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Foreword

Emergency medicine represents the unique com-
bination of rapid data gathering, simultaneous
prioritization, and constant multi-tasking in a
time-constrained fish bowl — with all decisions
subject to second-guessing by others. It is a patient
complaint-oriented specialty in which stabiliza-
tion based on anticipation supersedes lengthy
differentials and diagnostic precision.

In light of these unique aspects and attributes of
clinical practice, one would expect the textbook-
based literature supporting this specialty to be
uniquely written and reflective of its singular
approach. This has rarely been the case, a fact that
has puzzled me for almost 30 years. It is true that
sequential prose does not accurately represent
the parallel processing necessary to practice effec-
tive and efficient emergency medicine. Still, it
would seem the ideas of priority diagnoses, stabi-
lization, initial assessment, prioritized differential
diagnosis, and the rest that follows could be delin-
eated and emphasized within the limitations of the
printed word. I am pleased and delighted to find
and convey to the reader that this text succeeds in
translating this untraditional emergency medicine
approach into a textbook format.

This text, edited by two academicians,
Swaminatha V. Mahadevan, MD and Gus M.
Garmel, MD from one of the nation’s premier aca-
demic institutions and leading health care organ-
izations, fulfills what I have long believed is the
correct and necessary pathway to understanding
the approach and thought processes that drive
clinical decision-making in emergency medicine.
The focus of the text is appropriately “presenting
complaint-oriented,” with a thorough coverage
of the chief complaints responsible for the major-
ity of emergency department visits. Each chapter

is structured in a consistent manner that allows
the experienced and uninitiated alike to clearly
track the thought process needed to bring one to
a successful prioritized conclusion of care, even
when a specific diagnosis has not been made.

The range of authorship is excellent, reflecting
the talents and capabilities of an entire new gen-
eration of emergency physicians trained in the
specialty. These authors clearly understand emer-
gency medicine’s unique principles.

It is a rare gift to witness and participate in
the passing of our unique specialty’s visions onto
the capable hands of those you have had the
opportunity to train and know. Due to this text-
book’s organization and content, I am pleased to
finally “rest in peace,” at least academically. Drs.
Garmel and Mahadevan demonstrate their clear
understanding and literary virtuosity in convey-
ing the truth about our specialty to others.

It is my pleasure to congratulate them on a
successful venture, to warn them that having
started on this path serial additions and sub-
sequent editions will rule their life for as long as
they, the publisher, and the sales last, and to
express a personal sense of satisfaction and pride
in their accomplishment. To the reader, I say
enjoy yourself. Take much away from this text
and welcome the truth as we currently know it,
presented in a manner that accurately reflects the
way we practice.

Glenn C. Hamilton, MD, MSM

Professor and Chair

Department of Emergency Medicine

Wright State University School of Medicine
Editor, Emergency Medicine: An Approach to Clinical
Problem-Solving
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1 Approach to the emergency patient

Gus M. Garmel, MD

The emergency department (ED) is a challenging
environment for patients, families, and medical
personnel. Many challenges result from our prac-
tice’s principles: available at any time for any
patient with any complaint. Patients who come
to the ED are not familiar with us personally, yet
must feel confident about our abilities to help
them during their time of greatest concern. Their
needs may be as straightforward as an excuse
note for work or a prescription refill in the mid-
dle of the night, or as complex as an acute illness
or injury, an exacerbation of a chronic condition,
or a cry for help if depressed or suicidal. Even
providing reassurance about a child’s fever to a
concerned parent is a critical function of emer-
gency physicians (EPs).

Qualities successful EPs exhibit include intel-
ligence, sensitivity, humility, insight, proficiency
making decisions with and acting on limited
information, and the ability to multi-task. Being
skillful negotiators, working well with individ-
uals having different backgrounds and ethnicities,
and advocating strongly for patients at all times
are essential qualities. In addition to these traits,
EPs must be experts in trauma and medical
resuscitation of adults and children, and in sharing
news with patients and family members about the
outcomes of these events.

The majority of patients use the ED infre-
quently. Many may be experiencing this setting
for the first time. Patients’ lack of familiarity with
this environment, fear, stress, waiting times,
painful procedures, and overall discomfort often
preclude them from having a positive experience.
These are only some of the issues that patients
contend with in the ED.

EPs confront numerous challenges when tak-
ing care of patients presenting to the ED. Perhaps
the greatest challenge is the spectrum of diseases
which EPs must be able to identify. Rather
than having to know only the first 15 minutes of
an illness, EPs must be familiar with all stages of
all illnesses, often presenting in atypical fashion.
In addition, time pressures inherent to providing
emergency care, the lack of existing relationships
with patients, unfamiliarity with their medical
history, and the inability to review patients’ med-
ical records challenge EPs daily. EPs must rapidly

and simultaneously evaluate, diagnose and treat
multiple patients with multiple conditions, often
with limited information, without confusing
subtle nuances between patients. They must be
insightful, anticipatory, and prepared to act and
react to prevent morbidity and, when possible,
mortality. Considering worse case scenarios is
fundamental to EM practice. Most importantly,
EPs must be comfortable providing detailed,
often devastating information in a concise yet
understandable manner to patients and family
members who may have different cultural back-
grounds.

It is indeed a privilege to be in a position to
offer care to patients during what is likely to be
their time of greatest need. Approaching patients
sensitively, recognizing their apprehension, pain,
concerns, and perhaps shame is critical to our
mission. This is true no matter how trivial a
patient’s problem may seem. Often, patients con-
sult with EPs to seek approval about their desire
to leave a spouse, to get an opinion regarding a
physician’s recommendation for surgery, or to
receive confirmation that they are making the right
decision about a parent, child, or loved one.
Serving in this capacity, without judgment, is not
only appropriate but also essential.

It is imperative that EPs approach each patient
with an open mind, committed to identify and
address not only the presenting problem but also
any coexisting problems. For example, a patient
with the history and presenting complaint of
esophageal reflux may in fact have acute coronary
syndrome (ACS). A patient with the apparent
problem of insomnia may have an underlying
concern about his or her safety, security, or men-
tal wellness. The ability of an EP to evaluate each
patient using history-taking and physical exam-
ination abilities, as well as laboratory or radio-
graphy interpretation skills, when appropriate, is
only a portion of our armamentarium. An experi-
enced EPs “sixth sense” is something that, over
time, has become recognized and respected by
non-EM colleagues.

Unfortunately, the ED environment is not
always conducive to privacy. Despite the Health
Insurance Portability and Accountability Act
(HIPAA) of 1996 and Protected Health
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Information (PHI) for patients, attempts to main-
tain patient confidentiality in the ED present a
continuous challenge. Discussions about patient
care issues between health care providers, staff,
patients, and family members often take place
behind nothing more than a curtain. Shared
spaces, hallways, lack of private rooms or beds,
and the demands of time-pressured discussions,
often in open spaces, over the phone, or with
consultants stretch efforts at maintaining patient
confidentiality. The leadership role that EPs have
in the ED affords them the opportunity to demon-
strate respect for patient confidentiality and to
remind others of the importance of upholding
this principle.

Recently, there has been tremendous publicity
regarding medical errors and patient safety.
Human error may occur at any time, but is more
likely during high patient volumes or when mul-
tiple complicated patients of high acuity present
simultaneously. Error has been demonstrated to
occur more frequently when provider fatigue is
greatest (for example, at the end of a challenging
shift or after being awake all night). Systems
errors are even more likely to occur during these
circumstances. Attention has been placed on
reducing errors and improving patient safety,
using the airline industry as an example. Airline
pilots, however, are not required to fly more than
one plane at the same time, while simulating
take-off, landing, and changing course. The EM
community should embrace the federal govern-
ment’s attention to medical systems and its role
in medical error, as patient safety is a top priority.
Hospital quality committees review errors of
omission and commission, medication errors,
errors in patient registration, and errors of judg-
ment. Given the pace of the ED environment, it is
remarkable that more errors do not occur. The
rapid need for patient turnover, room changes,
and test result reporting does not occur with such
immediacy in most other areas of the hospital.
Hospital administrators with limited insight about
the uniqueness of EM practice should focus
attention to, and provide support for, this essential
aspect of patient care.

EPs must recognize that patients signed over
to them at the end of a shift pose increased risk.
These patients typically have laboratory or X-ray
results pending, are being observed for continued
improvement or worsening in their condition, or
are waiting for consultants. They should have
treatment and disposition plans in place, prede-
termined by the EP who initially evaluated them
based on anticipated outcomes. However, it may

be these signed-over patients do not have well-
established dispositions and need a new EP’s
perspective. In such cases, it is better to inform
the receiving EP that a good understanding
about what is going on with that patient does not
exist than leave things vague or unclear. As long
as patients present to EDs at any time, patients
signed over at shift’s end will continue to chal-
lenge our ability to provide safe care within our
practice.

Scope of the problem

A landmark article by Schneider, et al. from the
EM literature defines our specialty as one “... with
the principle mission of evaluating, managing,
treating and preventing unexpected illness and
injury.” As emergency medical care is an essential
component of a comprehensive health care deliv-
ery system, it must be available 24 hours a day.
EPs provide rapid assessment and treatment of
any patient with a medical emergency. In addi-
tion, they are responsible for the initial assessment
and care of any medical condition that a patient
believes requires urgent attention. One key aspect
of this commentary is that patients may believe
they require urgent attention, when in fact they do
not. It remains our mission to provide patients the
opportunity to receive sensitive medical care and
reassurance even under this circumstance. EPs
also provide medical support for individuals who
lack access to other avenues of care. As the num-
ber of uninsured and underinsured persons in the
US increases, and growing numbers of health clin-
ics close, many of these individuals will use the
ED for their primary as well as emergency care.
This has placed a tremendous burden on the
safety net provided by the specialty of EM.

In 2000, ED visits climbed to 108 million, a
14% increase from 1997. In California, patients
visiting EDs were found to be sicker than ever
before, with an increase in critical emergency
care visits by 59% between 1990 and 1999.
Although there were just over 4,000 EDs in 2000,
the number of EDs has decreased as hospitals
and trauma centers are forced to close. The num-
ber of EPs in clinical practice reported by the
American College of Emergency Physicians
(ACEP) in 1999 was just under 32,000, a decrease
from 1997. There has been an increase in the
number of nurse practitioners and physician
assistants trained to work in emergency care set-
tings, and many hospitals are staffing urgent care
and fast-track areas with these practitioners.
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With decreased funding available for non-ED
clinics, and increasing numbers of patients with-
out health insurance who use the ED as their pri-
mary (or only) source of health care, the worsening
of ED overcrowding is inevitable.

Hamilton describes the clinical practice of EM
in his textbook as one that “... encompasses the
initial evaluation, treatment, and disposition of
any person at any time for any symptom, event,
or disorder deemed by the person — or someone
acting on his or her behalf — to require expedi-
tious medical, surgical, or psychiatric attention.”
This philosophy creates tremendous challenges,
as well as opportunities, unique to the specialty
of EM. EDs must be fully staffed and always pre-
pared while never entirely certain of patient
needs at any given moment. Despite statistics on
the number of patients presenting at different
times on different days in different months, no
one can predict the exact number of medical staff
needed to care for even one emergency patient.
Clearly, staffing an ED to be fully operational is
an expensive proposition given this scenario.

Clinical scope of the
problem

Table 1.1 provides the ten most common reasons
for patients to visit the ED, according to a 2001 sur-
vey. Patients come to the ED due to only a few gen-
eral categories of problems or complaints. These
may be grouped as follows, listed in decreasing
frequency.

Table 1.1 Top 10 reasons for an ED visit (2001, National
Hospital Ambulatory Medical Care Survey — CDC-P)

. abdominal pain (6,789,000)

. chest pain (5,798,000)

. fever (4,383,000)

. headache (2,962,000)

. shortness of breath (2,701,000)
. back symptoms (2,595,000)

. cough (2,592,000)

. pain (2,335,000)

. laceration (2,322,000)

10. throat symptoms (2,043,000)

OCONOTALRLWN =

CDC-P: Centers for Disease Control and Prevention.

Pain

Pain is the most likely reason for patients to seek
medical care at an ED. It can be traumatic or

atraumatic in nature. Chest, abdominal, head,
extremity, low back, ear, throat, and eye pain are
only a few examples.

Difficulty with ...

This can be difficulty with breathing, vision, urin-
ation, swallowing, concentration, thinking, bal-
ance, coordination, ambulation, or sensation.
Difficulty controlling seizure activity would also
fall into this broad category.

Fever

Fever is common in children, and of great con-
cern to parents. It can be a presenting complaint
in adults as well. Conditions causing fever include
viral or bacterial infections, such as upper respira-
tory infection (URI), gastroenteritis, otitis media,
urinary tract infection (UTI), cellulitis, pneumo-
nia, and bronchitis. Surgical conditions (such as
appendicitis, cholecystitis, atelectasis, and post-
operative wound infections), obstetric-gynecologic
problems (such as pelvic or cervical infections,
mastitis, postpartum infections), deep venous
thrombosis (DVT), drugs and drug interactions,
cancer, tick-borne infections, malaria or other
parasitic infections, vasculitis, and arthritis are
other conditions causing fever.

Bleeding

Bleeding may be painful or painless, and may
or may not have other associated symptoms.
Examples include lacerations, vaginal bleeding
(with or without pregnancy), gastrointestinal
(GI) bleeding, epistaxis, and hematologic ill-
nesses such as anemia, von Willebrand’s disease,
or hemophilia (often resulting in spontaneous
bleeding).

Social concerns

Social issues for which patients come to the ED
include an inability to care for oneself, a change
in behavior (either organic or functional), drug
and/or alcohol-related problems, homelessness,
hunger, or concerns of family members that
something might be wrong.

In EM, it is essential that care is coordinative,
meaning that EPs should seek assistance with
patient care, relying on more than just the patient
to assess the situation. Family members often
provide additional information about illness
progression that patients fail to recognize or
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neglect to share. Prehospital care providers often
have useful information about the patient’s liv-
ing situation and how appropriate it is.
Psychosocial aspects of each patient must be con-
sidered when interpreting presenting complaints
and determining patient dispositions, including
the appropriate use of consultation. Involving a
consultant who focuses solely on his or her area
of expertise may result in a less optimal outcome,
as he or she may overlook a combination of eti-
ologies causing the problem. When the care of a
particular patient is beyond the scope of EM prac-
tice, the EP must make certain that the “proper”
consultants and the appropriate teams are
involved. EPs must know how and where to
access information, and to whom to turn in order
to ensure patient beneficence. EPs often coordin-
ate patient care behind the scenes, without always
receiving the recognition they deserve.

Anatomic essentials

Anatomic essentials for the patient presenting to
the ED are covered in detail throughout the text.
Airway, Breathing, Circulation, Disability, and
Exposure are crucial to the initial evaluation and
management of emergency patients with emer-
gent or urgent conditions. This may be true for
conditions that do not seem emergent at the time,
such as the airway of a talking patient recently
exposed to intense heat (fire, smoke, or steam).
The airway is essential not only for gas exchange,
but for protection against aspiration. It may be
used for the administration of certain medications.
With conditions causing increased intracranial
pressure (ICP), airway management with modest
hyperventilation results in cerebral vasoconstric-
tion, one aspect of therapy. Breathing is not only
dependent on the lungs, but on the thoracic cav-
ity, respiratory musculature, and central nervous
system (CNS). Circulation may be compromised
as a result of hemorrhage, dehydration, vascular
catastrophe, cardiovascular collapse, or vasocon-
striction or vasodilatation in response to shock.
Evaluating disability includes a careful vyet
focused neurological exam, including an assess-
ment of the level of consciousness, mini-mental
status, and evaluation of motor, sensory, reflexes,
cranial nerves, and cerebellar function as appro-
priate. A thorough understanding of neurovas-
cular supply to extremities, especially following
traumatic lacerations or injuries, helps identify
limb threats or potential morbidity. Knowledge
of dermatomes is also helpful when assessing

neurologic symptoms. The Alertness, Verbal
response, Pain response, Unresponsive (AVPU)
scale and the Glasgow Coma Scale (GCS) are two
simple evaluation tools that can be recorded to
describe general neurologic status of a patient, as
well as follow neurologic change over time.
Exposure is essential so injuries are not missed, as
well as to consider possible environmental elem-
ents that may contribute to the presentation (e.g.,
heat, cold, water, toxins).

History

The patient’s history has always been considered
one of the most important elements in determining
a final diagnosis. It is accepted that the history
(and physical examination) can determine the
diagnosis in up to 85% of patients. A patient’s his-
tory should focus on the current problem(s), allow-
ing room to identify additional information and
determine its relevance. When patients present in
extremis, the traditional approach to obtaining the
patient’s history must be abandoned. In this situa-
tion, history and physical examination informa-
tion must be obtained concurrently. EPs are often
forced to rely on clinical assessment and impres-
sion, and utilize many important diagnostic stud-
ies during their decision-making. Some studies
that assist in establishing a final diagnosis, such as
an electrocardiogram (ECG), glucose, urine dip-
stick, and other bedside tests can be obtained
while gathering historical data. However, estab-
lishing a final diagnosis is not always possible dur-
ing the course of the patient’s evaluation in the ED.
Fortunately, having a final diagnosis is not always
necessary, as an appropriate disposition with
follow-up evaluation and tests during hospitaliza-
tion or as an outpatient may be of far greater
importance.

When approaching any emergency patient, a
brief introduction using the appropriate prefix
(doctor or medical student) is preferred by
patients. It is reasonable to include with this
introduction relevant background information,
such as your current level and specialty of train-
ing. A gentle yet professional touch, such as a
handshake or touch of the wrist is a kind gesture.
This gesture of reaching out to a patient is favor-
ably received in general. Before questioning a
patient about his or her present illness or medical
history, sit down at the patient’s bedside if the
situation allows. This not only eliminates tower-
ing over a patient, but demonstrates that you are
interested in what he or she has to say, and plan
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to be present and listen for a while (even if this
time is short). Patients recall that the amount of
time their physician spent with them was greater
if their physician sat down during the interac-
tion. After sitting down, listen to what the patient
has to say. Physicians interrupt their patients
early and often, and EPs are some of the biggest
offenders. Look patients in the eye so they know
you are present, listening, and care about their
concerns. If you will be taking notes during the
interview, do so following a short period of good
eye contact. Demonstrate respect for a patient’s
well-being and privacy by offering a pillow,
blanket, adjusting their bed, assisting with cover-
ing their person, or providing water (if appropri-
ate). This can be done in a few seconds at the
start of each patient interaction.

When possible, use open-ended questions to
elicit historical information about a patient’s condi-
tion. This allows patients to describe their concerns
using their own terms. Certainly, some questions
require yes or no answers (“Do you have dia-
betes?”). There will be times when directed ques-
tions are required, such as to a patient in extremis,
or when a patient does not answer questions
promptly or concisely. However, most patients will
get to the point in a relatively short time.

The P-Q-R-S-T mnemonic assists with gather-
ing important historical elements of a presenting
complaint from a patient. Using the example of
“pain,” questions relating to the history of a
painful condition include (Table 1.2):

Table 1.2 P-Q-R-S-T mnemonic for history

P is for provocative/palliative, as in “What makes
this pain worse or better?”

Q s for the quality of pain, as in “Describe your
pain?” or, “Is your pain sharp or dull?”

R s for region/radiation, as in “What region of body
does this pain occur?” and “Does it radiate, or
move, to any other location(s)?”

S s for severity, which may be communicated using
a numeric scale from 0—10 or a happy-sad faces
scale.

T s for timing/temporal relationships associated
with the pain. Questions might include “When did
the pain start?”, “How long did the pain last?”, and
“What were you doing when the pain started
(eating, exertion, watching television, going
to bed)?”

Additional historical information to learn
may be obtained using the mnemonic A-M-P-L-
T-O-E (Table 1.3).

Table 1.3 A-M-P-L-T-O-E mnemonic for additional history

A is a reminder to discuss allergies to medications,
latex, seasonal allergens, or other things.

M is for medications, including prescription and non-
prescription. Surprisingly, many patients do not
consider acetaminophen, ibuprofen, oral
contraceptives, insulin, or vitamins (including
herbal remedies) to be medications, and do not
offer this information.

P is for previous or past medical history, which may
provide a clue to the present condition. If this
patient has had a similar illness before, he or she
may have it again, or is at greater risk for it to
recur.

L s for last meal, perhaps the least helpful of these
questions. Last meal does, however, relate to
airway protection in the event of procedural
sedation or a surgical procedure.

T s for tetanus status, which should be updated
every 5-10 years, depending on the type of
wound and its likelihood for being tetanus-prone.

O s for other associated symptoms/operations.
Associated symptoms may assist in reaching a
diagnosis, and may afford the opportunity to
relieve discomfort. Some patients do not include
previous surgeries in their medical history.

E s for events/EMS/environment, which include the
events leading up to the illness, the role of the
emergency medical system (EMS) during
transport (interventions, complications), if
applicable, and any environmental influences on
the presentation (heat, cold, rave or other party).

Information regarding a patient’s family and
social history should also be reviewed. Family
members with similar illnesses or conditions
who present similarly to this patient are import-
ant to identify. Examples include a strong family
history of cardiac or thromboembolic disease,
appendicitis, gallbladder disease, or cancer.
Social history includes the patient’s living situa-
tion, marital status, use or abuse of tobacco, alco-
hol, and/or drugs, occupation, and handedness
(in the setting of neurologic disease or extremity
trauma).

Several key questions might therefore include:

¢ How did the pain begin (sudden vs. gradual
onset)?

What were you doing when the pain began?
What does the pain feel like?

On a scale of 0-10, how severe is the pain?
Where is your pain?

Has it always been there?

Does the pain radiate anywhere else?

Does anything make the pain better or worse?
Have you had this pain before?
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¢ Have any family members had pain similar
to this?
e What do you think is the cause of your pain?

Associated symptoms are important, as many
diseases have a specific collection of symptoms
associated with them. The concept of parsimony is
an important one, in which a diagnosis has a
higher likelihood of being correct if one disease
can be used to explain the entire constellation of
associated symptoms. This provides a more likely
explanation than the coincidence of more than
one disease being responsible. Additional cau-
tion should occur with patients at the extremes of
age (newborn and elderly), as the likelihood of
serious infections, decreased physiologic reserve,
and comorbid or coexisting conditions increases
in these patients. Some key associated symptoms
are listed in Table 1.4. Warning signs in the his-
tory are provided in Table 1.5:

Table 1.4 Key associated symptoms

Cardiopulmonary symptoms
Cough, dyspnea, orthopnea, palpitations, dizziness,
syncope, and chest pain.

Gastrointestinal symptoms
Abdominal pain, nausea, vomiting, anorexia,
constipation, diarrhea, and bleeding.

Genitourinary symptoms
Dysuria, frequency, urgency, hematuria, and
pneumaturia.

Obstetric/Gynecologic symptoms

Pregnancy, menses, age of menarche, contraception,
fertility, sexual activity, sexually-transmitted infections,
vaginal discharge or bleeding, dyspareunia, previous
surgeries, recent procedures, and other pelvic
infections.

Neurologic symptoms

Weakness, difficulty speaking, concentrating,
swallowing, or thinking, imbalance, sensory changes,
visual problems, and headache.

Physical examination

The physical examination should be complete
enough to identify unexpected conditions, while
focused on areas likely to be contributing to or
responsible for disease. Unfortunately, many EPs
are challenged for time and act quickly, perform-
ing abbreviated physical examinations while rely-
ing on laboratory and radiologic studies. In some
circumstances, this may be necessary. However, it

Table 1.5 Warning signs in the history

1. Sudden onset of symptoms (especially first time)

2. Significant worsening of symptom(s) which had
been stable

3. True loss of consciousness or alteration of
consciousness

4. Cardiopulmonary symptoms (dyspnea, chest
pain or pressure)

5. Extremes of age (newborn, elderly)

6. Immune compromise (HIV-positive, AIDS, cancer,
diabetes, or on immunosuppressant therapy such
as chemotherapy or chronic steroids)

7. Poor historian, including language barriers

8. Repeated visit(s) to a clinic or ED, especially recent

9. Incomplete immunizations

0. Patient signed over at the end of a shift

is best to do a detailed, problem-pertinent physi-
cal examination so that important findings are
not missed. In addition, concentrating on associ-
ated organ systems that may have a role in the ill-
ness is recommended. These areas may provide
clues to the etiology of the pain or illness. In fact,
establishing a comprehensive differential diag-
nosis for that patient’s complaint and examining
areas of the body that may contribute to the con-
dition allows EPs to prioritize the likelihood of
other diagnoses causing the symptoms.

As this chapter describes the approach to the
emergency patient, it will address only the gen-
eral appearance, vital signs, and physical exam-
ination pearls in general. Other chapters provide
greater detail for a particular condition or con-
stellation of symptoms.

General appearance

This may be the most important element of the
physical examination for EPs, as it assists with
determining who is sick and who is not.
Experienced EPs can look at patients and have a
reasonably accurate idea of who needs to be hospi-
talized. This is one reason why EPs feel concern for
patients in the waiting room, whom they have not
yet visualized. General appearance is particularly
important in the pediatric population, as social
interaction, playfulness, physical activity (includ-
ing strength of cry) and hydration status (amount
of tears, for example) are significant findings that
can be identified within moments. The younger
the patient is, the more difficult it is for EPs to
determine wellness based on general appearance
alone. The fact that a patient’s general appearance
is less helpful to EPs at the extremes of age makes
caring for these patients more challenging.
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Vital signs

Vital signs are important for all emergency
patients. A complete set of vital signs should be
obtained and repeated during the emergency
visit. Often, the vital signs are obtained in triage
and not repeated until many hours later when
patients are placed in examination rooms. Many
EDs have policies that vital signs must be
repeated for patients in the waiting room. This is
a wise strategy, even though abnormal vital signs
may not require action. EPs should at the very
least review one complete set of appropriate vital
signs on every patient, and address each abnor-
mal vital sign (or consider why it is abnormal).
At times, rechecking the vital signs is extremely
important, such as the heart rate in a patient with
ACS or acute myocardial infarction (AMI), the
respiratory and heart rates in patients with
breathing difficulty, or the temperature of a child
who experienced a febrile seizure. It is of far
greater importance to recheck the temperature of
a previously afebrile patient with a possible sur-
gical condition or serious bacterial infection than
a febrile child’s temperature following acetamino-
phen or ibuprofen if they are now well-appearing,
playful, and at low-risk for a febrile seizure.
Orthostatic vital signs (heart rate and blood pres-
sure in supine, sitting, and standing positions)
are inherently time-consuming, unreliable, and
nonspecific. However, if the situation suggests that
these measurements would be in the patient’s
best interest, they may provide useful information
(Table 1.6). It is good practice to recheck a patient’s
vital signs prior to discharge.

Pearls specific to the physical
Be professional

A professional greeting and introduction should
evoke warmth and kindness. Patients want to
know that the EP they “have” (they did not
“choose”) is considerate, sensitive, thoughtful,
competent, and listens well; in other words, a
true professional. Most patients aren’t interested
in a joke or a discussion of current events when
they are in the ED, at least not immediately.
EPs should wear clean and appropriate clothing,
be polite, well-mannered, well-groomed, and
appear well-rested. A current hospital ID badge
with name and photograph should be promi-
nently displayed. A health care provider should
never bring food or beverages into the examina-
tion room.

Table 1.6 12 Vital signs to consider

1. General appearance (perhaps the most important
and underutilized vital sign)

2. Temperature (rectal temperature should be
considered in newborns or infants, and the
elderly who are hypothermic, tachypneic and
mouth-breathing, or in patients with alterations of
consciousness)

3. Heart rate (including strength, quality, and
regularity)

4. Respiratory rate (often miscalculated due to
multiplication error)

5. BP (consider orthostatic BP, although may be
falsely negative; also consider BP measurements
in each arm or upper and lower extremities in
certain conditions)

6. Oxygen saturation (pulse oximetry)

7. Blood sugar (bedside glucose), which provides
an immediate value for situations including an
altered LOC, a diabetic with the likelihood of
abnormally high or low glucose, or when glucose
is the only blood test necessary

8. Pain score (from 0-10, or happy—sad faces
scale), repeated frequently and after
interventions as indicated

9. GCS (best eye opening, verbal, and motor
responses) or other methods which measure
LOC or mental status, such as AVPU or mini-
mental status examination

10. Visual acuity (for patients with visual or
neurologic complaints)

11. ETCO, for intubated patients

12. Fetal heart tones (for pregnant patients)

AVPU: alertness, verbal response, pain response,
unresponsive.

BP: blood pressure.

ETCO,: end-tidal carbon dioxide.

GCS: Glasgow Coma Scale.

LOC: level of consciousness.

Go slowly

Try not to rush patients, or to seem rushed,
despite how busy you may be. Speak slowly and
clearly, with increased volume for elderly patients
should they need it. Warm and clean hands are
essential for patient comfort. If you are using
gloves, tell patients that this is your practice for all
patients. A well-lighted, warm room (if possible)
is also preferred. Having a chaperone of the same
gender as the patient present is always a good
idea, especially during examination of private
(genitals, breasts, pelvic and rectal) areas. Again,
let patients know that this is your standard prac-
tice and you are doing it for their benefit (even if
you are protecting yourself as well). Having trans-
lators or family members present (when appropri-
ate) also makes patients more comfortable.
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Be gentle

Do not proceed immediately to the area of pain,
and do not palpate a tender area using more
pressure than is absolutely necessary. If possible,
try to distract patients while you examine a
painful area. This is especially true for pediatric
patients. Always examine the joints above and
below an injured area, as other injuries may
coexist due to transmitted forces. Remove all con-
stricting jewelry and clothing distal to an injured
area, as swelling due to dependent edema is
likely to occur. Patients may not appreciate this
gesture at the time, but it will be valuable in terms
of patient safety and preventing damage to an
item that may require removal later.

Be sensitive

Make patients aware that you are focused on
them during your examination, not on other
patients or problems. Furthermore, let patients
briefly know what you find immediately follow-
ing each phase of the examination. There is no
reason to do your entire examination and then
tell the patient that it was normal. Share with
patients that their heart or lungs sound fine right
after auscultation. If patients have abnormal find-
ings, they may have been aware of these from a
previous physician’s examination. Ask if they had
been aware of this finding, without accusing the
physician of missing something if they had not
been told. When appropriate, let them know
immedjiately that it is not dangerous or worrisome
if this is the case. There is no reason to increase
their anxiety by telling them they have a heart
murmur if it is inconsequential. Offering findings
in this manner increases patients’ confidence in
your abilities, because you were able to identify a
heart murmur (for example) that they already
knew existed.

Be thorough

This is important so that critical findings or other
clues to the patient’s final diagnosis are not
missed. For example, lacerations, contusions,
rashes, or bruises might imply spouse abuse. If it
may be relevant to the presenting complaint,
expose the patient’s skin during the examination
of the body region. Rashes may be present which
identify life-threatening infectious diseases or
may eliminate the need for further diagnostic
studies (e.g., meningococcemia or herpes zoster).

Be thoughtful

Use language that patients and family members
understand. It does not impress patients when
physicians use technical jargon to look smart. If
patients are not familiar with abbreviations or
terms that you have used, they may not be com-
fortable asking for their meaning. For example,
despite the common use of the abbreviation “MI”
for myocardial infarction, many people do not
know what it means. You may tell a patient that he
had an MI, only to be asked later if he suffered a
heart attack. In children, consider efforts to involve
parents with the examination, such as looking in
a parent’s throat or ear first. Other skills to use
when examining children include letting the
child touch your stethoscope or otoscope before
using it. Involve older children in the examina-
tion by asking which ear they would prefer be
examined first. Recognize that hospital gowns
are not flattering; it is a kind gesture to assist a
patient by offering to tie his or her gown, espe-
cially if they are going to leave their ED gurney.

Be efficient

An entire physical examination does not need to
be done on every patient. For example, a fundus-
copic examination does not need to be performed
on a patient presenting with an ankle injury.
Furthermore, examine patients starting with the
position they are in, rather than from head-to-toe,
which can save time. For example, if the patient
is supine in the gurney, consider examining their
abdomen before their lungs.

Differential diagnosis

Following the history and physical examination,
with careful review of the vital signs, a differen-
tial diagnosis should be established. This differ-
ential diagnosis should be as comprehensive as
possible, as it suggests which diagnostic tests
should be obtained, and in which order. This dif-
ferential diagnosis also establishes which thera-
peutic approaches should be initiated, if they have
not already begun.

Diagnostic testing

Diagnostic testing in the ED is performed to
include (“rule in”) or exclude (“rule out”) condi-
tions responsible for the patient’s symptoms. As
such, it is imperative that EPs have a sense of
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pretest probability, which includes disease preva-
lence, and the sensitivity, specificity, positive and
negative predictive values, and accuracy of the
tests they are ordering. It is important to be
familiar with likelihood and odds ratios as well.

Laboratory studies

Because of the time pressures for patient dispos-
itions, many tests have been or are being devel-
oped which can be done at the bedside, to decrease
the turnaround time for results. Known as
“point-of-care” testing, one classic example is the
bedside glucose test. Numerous implications of
this rising technology’s role in EM have been
studied. Current research using new bedside
tests of cardiac markers and other tests of cardiac
function is ongoing. Treadmill tests on low-risk
cardiac patients have been performed from (or
in) the ED to risk-stratify patients regarding their
need for hospitalization. Bedside ultrasonogra-
phy is a similar test being utilized by EPs with
increased frequency to assist with patient diag-
nosis, treatment, and disposition. As more hospi-
tals and EDs subscribe to these concepts, and
more physicians gain skills in these areas, these
tests will assume an even greater role in the eval-
uation and treatment of emergency patients.
Unfortunately, regulations have removed many
tests from the ED that were previously performed
there, such as pregnancy tests and microscopic
evaluation of vaginal flora. Having these tests
done in a laboratory increases the time to receive
results, if for no other reason than sample trans-
port time. The implications of increased laboratory
turnaround time are enormous given ED closures,
lack of ED and hospital bed availability, and
increased patient volumes in EDs across the US.
Some tests are being ordered or performed by
certified nurses during the triage process, as
patients register for evaluation by EPs. These
tests include urine collection to screen for preg-
nancy, blood, or infection, ECGs to evaluate car-
diac function, and radiographs. There has been
extensive research to develop rules to assist
health professionals with determining a patient’s
need for an X-ray. If these clinical criteria are met,
trained nurses in many institutions may order
X-rays from the triage area in an effort to stream-
line care and reduce overall patient time in the
ED. Examples of some rules found in the litera-
ture include the Ottawa ankle, knee, and foot
rules, the Pittsburgh knee rule, the Nexus rule for
cervical spine radiographs, and several head
computed tomography (CT) rules. Depending on

the situation, nurses generally use the extremity
rules in their practice, while physicians apply the
C-spine and head CT rules. Some EDs have a
physician or nurse order necessary blood tests
and send them to the lab from the triage area, in
an effort to improve patient throughput.

Electrocardiography

With ECGs, it is a good idea to obtain old ECGs
whenever possible to allow comparison with the
new (current) ECG. This is of particular impor-
tance in patients with abnormal conduction,
abnormal intervals, or abnormal ST and T wave
segments. ECGs should be repeated in the ED if
patients develop chest pain or if their chest pain
resolves, whether spontaneously or following
intervention. The importance of serial ECGs can-
not be overemphasized in the setting of ACS, or
if the possibility of a cardiac etiology for chest pain
is entertained. ECGs are invaluable in patients
with acute ST-segment elevation MI (STEMI), as
the determination for thrombolysis or percuta-
neous coronary intervention (PCI) is time-sensitive
from the time of the first diagnostic ECG. They also
serve as useful adjuncts in the evaluation of sev-
eral toxic ingestions or presenting symptoms
such as weakness, dizziness, abdominal pain, back
pain, confusion, or alterations of mental status.

Radiologic studies

Regarding the use of radiology in diagnostic test-
ing, physicians seem to rely on imaging to a
greater extent than they did years ago. This is due
in part to the greater role imaging plays in patient
care, the increased availability of CT scanners, the
manner in which physicians are currently trained,
and the increased concern over litigation. Never-
theless, obtaining radiologic imaging (especially
CT) has become a standard that physicians must
recognize, and that patients often demand. Not
ordering radiologic studies to identify certain
conditions may be indefensible, as these tests are
sensitive, specific, and readily available 24 hours
a day in nearly all EDs. The development of guide-
lines to help determine which patients require
X-rays has provided physicians the ability to safely
reduce the number of radiographs ordered. EPs
use bedside ultrasonography as part of their phys-
ical examination skill set in many hospitals, often
with the support of radiology. This situation arose
out of the need for EPs to have ultrasound avail-
able to their patients on a 24-hour basis, to identify
hemoperitoneum following abdominal trauma,
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gallbladder disease, cardiac tamponade, ectopic
pregnancy, or other illnesses. EPs first used bed-
side ultrasonography for the focused assess-
ment with sonography for trauma (FAST) exam.
Tremendous success with this limited use encour-
aged EPs to incorporate ultrasound technology
into other necessary areas of their clinical practice.
It is important for both EPs and radiologists to
work collaboratively in this area, keeping patient
advocacy and safety the first priority at all times.

General treatment
principles

When evaluating and treating patients present-
ing to the ED, it is imperative to address life-
threats first. A tremendous amount of information
can be obtained from the patient’s general
appearance, vital signs, and history of presenting
illness (HPI). This is essentially a less than one
minute assessment. Risk stratification into “sick”
or “not sick,” or “stable” or “unstable” is part of
this process. Attention to the airway, breathing,
and circulation (ABCs) is critical, as is having the
correct personnel, equipment, and monitors
available. Much of this process occurs simultane-
ously, often automatically, with more than one
health care provider involved in a patient’s care.
While nurses are measuring vital signs, connect-
ing patients to monitors, and starting peripheral
intravenous (IV) catheters for blood draw and
circulation access, physicians can be intervening
with airway management and assessing breathing
and circulation. In trauma patients, the mnemonic
A-B-C-D-E-F-G is addressed in the primary and
secondary surveys (Table 1.7).

Table 1.7 A-B-C-D-E-F-G mnemonic for trauma patients

Airway

Breathing

Circulation

Disability (neurologic)

Exposure

Foley (following inspection of the involved areas
and rectal examination)

Gastric decompression (provided no
contraindications exist)

TMOO W >

(9}

Cervical spine immobilization and protection is
part of this process. “F” also reminds us of the
importance of family and friends. They may pro-
vide information about the circumstances leading

up to the present condition, and should be kept
updated as much as possible. When caring for
pediatric patients, current literature demonstrates
that family members’ presence during resuscita-
tion efforts or invasive procedures is extremely
important to them, provided their presence does
not interfere with medical care delivery.

At times, histories and physical examinations
must be abbreviated and more focused than one
might prefer. This is often a necessary part of EM
practice. Treatment may need to be initiated based
on limited information, previous episodes, physi-
cian experience, or physician speculation. In true
emergencies, assessment and treatment occur
simultaneously. It may be necessary to determine
a patient’s resuscitation status in an instant,
which is extremely difficult for EPs. As quickly
as possible, attempts should be made to learn
this information from the patient, prehospital
care providers, family members, nursing home
or skilled facilities. Having a system in place
with electronic medical records or a designated
individual (social services, ED tech, or nurse)
available to make calls may save precious min-
utes. When in doubt, always do what is med-
ically indicated for the patient, rather than making
assumptions that may be incorrect. Remember to
do no harm, and always relieve pain, suffering,
and anxiety.

Adequate pain control is an important element
of EM practice. If a patient has a painful condi-
tion, it is good practice to address issues of pain
control as early as possible. This is true not only
for patients presenting with abdominal pain, but
in patients with traumatic injuries who would
benefit from adequate analgesia. Waiting to
administer pain medication to a patient with a
clinical fracture until after the X-ray is reviewed is
inappropriate. As previously mentioned, reassess
patients after each intervention, whether follow-
ing intubation for airway control or the adminis-
tration of analgesia. Continued reassessment of
all patients, particularly the sickest or those at
greatest risk for decompensation, is critical.

All patients should be treated sensitively, with
attention paid to their fears and anxieties. Patients
don’t wish to be in the ED, where privacy con-
cerns, noises, and discomfort predominate. They
would much rather be at home, without pain, or
in a familiar physician’s office. In this sense, EPs
and EDs start out with strikes against them. Add
to this the long wait, the uncertainty, and the
likelihood that someone will be less than pleas-
ant results in an emergency experience rarely
seen favorably by patients. Respectful treatment,

12 Principles of Emergency Medicine



without discrimination or condescension, should
be integral to our approach towards all patients.
ACEP and other organizations have developed
a number of clinical policies by consensus in an
attempt to improve patient care and reduce med-
ical error. Although many EPs feel that these
policies might be used against them in litigation,
or are an attempt to standardize patient care,
these policies are established using research and
opinion and are an excellent resource. This is
especially true for challenging conditions or those
with unclear or rapidly changing diagnostic and
treatment approaches. These policies are generally
available from these organizations at no charge.
Many similar treatment guidelines may be found
on-line to assist providers with an evidence-based
medicine (EBM) approach to patient care.

Special patients
Elderly

Individuals over 85 years of age are the fastest
growing segment of the population. With
advances in medical care, and the increasing
importance placed on disease prevention, diet
and exercise, this portion of the population will
continue to grow at a tremendous rate. The spe-
cial needs of this group of patients are often sig-
nificant. It has been repeatedly established that
the majority of medical care expenses are spent
on the geriatric population during their last few
years of life. Geriatric patients are at risk for falls,
functional decline, changes in cognition, as well
as cardiac, pulmonary, and vascular emergencies.
They have reduced physiologic reserve, and often
are too ill, weak, or complicated to use medical
offices for even routine care. As such, many rely
on EDs for their overall health care, assuming
they get any care at all. When geriatric patients
present to the ED, they are far more likely to be
admitted to the hospital than younger patients.
They are also far more likely to require social
services if discharged. The best solution is to inte-
grate social services into the care of all geriatric
patients. EPs should consider why social services
should not be asked to see an elderly patient in
the ED, as they can offer home safety checks,
access to meals, transportation to medical appoint-
ments, and address social isolation, depression,
financial security, and common feelings of being
a burden to family members. Furthermore, elder
neglect or abuse is far more prevalent than
reported. From a social perspective, geriatric
patients prefer being referred to as “young”

rather than “old” (as in 75 years young), and pre-
fer being referred to as “older” rather than “old.”

Many medical conditions in older patients do
not present as they might in a younger or healthier
patient. A UTI in an elderly patient often presents
with confusion, as might ACS or a pulmonary
infection. Many geriatric patients are not able to
mount a febrile response to sepsis or infections.
In fact, geriatric patients are often hypothermic
when septic. As a result, rectal temperatures
should be measured in this population. Geriatric
patients commonly use over-the-counter med-
ications, increasing their risk of adverse drug
reactions. On average, elderly patients take 5
prescription medications daily. Polypharmacy is
a frequent concern in the geriatric population,
increasing the likelihood of drug-drug interac-
tions. Primary providers are often unaware of all
medications their elderly patients take, as physi-
cian Colleagues, consultants, and urgent care
providers may prescribe additional medications
without them knowing. Prehospital personnel
should be encouraged to bring all medication
bottles with patients to the ED so they can be
reviewed. This may help identify possible adverse
drug reactions or interactions. Many drugs inter-
act with warfarin, commonly prescribed in the
geriatric population. Special ID bracelets should
be provided to and worn by elderly patients,
which should include select medical conditions,
addresses, contacts, medications, and allergies.

Eyesight often fails in the geriatric population,
so it is important to check this and consider out-
patient referrals to optometry. Difficulties with
eyesight may result in the inability to read food or
medication instructions, especially insulin doses.
Difficulty with vision in low light makes it nearly
impossible for elderly patients to reliably com-
ment on their stools turning darker (hema-
tochezia or melena). Driving abilities may be
impaired by visual difficulties or by neck arthri-
tis (which makes it difficult to change lanes),
muscle power (required for defensive maneu-
vers), or fine motor control and coordination.
Driving is of vital importance for independence,
and is therefore a skill that many elderly do not
wish to relinquish.

Falls are more common in the elderly, not only
because of visual difficulties but also because of
their diminished ability to avoid objects, climb
stairs, or maintain balance and posture. As finan-
cial issues are of great concern, medications may
not be taken regularly or may be cut in half to
decrease the cost. The same goes for food —soups
are inexpensive and easy to cook, although many
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have high sodium contents. A dietician or nutri-
tionist can discuss healthy eating habits with eld-
erly patients. Plans for assisted living or skilled
facilities should be addressed with geriatric
patients before the need is imminent, as should
advance directives and powers of attorney. Even
a discussion of wills and plans for death should
be addressed, although this is best done at a
scheduled time in the primary care provider’s
office. Postal carriers and apartment managers
are particularly important to the safety of the eld-
erly population who live alone, as they can check
to see that the mail is being picked up daily,
make sure that the individual has eaten or gotten
up that morning, or provide brief social contact.
These resources can be investigated by social
workers.

Pediatric

Pediatric patients often make up a high percent-
age of patient visits to an ED, especially at night
when pediatric clinics are closed. Many EDs have
separate patient care and waiting room areas for
pediatric patients, so they are not as frightened
during their visit. Some EDs have special pediatric
rooms with colors and decorations to improve
these patient’s experience. Coloring books, stick-
ers, and stuffed animals may be helpful as well.
It is inadvisable to have a belligerent patient
sharing a room with a child (or any patient, for
that matter). This may not be possible, however,
given the demands for ED space during times
when patient volumes are increased and pediatric
patients are most likely to present. EDs should
have a resuscitation area especially for children,
using colors for equipment storage matching those
on the Broselow resuscitation tape.

Pediatric patients are generally evaluated with
parents, which may help the evaluation or make
it more difficult. It is important to observe the
manner in which children interact with their par-
ents. Physical, emotional, and sexual abuse or
neglect should be considered in all pediatric vis-
its, especially cases of traumatic injury, genitouri-
nary complaints, or failure to thrive. At times,
therefore, it may be necessary to have a discus-
sion with a pediatric patient without a parent
present. If this situation is necessary, it is advis-
able to have a second health care professional,
preferably of the same gender as the patient, in
the room with you. Every attempt should be
made to minimize a child’s time away from his
or her parent or guardian unless this separation
is warranted. Parents are often concerned about

their child’s fever, but their true concern may be
meningitis or some other serious infection. With
as much certainty as possible, these concerns
should be addressed. Pediatric patients with ven-
triculoperitoneal (VP) shunts, leukemias, cancers,
cardiac or lung disease, transplants, seizure dis-
orders, or other specialized conditions are gener-
ally closely followed by their pediatricians or
pediatric specialists, who should be included in
or informed of care decisions. As younger pedi-
atric patients are at risk for serious bacterial illness
(SBI) and have less reserve than older children or
adults, close follow-up of patients and cultures
(if obtained) should be encouraged according to
hospital practices, as patients in this age group
can become extremely sick or dehydrated quickly.

Drug-seekers

The practice of EM has a set of unique patients
who use and abuse the ED. Patients who seek
drugs, whether they are drug-addicted, drug-
dependent, or in constant pain are common
patients seen after clinic hours or when primary
physicians are unavailable. Some of these patients
may simply have decreased abilities to tolerate
pain. Many hospitals and EDs have policies about
providing narcotic medication to drug-seeking
patients, or patients who have abused the sys-
tem. It is far easier for administrators to write
policies for such patients than for EPs to apply
them in clinical practice. Whatever the outcome,
itis always the best practice to be sensitive to that
patient’s condition. There have been several situ-
ations in which denying narcotics to a patient
demanding them resulted in injury to or even
death of health care providers. Referrals to pain
clinics, psychiatry, narcotics anonymous, and
social services are always appropriate but rarely
helpful.

Difficult patients

Patients with personality disorders, malingerers,
manipulators, litigious patients, and patients
with behavioral problems often use the ED for
their health care, as they may not have insurance
or may not be able to access clinics. These patients
are particularly challenging to the staff’s patience.
Federal law prohibits EDs from turning away
patients, without at least preforming a medical
screening examination (MSE) to evaluate for any
emergency medical condition (EMC). At times,
security personnel or the police may need to be
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involved with these challenging patients. In our
role as health care’s safety net physicians, we
must interact with these unique and challenging
patients on a regular basis given the ED’s open-
door policy. An EP’s goal is to treat these patients
with respect, set strict limits, refer aggressively,
and recognize other factors that may be influenc-
ing their behavior. Conditions such as reflex sym-
pathetic dystrophy, fibromyalgia, post-herpetic
neuralgia, claudication, or psychosocial conditions
such as abuse may not have been considered by
other physicians during past visits.

Frequent flyers

Patients labeled as “frequent flyers” may or may
not have addictions to narcotics or psychiatric ill-
nesses, although they often do. However, isol-
ation, homelessness, boredom, mental illness, or
searching for attention and care may be reasons
for repeat visits. Despite overutilizing the ED,
these individuals should be treated respectfully.
Many medical staff fear that nice treatment will
encourage repeat visits, but providing a meal or
a warm place to sit for a short time may be neces-
sary regardless of the number of visits. Abuse of
the prehospital care system is even more upset-
ting to many emergency medical personnel, as
the number of available ambulances and prehos-
pital providers decrease during attention to these
individuals. However, it is always possible that
frequent flyers have or will have real illness. It
may be necessary to focus evaluations and mini-
mize testing, although studies often are per-
formed despite the high likelihood of being
negative. The use of derisive or condescending
language to individuals who abuse the medical
system is never acceptable. Respectfully address-
ing their abuse of the system and its impact on
others is certainly warranted. When possible, ED
or hospital administrators should be notified of
these abuses using mechanisms in place.

Police custody

Sadly, patients in police custody who need med-
ical attention for evaluation and treatment have
no place to go other than the ED (occasionally,
some urgent care centers have contractual agree-
ments for this). Often, police bring patients to the
ED for medical clearance. This requires an EP to
attempt to determine whether or not the patient’s
actions can be explained by a medical (or psychi-
atric) condition. Patients often come to the ED in

police custody with injuries following an alterca-
tion, often with a police officer or officers. This
establishes a difficult context for EPs because
officers may have injured certain patients in
response to their aggressive behavior. If the EP
feels safe, he or she should interview patients
outside of police presence. It is always difficult to
feel comfortable evaluating patients handcuffed
to gurneys, with or without police present.
However, a thorough yet cautious evaluation for
injuries, including contusions, bruises, marks,
scratches, abrasions, and bites must be per-
formed and documented. Patients may be placed
into police custody from the ED if they are vio-
lent, abusive, stealing supplies, or exhibiting
inappropriate behavior. Police must be notified
about all violent injuries, and may place patients
in custody or take them from the ED tojail. Police
often deliver intoxicated patients to an ED so
they can sober before going to jail. Patients who
are intoxicated may have additional reasons for
combative behavior or altered mental status,
including traumatic brain injury or other medical
conditions, thus mandating a thorough evalu-
ation. Intoxicated patients may be released to the
care of the EP and medical staff if they have
cooperated with the police and are not under
arrest. When this occurs, careful observation until
daylight hours, a meal if possible, and careful
plans for disposition, follow-up, and referral
should be discussed with a non-intoxicated fam-
ily member or friend. Clearly, a close working
relationship between fire, police, and emergency
personnel is crucial to our safety and success.

Disposition
Consultation

Dealing with consultants is an art that is often
difficult. Consultants respect straightforward,
focused, and well-planned presentations with a
direct question or goal being clearly stated. They
may not appreciate being told what to do, such as
“this patient needs to go to the operating room.”
Any ED consultation is unplanned work for a
consultant. Reimbursement issues may negatively
impact consultants to a far greater extent than
most EPs recognize. Despite such issues, EPs must
serve as their patient’s advocate at all times. EPs
should never do something that makes them
uncomfortable, even if a consultant recommends
it. This is especially true if a consultant does
not formally evaluate the patient. Disagreements
about the best plan of action for patients are
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common. These may be due to financial, time, or
hospital pressures. In general, consultants do not
wish to hospitalize patients who, in their opinion,
do not need admission. Since EPs do not wish to
send patients home who, in their opinion, should
not be discharged, conflict may be inherent to
this interaction. As always, keep the patient’s
best interests in mind. Consider alternate options
such as holding patients in the ED until the next
consultant comes on duty, finding a different
service to admit the patient, enlisting the assis-
tance of social services, admitting the patient to
an observation unit (either in the ED or the hos-
pital), or recognizing that it may be safe to send
that particular patient home despite your initial
impression. If absolutely needed, EPs can always
contact the chief of service, administrator on call,
or chief of staff for truly unacceptable situations.
When possible, notifying a patient’s primary
physician or specialist with information about
his or her visit, evaluation, laboratory results,
and treatment plan is uniformly appreciated,
and is in the patient’s best interest. Not only does
this serve as an opportunity for continued care, it
also assists in transferring care for that patient.
Follow-up notification by EPs to patient’s physi-
cians earns additional respect for our specialty,
and is a fantastic way to let other physicians know
that we care about their (our) patients. If inter-
ested, request follow-up from these physicians to
learn about patient care outcomes.

Serial evaluation

Repeat evaluation of patients is an important
aspect of emergency care, as a patient’s condition
may change over a period of time. Many presen-
tations warrant repeat evaluation, including
head or traumatic injuries, seizures, hypo-
glycemic episodes, abdominal pain, shortness of
breath, and chest pain, to list a few. Time alone
may allow a diagnosis to become more apparent
or declare itself, or may lead to the resolution of
symptoms. It is critical that patients who are
impaired (drug or alcohol intoxication, altered
mental status, or confused) or are restrained
(chemical, physical, or both) have frequent and
repeated evaluations by both physicians and
nurses. Serial evaluation is necessary following
interventions, such as the administration of
nitroglycerin (NTG), analgesics, bronchodilators,
or anxiolytics. This is important not only to
determine the patient’s response to that interven-
tion, as many interventions are diagnostic as well
as therapeutic, but also helps determine if an

additional or different intervention is needed.
Documentation of this response to therapy is
important, as it records the patient’s ED course.
Repeat evaluations of patients after important
laboratory or X-ray results become available,
and/or before they are discharged is recom-
mended, although the extent of this reevaluation
differs with each clinical scenario.

Admission/discharge

The decision to admit or discharge patients from
the ED is perhaps the most challenging part of
EM practice. Multiple factors must be considered
in this decision, including psychosocial, biological,
medicolegal, and, unfortunately, financial. When
possible, a patient’s wishes should be included in
this decision. With the advent of more aggressive
outpatient strategies (low-molecular-weight
heparin for DVT, longer-acting antibiotics with
greater potency) and research suggesting similar
outcomes in selected patients, many patients pre-
viously hospitalized are now being safely treated
as outpatients with close follow-up. Many dispos-
ition differences exist between hospitals for certain
conditions; it is a good idea for EPs to familiarize
themselves with hospital or community practices.
In smaller hospitals, EPs may be responsible for
writing admission orders for patients. Although
EM organizations discourage this practice, it still
occurs. Admission orders written by EPs should
clearly transfer care to the admitting physician
upon the patient’s arrival to the floor. The nurses
should be instructed to notify the admitting phys-
ician upon the patient’s arrival, if the patient has
any special needs, or for any change in vital signs,
including pain. Unstable or particularly complex
patients should remain in the ED until the admit-
ting physician has the opportunity to evaluate
them. In some hospitals, EPs on duty are respon-
sible to respond to in-hospital medical emergen-
cies. Hospital or ED policies should set guidelines
to define the circumstances under which the EP
can (and cannot) respond to acute medical care
situations within the hospital. Similarly, hospital
policies should address acceptable time stand-
ards for admitting physicians to evaluate their
patients so they are not held in the ED for extended
periods.

For patients being discharged, clear and
legible discharge instructions should encourage
patients to return if their symptoms get worse,
change, or don’t improve. All discharge instruc-
tions should include 4 categories of instructions:
(1) what to do, (2) what not to do, (3) when (and
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where) to follow-up, and (4) reasons to return to
the ED. What to do includes instructions such as
rest, ice, compression, and elevation for an ankle
injury. What not to do instructions might include
don’t smoke, don’t drive, don’t stop your anti-
biotics until completed or instructed by your
physician. When (and where) to follow-up for
re-evaluation, and with whom, is beneficial infor-
mation for discharged patients. The time frame
for follow-up should directly relate to the cer-
tainty of the diagnosis and the likelihood of the
illness or injury degenerating to a critical condi-
tion. Close follow-up is important for all patients
with high-risk medical conditions. The ideal situ-
ation is to schedule a follow-up appointment for
the patient at the time of his or her discharge.
Give the patient this follow-up physician’s name,
the date and time of the appointment, and the
address with directions to the clinic. Perhaps the
most important discharge instruction is the list of
reasons to return to the ED. These might include
but are not limited to any increase in pain, new or
different pain, worsening of symptoms, inability
to take medications or fluids, allergic reactions to
any medications, fever, vomiting, bleeding, or any
other concerns or fears. Pre-printed discharge
instruction sheets are helpful if they are written
in a language that the patient can understand.
These may allow EPs to be more efficient. How-
ever, patients deserve personalized instructions
as well, as each patient is an individual, not a dis-
ease or set of symptoms.

Assisting patients with filling their prescrip-
tions at discharge is important, although this
does not ensure compliance. If this is not pos-
sible, discharging patients with one day’s supply
of medication is a reasonable gesture. Testing a
patient’s gait prior to discharge helps determine
their balance, coordination, and likelihood of
success at home. If a patient walked in to the ED,
or “should be able to walk,” then this patient
should be able to walk at discharge. Patients
should be discharged to a safe environment,
preferably in the company of a responsible adult
who also understands the discharge instructions.
If they have been in the ED for an extended
period, providing a meal is appropriate, as they
may be too ill or tired to prepare one for them-
selves upon returning home. Wheelchairs may
be used to assist patients to their cars. Patients
should not drive if they might be distracted, were
given medication that may interfere with driving,
or presented with a lapse of consciousness that
may recur without warning. In this last situation,
a report must be filed with the appropriate

authorities, and the patient needs to be informed
that this has occurred. They should not drive until
an appropriate physician and the proper author-
ities approve this at a follow-up appointment.
Rides home, often paid for by the ED or hospital,
may be necessary, as might a clean or warm set of
clothes. Clothing donated by the medical staff or
other sources for patients to use is one option if
the hospital budget does not allow for this.

Pearls, pitfalls, and myths

Always address life-threats first, including patient
and staff safety.

An exact diagnosis is not always possible in
EM, and not always necessary. Often, an appropri-
ate disposition, such as admission to a monitored
bed, intensive care unit (ICU), operating room,
skilled nursing facility, or discharge home with
close follow-up is the best that can be expected.

Always attempt to get the appropriate service
or consultant involved. Make every effort to
inform a patient’s primary care provider about
the circumstances leading up to the patient’s ED
visit, the care provided while there, laboratory
and X-ray results, and a suggested follow-up plan.

Not all is what is seems; expect the unex-
pected, or you won't find it. Consider alternative
diagnoses and the possibility of lab error or false
negative (or positive) test results if things don’t
seem as expected. Repeat tests if the original test
result doesn’t “fit” with what you expected. Be
wary about the wrong test results being placed
on the wrong patient’s chart, or a laboratory
specimen or radiograph being mislabeled,
improperly marked, or incorrectly collected.

People with psychiatric illness may have med-
ical illnesses too. Consider ingestions, or cardiac,
metabolic, infectious, and CNS derangements
as well.

Many elderly patients have uncommon pre-
sentations for common conditions, such as ACS
or sepsis. Furthermore, polypharmacy and drug-
drug interactions should be considered, along
with elder abuse, neglect, and depression (includ-
ing suicidal gesture or attempt). Consider the
safety of an elderly patient being discharged, and
always remain his or her advocate.

Never rush a patient out of the ED with a con-
dition that may recur, such as asthma, seizures,
chest pain, breathing difficulty, or alteration of con-
sciousness (following head trauma or intoxicants).

Be sensitive, sit with patients, make good eye
contact, and listen well for apparent as well as
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hidden issues. Hidden issues may not be the
ones initially offered by patients, as they may
wait to gain your trust before sharing.

Review nursing and EMS notes on all patients.
Look for hidden clues that the patient may not
offer or tell you. Enlist the assistance of others to
help you with patient care, including nursing,
family, EMS, social services, consultants, or a
patient’s primary care physician. Poison centers
and on-line resources may be extremely valuable
as well.

Use caution in patients with language or cul-
tural barriers. Translators and family members
may not provide complete or accurate informa-
tion, details which you might have been able to
elicit if these barriers did not exist. This is espe-
cially true for patients who are deaf or have speech
impediments.

Think about abuse or neglect in every case. If
you aren’t thinking about it, you will not
uncover it.

Document clear and appropriate findings in
the medical record, including repeat examinations,
laboratory results and radiograph interpretations,
discussions with consultants or primary providers,
and discharge instructions. Documenting the time
and consultant’s name with whom you spoke is
always helpful.

Consider dangerous outcomes or the worst-
case scenario in every patient. Minimize the like-
lihood of these outcomes with appropriately
focused histories, physical examinations, labora-
tory and radiograph ordering and interpretation,
and disposition. Never do something you are not
comfortable with, despite a consultant’s recom-
mendation.

Enjoy the privilege of providing emergency
care to all patients.
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2 Airway management

S.V. Mahadevan, MD and Shannon Sovndal, MD

Scope of the problem

Airway management is arguably the single most
important skill taught to and possessed by emer-
gency physicians. It represents the “A” of the
mnemonic ABC (Airway, Breathing, Circulation),
which forms the foundation for the resuscitation
of critically ill and injured patients. Airway man-
agement encompasses the assessment, establish-
ment and protection of the airway in combination
with effective oxygenation and ventilation. Timely
effective airway management can mean the dif-
ference between life and death, and takes prece-
dence over all other clinical considerations with
the sole exception of immediate defibrillation of
the patient in cardiac arrest due to ventricular
fibrillation.

This chapter reviews airway anatomy and
assessment, approaches for noninvasive airway
management, and indications and techniques for
definitive airway management. The approach to
the challenging patient with a difficult or failed

Nasal cavity

airway will also be explored, as well as specialized
devices, techniques and medications employed
in these challenging clinical situations.

Anatomic essentials

A clear understanding of airway anatomy is
requisite for advanced airway management.
Internally, the airway is made up of many struc-
tures and well-defined spaces. It originates at the
nasal and oral cavities (Figure 2.1). The nasal cav-
ity extends from the nostrils to the posterior
nares or choana. The nasopharynx extends from
the end of the nasal cavity to the level of the soft
palate. The oral cavity is bounded by the teeth
anteriorly, hard and soft palate superiorly and
the tongue inferiorly. The oropharynx, which com-
municates with the oral cavity and nasopharynx,
extends from the soft palate to the tip of the
epiglottis. The oropharynx continues as the laryn-
gopharynx (hypopharynx), which extends from the

Nasopharynx

Oral cavity

Oropharynx
Vallecula

Epiglottis

Laryngeal inlet

Laryngopharynx

Larynx

Figure 2.1
Lateral view of airway anatomy.

Glottis
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epiglottis to the upper border of the cricoid cartil-
age (level of the C6 vertebral body). The larynx
lies between the laryngopharynx and trachea.
The flexible epiglottis, which originates from
the hyoid bone and the base of the tongue, covers
the glottis during swallowing and protects the

(a)

(b)

Figure 2.2

airway from aspiration. During laryngoscopy,
the epiglottis serves as an important landmark
for airway identification and laryngoscope pos-
itioning (Figure 2.2). The vallecula is the space at
the base of the tongue formed posteriorly by the
epiglottis and anteriorly by the anterior pharyngeal

(a) Position of laryngoscope blade when using a curved blade (b) Operator’s
view of anatomy. Reproduced with permission, PALS Provider Manual, ©
2002, Copyright American Heart Association.
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wall. The laryngeal inlet is the opening to the lar-
ynx bounded by the epiglottis, aryepiglottic
folds and arytenoid cartilages. The glottis is the
vocal apparatus, including the true and false
vocal cords and the glottic opening. The glottic
opening is the opening into the trachea (as seen
from above) through the vocal cords, and lies
inferior and posterior to the epiglottis.

Externally, specific identifiable landmarks are
important to airway assessment and manage-
ment (Figure 2.3). The mentum is the anterior
aspect of the mandible and represents the tip of
the chin. The hyoid bone forms the base of the
floor of the mouth. The thyroid cartilage forms the
laryngeal prominence (“Adam’s apple”) and thy-
roid notch. The cricoid cartilage, lying inferior to
the thyroid cartilage, forms a complete ring that
provides structural support to the lower airway.
The cricothyroid membrane lies between the thyroid
and cricoid cartilage, and serves as an important
site for surgical airway management.

Initial airway assessment

The initial assessment of airway patency and
respiratory function focuses on determining:

1. whether the airway is open and protected;
2. if breathing is present and adequate.

This is carefully achieved through inspection,
auscultation and palpation.

The patient should be observed for objective
signs of airway compromise. Agitation may
represent hypoxia, obtundation suggests hyper-
carbia, and cyanosis indicates hypoxemia.

The patient’s respiratory rate and pattern are
important. Bradypnea or tachypnea may be signs
of impending respiratory compromise. Respira-
tory muscle fatigue may result in the recruitment
of accessory muscles of respiration, clinically
manifested as suprasternal, supraclavicular or
intercostal retractions. Look for a symmetrical
rise and fall of the chest. A significant traumatic
injury to the chest may result in paradoxical or
discordant chest wall movement.

The presence or absence and quality of speech
may be used to identify airway abnormalities.
A normal voice suggests that the airway is
adequate for the moment. Stridor, a high-pitched
inspiratory sound, may be associated with partial
airway obstruction at the level of the larynx
(inspiratory stridor) or the trachea (expiratory
stridor). Snoring usually indicates partial airway
obstruction at the pharyngeal level, while hoarse-
ness suggests a laryngeal process. Aphonia in the
conscious patient is an extremely worrisome sign;
a patient who is too short of breath to speak is in
grave danger of impending respiratory collapse.

Hyoid bone

Thyroid membrane
Thyroid notch

Laryngeal prominence

Thyroid cartilage

Cricothyroid membrane

Cricoid cartilage

Tracheal rings

Figure 2.3
External airway anatomy.

Thyroid gland
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The central face and mandible should be
inspected and palpated for structural integrity;
injuries to these structures may lead to airway
distortion or loss. The anterior neck should be
carefully inspected for penetrating wounds, asym-
metry or swelling that may herald impending air-
way compromise. The palpation of subcutaneous
air suggests a direct airway injury.

Feel for air movement at the mouth and nose.
Open the mouth and inspect the upper airway,
taking care not to extend or rotate the neck. Look
for and remove any vomitus, blood or other for-
eign material. Identify swelling of the tongue or
uvula, sites of bleeding, or other visible abnormal-
ities of the oropharynx. Gentle use of a tongue
blade may facilitate this task. The patient’s ability
to spontaneously swallow and handle secretions
is an important indicator of intact protective air-
way mechanisms. In the unconscious patient, the
absence of a gag reflex has traditionally been
associated with loss of protective airway reflexes.

Auscultation should demonstrate clear and
equal breath sounds. Diminished breath sounds
may be the result of pneumothorax, hemothorax
or pleural effusion. Wheezing and dyspnea imply
lower airway obstruction.

In pediatric patients, visual signs of possible
airway and respiratory compromise include
tachypnea, cyanosis, drooling, nasal flaring and
intercostal retractions. A child with severe upper
airway obstruction may get in to the “sniffing
position” to straighten the airway and reduce
occlusion. A child with severe lower airway
obstruction may assume the “tripod” posture —
sitting up and leaning forward on outstretched
arms — to augment accessory muscle function.

Noninvasive airway
management
Opening the airway

Ensuring airway patency is essential for adequate
oxygenation and ventilation, and is the first pri-
ority in airway control. The conscious patient
uses the musculature of the upper airway to
maintain patency, and protective reflexes to pro-
tect against aspiration of foreign substances, gas-
tric contents or secretions. In the severely ill,
compromised or unconscious patient, these pro-
tective airway mechanisms may be impaired
or lost.

Upper airway obstruction in the unconscious
patient is most commonly the result of posterior

displacement of the tongue and epiglottis at the
level of the pharynx and larynx. This occlusion
results directly from loss of submandibular mus-
cle tone, which provides direct support to the
tongue and indirect support to the epiglottis.

Simple bedside maneuvers can correct this
occlusion and reestablish airway patency and
airflow. The head tilt with chin lift (Figure 2.4) is a
simple, effective technique for opening the air-
way, but should be avoided in any patient with a
potentially unstable cervical spine. The jaw thrust
without head tilt (Figure 2.5), however, can be per-
formed while maintaining cervical spine align-
ment. Although these techniques work well, they
require the continuous involvement of a single
provider to maintain airway patency.

Figure 2.4
Head tilt with chin lift.

Figure 2.5
Jaw thrust without head tilt.
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Several airway adjuncts have been developed
to maintain airway patency while freeing the
health care provider to perform other duties. The
oropharyngeal airway (OPA) is an S-shaped device
designed to hold the tongue off the posterior pha-
ryngeal wall while providing an air channel and
suction conduit through the mouth (Figure 2.6). It
is most effective in patients who are spontaneously
breathing but lack a gag or cough reflex. The use
of an OPA in a patient with a gag or cough reflex is
contraindicated as it may stimulate vomiting or
laryngospasm. The OPA comes in various sizes to
accommodate children through large adults. The
proper OPA size is estimated by placing the OPA’s
flange at the corner of the mouth; the distal tip of
the device should reach the angle of the jaw.

Figure 2.6
Oropharyngeal airway.

The nasopharyngeal airway (NPA) is an uncuffed
trumpet-like tube made of soft rubber or plastic
that provides a conduit for airflow between the
nares and pharynx (Figure 2.7). It is commonly
used in intoxicated or semiconscious patients
who do not tolerate an OPA. It is also effective
when trauma, trismus (“clenched teeth”) or
another obstacle (e.g., wiring of the teeth) pre-
clude the placement of an OPA. Proper NPA
length is determined by measuring the distance
from the tip of the nose to the tragus of the ear.
Though OPAs and NPAs help establish artificial
airways, they do not provide definitive airway
protection from aspiration.

Supplemental oxygen

Oxygen (O,) should be administered to all ser-
iously ill or injured patients with cardiac disease,

Figure 2.7
Nasopharyngeal airway.

respiratory distress, shock or trauma, even if their
measured arterial O, tension is normal. A variety
of O, delivery techniques may be employed
depending on the desired O, concentration and
clinical circumstance (Table 2.1). Administration
should begin at a high level and then be titrated
downward. Though O, should never be withheld
from a hypoxic patient with respiratory distress,
care should be exercised when treating patients
with chronic hypercarbia, such as patients with
chronic obstructive pulmonary disease (COPD).
Unmonitored treatment of these patients with
high O, concentrations can result in respiratory
depression from loss of their hypoxic ventilatory
drive.

Ventilation

Despite an open airway and supplemental O,, a
patient who is not adequately ventilating cannot
conduct meaningful gas exchange. Adequate ven-
tilation implies inhalation of enough air to deliver
O, to the alveoli and exhalation of enough air to
facilitate the removal of carbon dioxide (CO,).
The sequence of interventions for the inad-
equately-ventilating patient is opening the airway
followed by bag-valve-mask (BVM) ventilation.
The self-inflating ventilation bag with face mask
provides an emergent means of ventilation. It is
equipped with several valves that allow for coor-
dinated flow of air into and out of the patient.
This includes a non-rebreathing valve that allows
exhaled CO; to escape into the atmosphere with-
out being entrained back into the lungs. When

Principles of emergency medicine 23

usweabeuew Aemiry



juswabeuew Aemiry

Table 2.1 Oxygen delivery techniques

O, delivery Flow rate Concentration
technique (L/minute) delivered (%)
Nasal cannula 1-6 24-44

Simple face mask 6-10 35-60

Venturi mask 2-12 24-60

Face mask with 12-15 60-90

O, reservoir

Bag-valve-mask 15 100

Blow-by 6-10 Varies

Other

Inspired O, concentration depends on flow rate and
patient’s tidal volume

May promote CO, retention at lower flow rates

Accurately controls proportion of inspired O,
Use in patients with chronic hypercarbia (i.e., COPD)

Provides high inspired O, concentration

Provides the highest inspired O, concentration

For infant or young child who will not tolerate face
mask or cannula

COPD: chronic obstructive pulmonary disease; O,: oxygen.

attached to a high-flow O, source (10-15L/
minute), the BVM can supply an O, concentra-
tion of nearly 100%. The adapter for the face
mask is interchangeable with an endotracheal
tube (ETT), so the same bag can be used post-
intubation.

The use of the BVM is a vital emergency skill.
Competence with the BVM is a prerequisite for
using paralytic agents to intubate a patient.
Substantial proficiency is required to use one
hand to maintain an adequate mask seal, position
the patient’s head, and assure airway patency,
while using the other hand to ventilate. Although
mastery of solo BVM technique is imperative,
recruitment of another individual allows one per-
son to perform a jaw thrust and ensure a good
mask seal with both hands while the second indi-
vidual squeezes the bag.

The effectiveness of BVM ventilation can be
determined by watching the chest rise and fall,
feeling the resistance in the bag and monitoring
the patient’s O, saturation.

Indications for definitive
airway management

A definitive airway implies “patency and pro-
tection.” This requires an ETT in the trachea
secured in place, with the cuff inflated, and
attached to an O,-rich ventilation device. The
inability or failure to secure a definitive airway in
a timely manner can have disastrous consequences
for the patient.

Though the ultimate decision to intubate a
patient is often complicated and may depend
on a variety of clinical factors, there are five
fundamental reasons that patients require defini-
tive airway management:

1. Failure of ventilation or oxygenation

2. Inability to maintain or protect the airway

3. Potential for deterioration based on the
patient’s clinical presentation

4. Delivery of treatment

5. Patient saftey and protection

Failure to ventilate or oxygenate

The patient who is inadequately ventilating
despite maximal clinical therapy or remains
severely hypoxemic despite supplemental O, may
need intubation. The decision to intubate these
patients is based on a combination of clinical
findings including general appearance, perfusion
status, work of breathing, O, saturation and clin-
ical course. Intubation allows for the delivery of
higher concentrations of O, as well as positive-
pressure ventilation which tends to improve most
circumstances of hypoxia and ventilatory failure.

Inability to maintain or protect the
airway

An open airway is required for adequate oxygen-
ation and ventilation. Patients who are unable to
swallow spontaneously and handle their secre-
tions, or lack a gag reflex, are at risk for aspiration.
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Though repositioning maneuvers (chin lift, jaw
thrust) or airway adjuncts (OPA, NPA) may serve
as temporizing measures, they do not provide
definitive airway protection from aspiration,
which carries a significant associated morbidity
and mortality. Therefore, patients who are unable
to maintain or protect their own airway need
intubation. The exception to this rule is the patient
with a rapidly reversible condition, such as a nar-
cotic overdose or dysrhythmia.

Potential for deterioration based on
the patient’s clinical presentation

Anticipating airway compromise before it occurs
is one of the most challenging aspects of emer-
gency airway management. Certain conditions
mandate the need for definitive airway manage-
ment even in the absence of specific airway, ven-
tilatory or oxygenation failure. This decision to
intubate is based on anticipated anatomic or
physiologic airway deterioration or ventilatory
compromise. For example, the decision to intubate
an awake, talking patient with a suspected ther-
mal injury to the airway may be difficult but nec-
essary to avoid future airway occlusion and
compromise. Delaying definitive airway manage-
ment in this patient could allow for the interval
development of significant airway edema, mak-
ing endotracheal intubation extremely difficult if
not impossible. Other patients in whom early air-
way management should be considered include
those with significant facial fractures, penetrat-
ing neck trauma, tracheal or laryngeal injuries,
severe head injury, multiple trauma, sustained
seizure activity or certain overdoses (e.g., tricyclic
antidepressant).

Delivery of treatment

The ETT may also provide a route for lifesaving
medications or therapy (e.g., rewarming) to a
critical patient. In the patient with unobtainable
or delayed intravenous (IV) access, an often
overlooked method of medication administra-
tion is ETT delivery. Narcan, Atropine, Versed
(Midazolam), Epinephrine and Lidocaine can be
administered through the ETT, and can be
remembered by the mnemonic NAVEL. The
absorption and extent of medication delivery
via ETT is typically reduced; therefore, tracheal
doses should be 2—4 times the IV dose. Addition-
ally, a hypothermic patient can be gradually
rewarmed via heated, humidified O, continu-
ously delivered via the ETT.

Patient safety and protection

Agitated, combative or confused patients may
harm themselves in certain clinical situations,
making them candidates for prophylactic intub-
ation. For an agitated multiple trauma patient
with an unstable cervical spine injury, sedation
and intubation may be the only safe way to
adequately immobilize and protect the patient
during the initial assessment, diagnosis and
treatment.

Definitive airway
management
Immediate “crash” intubation

Patients with respiratory arrest, agonal respir-
ations or deep unresponsiveness require immedi-
ate intubation without the use of supplemental
medications. The advantages of this approach
are technical ease and immediacy. Disadvantages
include the potential for increased intracranial
pressure (ICP) from the stress of intubation, as
well as possible emesis and aspiration.

Rapid sequence intubation

Rapid sequence intubation (RSI) is a series of
defined steps intended to allow for rapid oral
intubation of a patient without BVM ventilation.
Given that most patients requiring emergent
intubation have not fasted and may have full
stomachs, BVM ventilation may inadvertently
lead to gastric distention and increase the risk
of aspiration. To avoid this complication, the
patient is first pre-oxygenated with 100% supple-
mental O, to allow for a period of apnea without
assisted ventilation. This is followed by the
sequential administration of an induction agent
and a rapidly-acting neuromuscular blocking
agent (NMBA) to induce a state of unconscious-
ness and paralysis, respectively. The patient may
then be intubated without the need for BVM
ventilation.

The steps making up RSI can be thought of as
nine “Ps” (Table 2.2).

Possibility of success

The patient should be carefully evaluated for a
potentially difficult airway, and assessed for ease
of BVM ventilation should the intubation prove
difficult or impossible.
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Table 2.2 The nine P’s of Rapid Sequence Intubation

Time Action

0 — 10 minutes Possibility of success

0 — 10 minutes Preparation

0 — 5 minutes Pre-oxygenation

0 — 3 minutes Pretreatment

Time zero Paralysis (with induction)

0 + 20-30 seconds Protection and positioning

0 + 45 seconds Placement

0 + 45 seconds Proof

0 + 1 minute Post-intubation management

Anticipating the difficult airway

When evaluating a patient for ease of intubation
and ventilation, it is important to use a consistent
approach. A logical easily-remembered approach
to identifying the difficult airway is the LEMON
law (Look externally, Evaluate the 3-3-2 rule,
Mallampati, Obstruction, Neck mobility).

Look externally

A brief and targeted exam of the jaw, mouth,
neck and internal airway may help identify
features that predict a difficult airway. Initial
inspection should identify anatomic features
such as morbid obesity, abnormal facial shape,
facial or neck trauma, large or abnormal teeth,
protruding tongue or the presence of facial hair
that may pose a challenge to intubation, ventila-
tion or both. An abnormal facial shape, extreme
cachexia, a “toothless” mouth with sunken cheeks,
trauma to the lower face or facial hair may pre-
vent an adequate seal for effective BVM ventila-
tion. Large buckteeth or central incisors, a
receding mandible or short bull-neck may provide
anatomic barriers to oral intubation. Obesity
generally makes intubation and ventilation more
challenging. Some of these features may also be
remembered by the mnemonic BONES (Beard,
Obese, No teeth, Elderly, Sleep apnea/snoring.)

Evaluate the 3-3-2 rule

The 3-3-2 rule describes the ideal dimensions of
the airway that facilitate direct visualization
of the larynx. It is easily remembered as three (of
the patient’s) fingers in the mouth, three fingers

under the chin and two fingers at the top of the
neck. The ability to accommodate three fingers in
the mouth indicates an adequate mouth opening.
Three fingers from the tip of the chin (mentum)
to the floor of the mouth (hyoid bone) indicate
the patient’s mandible is large enough to accom-
modate a normally-sized tongue. A small man-
dible and large tongue may obstruct access to the
larynx during intubation. Finally, two finger’s
breadth from the floor of the mouth (hyoid bone)
to the thyroid cartilage indicates an adequate
neck length and laryngeal position. A high or
anteriorly-placed larynx may be very difficult to
visualize during laryngoscopy:.

Mallampati

The Mallampati classification is a scale (I-IV)
used to predict the ability of a patient’s mouth to
accommodate both the laryngoscope and ETT. To
determine a patient’s classification, ask the
patient to extend their neck, open their mouth as
widely as possible and stick out their tongue
without phonating. The degree to which the base
of the tongue, faucial pillars, uvula and posterior
pharynx are visible determines the Mallampati
class (Figure 2.8). Class I and II predict greater
oral access for the laryngoscope and superior
laryngeal exposure, thereby portending a greater
likelihood of successful intubation. In the case
of Class III and IV scores, the tongue is large
in relation to the oral cavity, signifying limited
oral access, a limited view and higher intubation
failure rates.

Obstruction of the airway

Upper airway obstruction can make intubation
and ventilation difficult if not impossible. When
time allows, patients should be screened for the
presence of upper airway infections (epiglottitis,
peritonsillar abscess, preverterbral abscess), laryn-
geal masses or tumors, or any other upper airway
conditions that may complicate laryngoscopy
and BVM ventilation. Foreign bodies, extrinsic
airway compression and direct airway trauma
(including the possibility of airway disruption)
should be considered strong evidence of an
obstruction that could hinder or preclude intub-
ation and ventilation.

Neck mobility

Proper mobility and alignment of the head and
neck can facilitate laryngoscopy and intubation.
Certain conditions such as cervical spine immo-
bilization and degenerative arthritis may limit
mobility and complicate intubation.
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Class Il

Class |

Figure 2.8

Class Ill Class IV

Mallampati classification. The classification of tongue size relative to the size of the oral cavity as described by
Mallampati and colleagues. Class I: faucial pillars, soft palate, and uvula visualized. Class Il: faucial pillars and
soft palate visualized, but the uvula is masked by the base of the tongue. Class llI: only the base of the uvula
can be visualized. Class IV: none of the three structures can be visualized.

Preparation

Prior to initiating RSI, careful preparation is
essential to achieving success. This point
cannot be emphasized enough. The SOAP ME
mnemonic is used to summarize the necessary
preparatory steps.

SOAP ME

Suction
Suction should be tested and available at the
bedside.

Oxygen
Ahigh flow O, mask and BVM ventilation device
should be ready for use.

Airway equipment

At least two functioning laryngoscope handles
and the appropriately-sized and shaped laryngo-
scope blades should be available. The anticipated
blade of choice should be clicked into position to
ensure that the light functions properly. An ETT
should be chosen based on the patient’s anatomy,
and one smaller size should be prepared as well.
The typical adult male will accept a 7.5- or 8.0-size
ETT, the typical adult female a 7.0- or 7.5-size
ETT. In children, the ETT size may be estimated by
the formula ETT size = 4 + (age in years/4). The
ETT cuff should be inflated to test for an air leak.
Astylet should be inserted within the ETT to shape
it into a configuration that will facilitate insertion
into the airway. This configuration varies between
physicians, although most prefer a gentle curve at
the distal portion to a near 45-degree angle. Care
must be taken to ensure that the tip of the stylet

does not protrude from the end of the ETT or
through the small distal side port (Murphy’s eye).
Preparation of the ETT with the stylet inserted is
recommended, as it is easier to remove a stylet (if
not needed) than to add one during RSI.

Pharmacy

The patient should have at least one IV line,
and patency should be ensured. The specific RSI
medications, proper dosing and sequence of
administration should be determined, and the
agents drawn up and labeled.

Monitoring Equipment

Cardiac blood pressure and pulse oximetry mon-
itoring are mandatory for all patients. If avail-
able, an end-tidal CO, (ETCO,) monitor should
be prepared as well.

Respiratory therapy should be at the bedside,
as they play a crucial role in assisting with airway
management, including securing the ETT and
post-intubation care. When dealing with a com-
plicated airway, anesthesiology or ear, nose and
throat (ENT) specialists should be called in to
assist with airway management.

Pre-oxygenation

During RSI, the process of direct laryngoscopy
and ETT placement precludes the delivery of O, to
the paralyzed apneic patient, which could lead to
arterial O, desaturation (<90%). Pre-oxygenation
establishes an O, reservoir within the patient’s
lungs and body tissues that allows for a period of
prolonged apnea without detrimental arterial O,
desaturation. This is accomplished through the
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Table 2.3 Pretreatment medications: LOAD

Drug Indication Mechanism Adult dose  Pediatric Notes
(v) dose (IV)
Lidocaine TICP, RAD  intracranial response 1.5 mg/kg 1.5mg/kg
to intubation, mitigates
bronchospasm in RAD
Opioid T ICP, ischemic Blunts sympathetic 3-6mcg/kg  1-3mcg/kg Use with caution
(fentanyl) heart disease, response to in young children
aortic dissection laryngoscopy
Atropine Children SP < 10 years Mitigates bradycardic =~ 2.0mg 0.02mg/kg
Adults receiving a response to SCh (minimum dose
second dose of SCh 0.1mg)
Defasciculation T ICP or globe Defasiculates and 0.01 mg/kg 0.01 mg/kg Only for adults
(pancuronium, injury mitigates ICP and children
vecuronium) response to SCh >20kg

ICP: intracranial pressure; LOAD: lidocaine, opioid, atropine, defasciculation; RAD: reactive airway disease;

SCh: succinylcholine.

administration of 100% O, to the patient for
5 minutes prior to paralysis, effectively leading
to “nitrogen washout.” This replaces room air (80%
nitrogen, 20% O,) in the lung with nearly 100% O,.

The time to desaturation following pre-
oxygenation is determined by the duration of pre-
oxygenation as well as the patient’s age and body
habitus. Children and obese adults tend to desat-
urate more rapidly than typical adults.

A non-rebreather O, mask delivers O, concen-
trations in the range of 70-75%. A ventilation bag
and mask placed over the patient’s mouth and
nose (without actively bagging) delivers 100% O,
to the patient. In circumstances where time is
limited, a patient can be quickly pre-oxygenated
by taking eight vital capacity (the largest possi-
ble) breaths in rapid succession from a 100% O,
source.

Pretreatment

During RSI, the use of succinylcholine (SCh), a
depolarizing NMBA, and the act of intubation
can lead to a number of adverse effects including
increased ICP, increased intraocular pressure,
increased intragastric pressure, bronchospasm in
patients with reactive airway disease, increased
sympathetic discharge and bradycardia (especially
in children).

Selected pretreatment medications may be
given to mitigate these adverse effects; they may
be remembered using the mnemonic LOAD (Lido-
caine, Opioid, Atropine, Defasciculation). These

medications, their indications, mechanisms of
action and doses are summarized in Table 2.3.

Paralysis (with induction)

The next step in RSl is the rapid IV administration
of an induction agent followed immediately by
an NMBA to induce complete motor paralysis.

Induction agents

All patients with few exceptions (i.e., benzodi-
azepine overdose) should receive an induction
agent prior to neuromuscular blockade. Induc-
tion agents induce complete loss of consciousness
prior to NMBA-induced paralysis. Paralysis with-
out sedation can lead to detrimental physiologic
and undesirable psychologic sequelae. When com-
bined with NMBAs, induction agents also enhance
muscle relaxation, thereby creating improved
intubating conditions.

There is no single induction agent of choice for
RSI in the ED. The choice of an induction agent is
based on the patient’s clinical circumstance and
the agent’s attributes. The most commonly used
induction agents are discussed below and sum-
marized in Table 2.4.

Etomidate

Etomidate is a non-barbiturate sedative-hypnotic
agent. For most ED patients, it is the induction
agent of choice for RSI. It has a rapid onset, brief
duration of action and causes minimal respira-
tory and myocardial depression. Etomidate is the
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Table 2.4 Induction agents

Induction Induction Onset of
agents dose (IV) action
Barbiturates

Thiopental 3-6 mg/kg (adult) <30sec

1-3mg/kg (elderly)

Methohexital 1-3mg/kg <30sec
Benzodiazepines

Midazolam 0.2-0.3 mg/kg 30-60sec
Etomidate 0.3mg/kg 15-45sec
Ketamine 1-2mg/kg 45-60sec
Propofol 1.5-3mg/kg 15-45sec

Duration of Benefits Precautions
action
5-10min licp lBP
Laryngospasm
5-10min licp lBP
Short duration Laryngospasm
Seizures
15-30 min Reversible Apnea
Amnestic No analgesia
Anticonvulsant  Variable dosing
3-12min licp Myoclonic jerks
Rarely | BP Vomiting
No analgesia
10-20 min TBP T Secretions
Bronchodilator T ICP
Dissociative Emergence
amnesia phenomenon
5-10min

BP: blood pressure; ICP: intracranial pressure; IOP: intraocular pressure.

most hemodynamically stable of the currently
available induction agents. Even so, the dose
should be reduced by 50% to 0.15mg/kg in unsta-
ble patients. Etomidate reduces cerebral blood
flow and cerebral metabolic O, demand without
adversely affecting cerebral perfusion pressure.
Due to such cerebroprotective effects and its
unique hemodynamic stability, etomidate is con-
sidered the induction agent of choice in patients
with elevated ICP. Side effects of etomidate
include vomiting, pain at the injection site,
myoclonic movements and hiccups. Adverse
effects from cortisol suppression have not been
reported with one-time use in the ED.

Ketamine

Ketamine is a dissociative anesthetic derived from
phencyclidine (PCP) that induces a cataleptic
state rather than true unconsciousness. It results
in analgesia, amnesia and anesthesia. Ketamine
stimulates the endogenous release of cat-
echolamines causing a rise in heart rate, blood
pressure, myocardial consumption and bron-
chodilation. For this reason, it is the induction
agent of choice for hypotensive, hypovolemic or
bronchospastic patients requiring intubation.
Care should be taken in patients with ischemic

heart disease. As ketamine increases ICP, cere-
bral blood flow, and cerebral metabolic rate, it is
generally avoided in patients with potentially
increased ICP. Ketamine is known to enhance
laryngeal reflexes, increase airway secretions
and precipitate laryngospasm. For this reason,
atropine 0.02mg/kg IV may be given in conjunc-
tion with ketamine to promote a drying effect.
Ketamine may produce an unpleasant emergence
phenomenon, including hallucinations or fright-
ening dreams in the first 3 hours after awaken-
ing. Such reactions are more common in adults
than children and can be reduced through the
concomitant administration of a benzodiazepine
such as lorezepam (0.05mg/kg) or diazepam
(0.2mg/kg) after intubation.

Thiopental and methohexital

The barbiturates thiopental and methohexital are
short-acting sedative-hypnotic agents that pro-
vide no analgesia. The benefits of these agents
are their short onset of action and rapid depres-
sion of central nervous system (CNS) activity.
These agents also reduce ICP by reducing cere-
bral blood flow, and provide cerebroprotective
effects through reductions in cerebral metabolic
O, consumption (while still maintaining cerebral
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perfusion pressure). Their major disadvantage is
their propensity to induce significant hypoten-
sion from myocardial depression and venodila-
tion. For this reason, these agents are best avoided
in hypotensive patients. Other side effects of
thiopental include central respiratory depres-
sion, histamine release (avoid use in asthmatic
patients), tissue injury and necrosis with extra-
vasation. It is contraindicated in patients with
porphyria. Methohexital is shorter-acting and
more potent than thiopental, and not surprisingly
associated with more profound hypotension and
respiratory depression.

Propofol

Propofol is an alkylphenol derivative with hyp-
notic properties. It is rapid acting and has a short
duration of action. Although it blunts the potential
rise in ICP associated with intubation, it adversely
reduces cerebral perfusion pressure as well as
systemic blood pressure. As a result, propofol is
uncommonly used for induction in the ED.

Midazolam

Midazolam and other benzodiazepines cause
amnesia, anxiolysis, central muscle relaxation,
sedation, and hypnosis. They also have anticon-
vulsant effects. As induction agents, their pri-
mary indications are to promote sedation and
amnesia, their greatest asset. A drawback to their
use is their great dosing variability, depending
on the patient’s gender and age. Midazolam is a
myocardial depressant and reduces systemic
vascular resistance. It should be used with cau-
tion in elderly patients and those with hemody-
namic compromise. Though midazolam may be
used as the primary induction or adjunctive
agent during RSI, it is more commonly utilized
for sedation in combination with an analgesic
agent in patients who are intubated.

Neuromuscular blockade
NMBAs do not provide analgesia, sedation or
amnesia; they are used to paralyze the patient,
facilitating rapid endotracheal intubation. The
ideal NMBA would have a rapid onset, a short
duration of action and few adverse side-effects.
SCh, a depolarizing NMBA, comes closest to
meeting all of these traits and is the most com-
monly used NMBA in the ED. At the neuromus-
cular junction, SCh binds tightly to acetylcholine
receptors, causing depolarization of the motor
endplate and muscle contraction. Clinically, this
initially manifests as muscle fasciculations
followed by paralysis. IV administration of SCh

results in muscle fasciculations within 10-15
seconds followed by complete paralysis after
45-60 seconds. Because of its short duration of
action, patients may begin spontaneously breath-
ing within 3-5 minutes.

The dose of SCh is 1.5mg/kg rapid IV push in
adults. In children <10 years of age, the recom-
mended dose is 2mg/kg rapid IV push. In new-
borns, use 3mg/kg rapid IV push. There is little
harm to giving too much SCh; however, giving
too little SCh can result in an inadequately para-
lyzed patient and affect one’s ability to success-
fully intubate.

The main drawback to SCh are its side effects,
including muscle fasciculations, bradycardia,
hyperkalemia, prolonged neuromuscular block-
ade, trismus (masseter spasm) and malignant
hyperthermia. The muscle fasciculations are asso-
ciated with rises in ICP, intragastric and intra-
ocular pressure, and can be inhibited through the
use of a defasciculating dose of a non-depolarizing
NMBA. The bradycardia that follows the admin-
istration of SCh most commonly occurs in children
and can be avoided by pretreatment with atropine
(0.02mg/kg). Under usual circumstances, SCh
induces a small but clinically insignificant rise in
serum potassium of 0.5mEq/L. However, in
large burns, crush injuries, denervation or neuro-
muscular disorders, the administration of SCh
may lead to an exaggerated rise in potassium
levels of 5-10mEq/L and result in hyperkalemic
dysrhythmias or cardiac arrest. Fortunately, the
hyperkalemia risk is not immediate in these
patients but occurs typically 2-7 days post-event,
depending on the injury or underlying process.

Non-depolarizing NMBAs such as rocuronium
compete with acetylcholine for receptors at the
neuromuscular junction, thereby causing paraly-
sis. Although these agents are commonly used as
defasciculating agents or for post-intubation
patient management, they may also be used as
the primary RSI paralytic agent in specific patient
populations or in patients who have a con-
traindication to SCh. They have much fewer side
effects than SCh but are generally less effective
for intubation because of their delayed time to
paralysis, prolonged duration of action, or both.

Specific attributes of the depolarizing and non-
depolarizing NMBAs are listed in the Table 2.5.

Protection

Following the administration of induction and
paralytic agents, the patient will predictably lose
consciousness and become apneic. Sellick’s
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Table 2.5 Neuromuscular blocking agents

Neuromuscular Intubating
blocking agent dose (IV)
Depolarizing agent

Succinylcholine 1.5mg/kg (adult)
2mg/kg (child)
3mg/kg (infant)

Non-depolarizing

Rocuronium 1.0mg/kg
Vecuronium 0.15mg/kg
Pancuronium 0.1 mg/kg

maneuver (cricoid pressure) should be applied
by an assistant just as the patient is noted to lose
consciousness. This application of firm pressure
(10Ib) to the cricoid cartilage compresses the
esophagus and prevents passive regurgitation of
gastric contents (Figure 2.9). Sellick’s maneuver
should be maintained until the ETT has been
placed, its position verified, and the cuff inflated.

Figure 2.9
Cricoid pressure (Sellick’'s maneuver).

If Sellick’s maneuver is applied too early, the
patient may find it uncomfortable or vomit. This
maneuver should be discontinued if the patient is
actively vomiting because of the risk of esophageal
rupture.

Positioning

Based on the patient’s age, anatomy and other
conditions (cervical arthritis, cervical spine pre-
cautions), the patient should be carefully pos-
itioned in the manner that increases the odds of
successful intubation.

Onset Duration
45-60 sec 6-12min
50-70sec 30-60 min
90-120 sec 60—75min
100-150sec 120-150 min

The airway can be thought of as having three
separate axes: the oral, pharyngeal and laryn-
geal. Proper positioning prior to laryngoscopy
helps align these axes and improve visualization
of the glottis. In the neutral position, these axes
are misaligned (Figure 2.10).

Figure 2.10

Head on bed, neutral position. PA: pharyngeal axis; OA:
oral axis; LA: laryngeal axis. Reproduced with permission
from Walls RM et al, Manual of Emergency Airway
Management, 2nd ed. and Companion Manual to the
Airway Course (www.theairwaysite.com), Lippincott
Williams & Wilkins, 2004.

Placing a small pillow under the patient’s
occiput flexes the lower cervical spine relative to
the torso and aligns the pharyngeal and laryn-
geal axes (Figure 2.11). Positioning the patient in
the “sniffing” position with extension of the head
on the neck aligns all the three axes (Figure 2.12).

Patients with possible cervical spine injury
should be maintained in the neutral position.

Placement

After the administration of SCh, the patient will
predictably have muscle fasciculations followed
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Figure 2.11

Head elevated on pad, neutral position. PA: pharyngeal
axis; OA: oral axis; LA: laryngeal axis. Reproduced with
permission from Walls RM et al, Manual of Emergency
Airway Management, 2nd ed. and Companion Manual to
the Airway Course (www.theairwaysite.com), Lippincott
Williams & Wilkins, 2004.

Figure 2.12

Head elevated on pad, head extended on neck. PA:
pharyngeal axis; OA: oral axis; LA: laryngeal axis.
Reproduced with permission from Walls RM et al, Manual
of Emergency Airway Management, 2nd ed. and
Companion Manual to the Airway Course (www.
theairwaysite.com), Lippincott Williams & Wilkins, 2004.

by paralysis and apnea. If the patient has been
adequately pre-oxygenated, arterial O, satura-
tions will remain normal despite apnea.
Complete muscular paralysis can be confirmed
by gently grasping the patient’s mandible and
checking for flaccidity. It is important to wait
until the patient is completely paralyzed before
proceeding with intubation.

With the laryngoscope in the left hand, the
mouth is opened with the right hand. The laryn-
goscope is gently inserted into the right side of

the patient’s mouth, and the tongue is displaced
to the left. The curved (Macintosh) blade is slid
into the vallecula; the straight (Miller) blade is
positioned below the epiglottis. The laryngoscope
handle is advanced along the axis of the blade at
an angle of 45° to the patient’s body. Care should
be taken not to use the teeth as a fulcrum for the
laryngoscope.

If the glottic aperture is not readily visible, the
intubator or an assistant may perform the BURP
(Backward, Upward, Rightward Pressure) maneu-
ver. The hand is placed on the thyroid cartilage
followed by the application of BURP to help
bring the glottis into the intubator’s view (Figure
2.13). The resulting displacement of the thyroid
cartilage backwards against the cervical verte-
brae, upward or as superiorly as possible, and
laterally to the right has been found to signifi-
cantly improve the view of the glottis during
laryngoscopy.

Figure 2.13
BURP maneuver: Backward, upward, rightward pressure.

With a clear view of the glottis, the right hand
gently inserts the ETT until the cuff is about
2-3 cm past the vocal cords. In the adult male, the
23 cm marker of the ETT will be located at the
corner of the mouth (21 cm in women). Once in
place, the stylet should be removed and the cuff
inflated until there is no audible air leak with
BVM ventilation.

Adequate pre-oxygenation will allow the
laryngoscopist several attempts at intubation
before arterial O, desaturation occurs. A dedicated
team member should be focused on the patient’s
cardiac rhythm, blood pressure and O, satura-
tion during laryngoscopy, and should alert the
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intubator to any abnormalities. After any unsuc-
cessful attempt, always recheck the patient’s posi-
tion and make needed adjustments. Consider
changing the size or type of laryngoscope blade.
It is important to change “something” prior to a
second look to ensure the same problem is not
encountered.

Proof: confirmation of endotracheal tube
placement

As inadvertent intubation of the esophagus can
occur during airway management, proper place-
ment of the ETT within the trachea needs to be
confirmed after every intubation. Sellick’s maneu-
ver should not be released until confirmation of
correct ETT placement. Failure to recognize an
esophageal intubation can be disastrous.

Methods used to confirm correct ETT place-
ment include clinical assessment, pulse oximetry,
ETCO, detection and aspiration techniques.
Chest radiography can be used to assess ETT
position but does not confirm ETT placement
within the trachea. Since the esophagus lies
directly behind the trachea, an ETT placed in the
esophagus may appear to be within the trachea
on an AP chest X-ray (CXR).

Clinical assessment

Classically, a combination of clinical observations
has been used to confirm correct ETT placement.
These include:

1. The laryngoscopist observing the ETT
pass through the vocal cords during
intubation

2. Auscultation of clear and equal breath
sounds over both lung fields

3. Absence of breath sounds when auscultating
over the epigastrium

4. Observation of symmetrical chest rise during
ventilation

5. Observation of condensation (“fogging”) of
the ETT during ventilation.

Though these clinical findings should be assessed
in every intubated patient, they are prone to error
as the sole means for confirming ETT placement.

Pulse oximetry

Continuous noninvasive pulse oximetry should
be standard for every patient being intubated.
A drop in the measured O, saturation following
intubation is worrisome for an esophageal intub-
ation; however, this drop may be delayed for

several minutes if the patient was adequately
pre-oxygenated, giving health care providers a
false sense of security. In certain patients (i.e.,
hypotensive), O, saturation measurements may
be unreliable or difficult to detect. Although
pulse oximetry is important, it should not be the
primary indicator of successful ETT placement.

End-tidal carbon dioxide (ETCO,) detection
Detection and measurement of exhaled CO, is a
highly reliable method for detecting proper place-
ment of the ETT within the trachea. It is achieved
through one of the three approaches:

Colorometric ETCO, detector is a small dispos-
able device that connects between the bag and
the ETT. When the device detects ETCO,, its col-
orometric indicator changes from purple to yel-
low; the absence of this color change indicates
the tube is incorrectly placed in the esophagus.
A false positive color change may occur if the
tube is placed just above the glottis. A false nega-
tive color change may occur (even with correct
ETT placement) in some cases of cardiac arrest
and profound circulatory collapse, as CO, pro-
duction and delivery to the lungs abruptly
declines.

Qualitative ETCO, detection devices use a
light indicator with an audible alert, as opposed
to a color change, to indicate the presence of
exhaled CO,. Many of these devices have alarms
that sound if the detection of ETCO, ceases.

Quantitative ETCO, detectors perform capno-
graphy, the graphic display of CO, concentrations
seen as a wave form on the monitor, or capno-
metry, the measurement and display of CO, con-
centrations.

Aspiration devices

Aspiration devices may also be used for confir-
mation of ETT placement. These work based on
the principle that the trachea is a rigid air-filled
structure, whereas the esophagus has collapsible
walls. Attempts to draw air through an ETT placed
in the esophagus will meet resistance from col-
lapse of the esophageal wall around the distal
ETT. Air will freely flow when drawn through an
ETT in the trachea.

The two commonly used aspiration appliances
are the bulb aspiration and the syringe aspiration
devices. The bulb aspiration device is a round
compressible plastic globe (“turkey baster”) which
is compressed and deflated before placement in
the ETT, and then released. If the bulb reexpands
rapidly, the ETT is likely in the trachea. Failure to
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reexpand or delayed reexpansion suggests that
the ETT is in the esophagus. Syringe aspiration
devices are large syringes (usually 30 ml) which
are inserted into the ETT. The syringe plunger is
then drawn back rapidly to allow the brisk aspi-
ration of a large amount of air. The rapid easy
flow of air suggests tracheal intubation, whereas
meeting resistance suggests an esophageal intu-
bation. Though these aspiration techniques are
easy to perform, they are not as reliable as ETCO,
detection.

Post-intubation management

After correct placement of the ETT in the trachea
has been verified, a few “housekeeping” issues
must be addressed. The tube should be secured in
place (taped or tied) to ensure it does not move.
The patient’s blood pressure and other vitals
should be repeated frequently. Bradycardia fol-
lowing intubation should be assumed due to
esophageal intubation and resulting hypoxia.
Hypertension post-intubation suggests inad-
equate sedation. Hypotension may be the result of
a tension pneumothorax, decreased venous return,
a cardiac cause, or the induction agent.

A mechanical ventilator should be configured
according to the patient’s size and needs. A CXR
should be taken to assess the ETT position (depth
of placement) and the condition of the patient’s
lungs. Proper tube depth is generally 2-3cm
above the carina. Insertion of the ETT into the
right main stem bronchus is a common complica-
tion (Figure 2.14).

Following intubation, consideration should
be given to long-term sedation and paralysis
using a benzodiazepine and NMBA. Diazepam
(0.2mg/kg) may be given initially for sedation and
repeated for any signs of awareness. Lorazepam
(0.05-0.1mg/kg) is a perfectly acceptable alter-
native. Pancuronium (0.1 mg/kg) or vecuronium
(0.1 mg/kg) may be used for long-term paralysis;
a repeat dose (one-third the initial dose) may be
given after 45-60minutes if motor activity is
detected. An opioid agent such as morphine sul-
fate (0.2mg/kg) may also be administered for
additional patient comfort.

Awake oral intubation

Awake oral intubation is a technique utilizing
liberal topical airway anesthesia and mild IV

Figure 2.14
Right main stem bronchus intubation. AP supine chest radiograph on a trauma
board showing an endotracheal tube in the right main stem bronchus,
hyperinflation of the right lung and marked loss of volume in the left lung.
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sedation prior to inspection or intubation of an
“awake” patient’s airway. The approach conve-
niently allows for the preservation of the patient’s
airway reflexes and spontaneous breathing
while the laryngoscopist takes a gentle look at
the glottis, vocal cords and internal airway
anatomy. Whether to intubate the patient imme-
diately or defer for a controlled RSI depends on
the potential for progressively increased airway
difficulty or compromise. One might elect to
immediately intubate a patient with an airway
burn or anaphylaxis with progressive swelling.

The classic scenario for employing this tech-
nique is the patient with distorted upper airway
anatomy, such as that resulting from blunt or
penetrating anterior neck trauma. Under these
circumstances, intubation by RSI may be unsuc-
cessful or impossible and subsequent BVM ven-
tilation may allow air to enter the neck via the
airway injury, complicating further management.
Disadvantages of the awake oral intubation tech-
nique include oversedation, discomfort and stress,
and potential for deleterious effects in patients
with cardiac disorders or increased ICP.

Blind nasotracheal intubation

Although commonly employed previously, blind
nasotracheal intubation (BNTI) has lost ground
to other more effective airway approaches. When
compared with RSI, BNTI consumes more time,
fails more often, involves the passage of a
smaller ETT, and results in a higher number of
complications.

There are certain clinical circumstances (spon-
taneously breathing patient presenting with a
difficult airway) where RSI is not advisable and
BNTImay be the preferred route of intubation. In
the patient with anatomic features that may pose
a challenge to RSI and BVM ventilation, awake
BNTI can be performed while preserving the
patient’s spontaneous respirations.

The procedure for BNTI begins with proper
mucosal preparation to minimize epistaxis. Both
nares should be sprayed with generous amounts
of a topical vasoconstrictor anesthestic agent such
as cocaine or the combination phenylephrine—
lidocaine. Select a cuffed ETT size 0.5-1.0mm
smaller than would be used for oral intubation.
The tube should be lubricated with KY jelly or
another water-soluble lubricant to facilitate pas-
sage. The balloon at the distal portion of the ETT
should be completely deflated. The bed may be
reclined or left in the upright position, preferred
by most patients and physicians. While standing

to the side of the patient, the tube is inserted into
the more patent of the two nares. The right side is
preferable because the tube bevel will face the
septum, thus avoiding Kiesselbach’s plexus. If
going through the left naris consider inserting the
tube “upside down,” then rotating it such that
the curve follows the posterior nasopharynx once
the turbinates are passed. Direct the tube straight
back along the nasal floor toward the occiput,
rotating it 15-30° with advancement. Once the
tube has neared the glottis, listen for airflow
within the tube and watch the chest rise with
each breath. When maximal airflow is heard,
quickly and gently advance the tube on inhala-
tion. A cough will likely be heard with the pas-
sage of the tube into the trachea. The tube should
be advanced to 32cm at the naris in the adult
male and 27-28cm in the adult female. As the
tube is placed blindly, it may also be misdirected
into the esophagus, piriform sinus or vallecula
(rare). When this occurs, withdraw the tube
slightly, redirect and retry. If the tube becomes
caught on the vocal cords, rotate the tube slightly
to realign the bevel with the cords. Occasionally,
external manipulation of the larynx posteriorly
or laterally with one’s nondominant hand will
facilitate successful passage.

BNTI is contraindicated in the apneic patient,
since air movement is essential to tube place-
ment. BNTI is also contraindicated in patients
with the possibility of cribriform plate injury,
basilar skull or midface fracture out of concern
that the tube may enter the cranial vault. Patients
with bleeding disorders or coagulopathy may
develop massive epistaxis from BNTL. A com-
plete list of contraindications to BNTI is listed in
Table 2.6.

Table 2.6 Contraindications to blind nasotracheal
intubation

® Apnea

Cribriform plate injury, basilar skull fracture,
midface fracture

Combative patients

Increased intracranial pressure

Coagulopathy or bleeding disorders

Neck hematoma

Upper airway obstruction or anatomic alteration
from trauma, edema or infection

® Any patient requiring immediate airway management

Epistaxis and nasal turbinate injury from
the procedure can be greatly reduced by prior
administration of vasoconstrictor agents and
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proper technique. Long-term complications such
as sinusitis or turbinate destruction are uncom-
mon and result from multiple intubation attempts
or prolonged intubation.

The difficult airway

It has been estimated that between 1-3% of
patients present with a “difficulty airway,” defined
as difficulty securing the airway under direct
laryngoscopic  vision. Before administering
NMBAs, the emergency physician should always
assess the likelihood of a difficult intubation and
the probability for success. Every intubation
should be assumed difficult, especially in the
pediatric population, and a back-up plan should
be formulated prior to proceeding. Success or
failure is often directly related to the airway

manager’s ability to anticipate problems, prepare
for the worst-case scenario and address failure
(Figure 2.15).

The failed airway

The failed airway may be clinically defined in
two manners:

1. The “cannot intubate, can oxygenate” scenario
occurs when a skilled airway manager fails
to intubate on three attempts but can
successfully BVM ventilate the patient.

2. The “cannot intubate, cannot oxygenate”
scenario arises when the failure to intubate,
regardless of the number of attempts, occurs
in the face of O, saturations that cannot be
maintained above 90% or higher using a BVM.

Fiberoptic method
Intubating LMA
Lighted stylet

Figure 2.15

leg(::(ljti ;ler\g/ay ------- P Call for assistance
o No BVM maintains No . .
$,0, = 90%? » S,0, = 90%? Failed airway
Ye Sb | Yes
BVM predicted to Yes Intubation predicted Yesl RSI
be successful? to be successful? (= double set-up)
N Ob | No
“Awake” Successful Post-intubation Go to main
technique management or RS algorithm
Unsuccessfuli
No
Sp0, = 90%? Failed airway
Yes
A
Blind nasotracheal
Cricothyrotomy

Algorithm for the difficult airway. LMA: laryngeal mask airway; BVM: bag-valve-mask;
RSI: rapid sequence intubation; S,0,: saturated pressure of oxygen measured with
pulse oximetry. Reproduced with permission from Walls RM et al, Manual of Emergency
Airway Management, 2nd ed. and Companion Manual to the Airway Course (www.
theairwaysite.com), Lippincott Williams & Wilkins, 2004.
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The management of the failed airway is dictated
by whether or not the patient can be oxygenated
(Figure 2.16).

Devices and techniques
for the difficult or failed
intubation

This section briefly describes some of the devices
and techniques that may be employed in the
event of a difficult or failed intubation.

Lighted stylet intubation

The use of a lighted stylet apparatus utilizes
transillumination of the soft tissues of the neck to

Failed airway
criteria

BVM maintains No

S,0, = 90%?

Consider

Fiberoptic method
Intubating LMA
Lighted stylet
Supraglottic airway

v

-------- P Call for assistance

If contraindicated

iYes :" ----------
v

Time allows and No

signify correct ETT placement within the trachea.
Due to the anterior location of the trachea rela-
tive to the esophagus, a well-defined, circum-
scribed glow can readily be seen in the anterior
neck when the ETT and light enter the glottic
opening. If the tip of the tube is placed in
the esophagus, the light glow is diffuse and not
well seen.

Retrograde intubation

Retrograde intubation involves needle puncture
of the cricothyroid membrane followed by thread-
ing a guidewire retrograde through the vocal
cords and out the mouth or nose. The wire is then
used to guide the ETT through the glottis before
it is removed.

LMA or Combitube
may be attempted while
preparing for cricothyrotomy

Cricothyrotomy

successful?

¢ Yes

Cuffed ETT placed?

e

Arrange for
definitive airway
management

Figure 2.16

Post-intubation
management

Algorithm for the failed airway. ETT: endotracheal tube; BVM: bag-valve
mask; S,0,: saturated pressure of oxygen measured with pulse oximetry.
LMA: laryngeal mask airway. Reproduced with permission from Walls RM
et al, Manual of Emergency Airway Management, 2nd ed. and Companion
Manual to the Airway Course (www.theairwaysite.com), Lippincott

Williams & Wilkins, 2004.
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Digital intubation

Digital intubation is a technique in which the
index and long fingers of the nondominant hand
are used to identify the epiglottis and then man-
ually direct an ETT into the larynx. This requires
a profoundly unresponsive patient.

Laryngeal mask airway

The laryngeal mask airway (LMA) is a modified
ETT with an inflatable, oval collar (“laryngeal
mask”) atits base. The LMA is blindly inserted into
the pharynx where it covers the glottic opening.
Inflation of the collar provides a seal that allows
tracheal ventilation. Though these devices are rel-
atively easy to use, they do not provide a defini-
tive airway since the supraglottic cuff does not
prevent aspiration.

An updated version of the original LMA,
known as the intubating LMA, facilitates blind
endotracheal intubation by allowing passage of
an ETT through the device and into the trachea
with a high degree of success.

Combitube™

The Combitube™ is a dual-lumen, dual-cuffed
esophageal/tracheal airway; one lumen func-
tions as an esophageal airway while the other
performs as a tracheal airway. Though the
Combitube is blindly inserted and typically
enters the esophagus, the presence of dual
lumens allows ventilation even if it inadvertently
enters the trachea.

Fiberoptic intubation

Fiberoptic techniques for endotracheal intub-
ation have emerged as invaluable tools for the
management of the difficult airway. These include
the use of fiberoptic intubating bronchoscopes,
rigid fiberoptic laryngoscopes, and ETTs with
embedded fiberoptic bundles. These devices
require considerable technical skill and repeated
practice to maintain speed and success.

Surgical airways

Surgical airway management, unlike conven-
tional airway management, entails the creation
of an opening into the trachea to provide oxy-
genation and ventilation. Proficiency with surgi-
cal airway techniques can mean the difference
between life and death.

Cricothyrotomy
Cricothyrotomy is the creation of a surgical
opening through the cricothyroid membrane to
allow placement of an ETT or cuffed tracheostomy
tube (Figure 2.17). The proximal ends of these tubes
can be hooked up to a BVM for oxygenation and
ventilation. A primary indication for cricothyro-
tomy is the need for a definitive airway in the
patient in whom orotracheal or BNTI has failed,
is contraindicated or is extremely difficult. A
classic example is the patient with severe facial
trauma in whom conventional airway manage-
ment is extremely complicated or unfeasible.
The primary contraindication to cricothyro-
tomy is young age. Due to anatomic consider-
ations, the procedure is extremely difficult
in children <10-12 years of age and therefore
generally avoided in this population. Other
contraindications to cricothyrotomy include
preexisting tracheal or laryngeal pathology,
anatomic obliteration of the landmarks (i.e.,
hematoma), coagulopathy and operator inex-
perience with the procedure. Complications of
cricothyrotomy include incorrect airway place-
ment, hemorrhage, tracheal or laryngeal injury,
infection, pneumomediastinum, subglottic steno-
sis and voice change.

Transtracheal jet ventilation (TTJV)

An alternative surgical airway procedure is nee-
dle cricothyrotomy with percutaneous TTJV
(Figure 2.18). In this technique, a transtracheal
catheter is inserted through the cricothyroid
membrane into the trachea and connected to a jet
ventilation system which includes high-pressure
tubing, an oxygen source at 50 psi, and an in-line
one-way valve for intermittent administration of
oxygen. 100% oxygen is then delivered at 12-20
bursts per minute. The inspiratory phase should
last 1 second while the expiratory phase lasts 2—4
seconds.

Advantages of this technique include its
simplicity, safety and speed. There is typically less
bleeding when compared with cricothyrotomy,
and age is not a contraindication, making it the
preferred surgical airway in children <12 years.

During TTJV, the upper airway must be free of
obstruction to allow for complete exhalation,
or the patient is at risk of barotrauma from air
stacking. All patients receiving TTJV should
have an oral and nasal airway placed. Unlike
cricothyrotomy, TTJV does not provide com-
plete airway protection. Therefore, it should be
considered a temporizing measure until a defini-
tive airway can be established.
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Cricoid cartilage

L

Figure 2.17

Surgical cricothyrotomy. Used with permission from American College of Surgeons’ Committee on Trauma, Advanced
Trauma Life Support © for Doctors, Student Course Manual, 6th ed., Chicago, American College of Surgeons, 1997,

page 85.

Special patients
Pediatric

Though the principles of airway management in
adults and children are the same, a number of age-
related differences must be accounted for when
managing the pediatric airway. Specific anatomic
differences between adults and children and
their clinical significance in airway management
are summarized in Table 2.7 and Figure 2.19.
Physiologically, pediatric patients have a higher
rate of O, consumption and smaller functional
residual capacity; therefore, they tend to desaturate

more rapidly than adults. Compared with adults,
children tend to have a shortened period of pro-
tection from hypoxia following pre-oxygenation,
and infants and small children may require BVM
ventilation during RSI to avoid hypoxia.

Airway equipment selection is also based on
the child’s weight and length (Table 2.8). A
child’s ETT size can be estimated by the size of
their external naris, the diameter of their little fin-
ger, or the formula ETT size = 4 + (age in years/4).
The depth of ETT placement may be remem-
bered as approximately three times ETT size or
(age in years/2) + 12.
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Wall fitting

Figure 2.18

High-pressure hose

Regulator

Pressure guage

On—off valve

PVC tubing

=/
M

Transtracheal jet ventilation. PVC: polyvinyl chloride.

Table 2.7 Anatomic airway differences between children and adults. Reproduced with permission from Walls RM et al,
Manual of Emergency Airway Management, 2nd ed. and Companion Manual to the Airway Course
(www.theairwaysite.com), Lippincott Williams & Wilkins, 2004

Anatomy

Large intraoral tongue occupying relatively
large portion of the oral cavity

High tracheal opening: C1 in infancy versus
C3-4 at age 7, C4-5 in the adult

Large occiput that may cause flexion of the
airway, large tongue that easily collapses
against the posterior pharynx

Cricoid ring narrowest portion of the trachea
as compared with the vocal cords in the adult

Consistent anatomic variations with age with
fewer abnormal variations related to body
habitus, arthritis, chronic disease

Large tonsils and adenoids may bleed. More acute
angle between epiglottis and laryngeal opening
results in nasotracheal intubation attempt failures

Small cricothyroid membrane

Clinical significance

1. High anterior airway position of the glottic opening compared
with that in adults

2. Straight blade preferred over curved to push distensible
anatomy out of the way to visualize the larynx

Sniffing position is preferred. The large occiput actually elevates
the head into the sniffing position in most infants and children.
A towel may be required under shoulders to elevate torso
relative to head in small infants

1. Uncuffed tubes provide adequate seal as they fit snugly at
the level of the cricoid ring

2. Correct tube size essential since variable expansion cuffed
tubes not used

<2 years, high anterior
2 to 8, transition
>8, small adult

Blind nasotracheal intubation not indicated in children

Nasotracheal intubation failure

Needle cricothyroidotomy difficult, surgical cricothyroidotomy
impossible in infants and small children
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Junction of
chin and neck

Epiglottis

Vocal cords

Wcmoid ring

Infant

Figure 2.19

Cricoid membrane

Anatomic airway differences between children and adults. The anatomic differences particular to children include: 1.
Higher, more anterior position for the glottic opening. (Note the relationship of the vocal cords to the chin/neck junction).
2. Relatively larger tongue in the infant, which lies between the mouth and glottic opening. 3. Relatively larger and more
floppy epiglottis in the child. 4. Cricoid ring is the narrowest portion of the pediatric airway; in adults, it is the vocal cords.
5. Position and size of the cricothyroid membrane in the infant. 6. Sharper, more difficult angle for blind nasotracheal
intubation. 7. Larger relative size of the occiput in the infant. Reproduced with permission from Walls RM et al, Manual of
Emergency Airway Management, 2nd ed. and Companion Manual to the Airway Course (www.theairwaysite.com),

Lippincott Williams & Wilkins, 2004.

Drug dosing in children and the choice of
medications for RSI is based on a child’s age and
weight. Of note, the dose of SCh is higher in
children (2mg/kg) and infants (3mg/kg) than
in adults. Children younger than 5 years are not
given a defasciculating dose of a nondepolarizing
NMBA but are treated with atropine to prevent
bradycardia from airway manipulation. Atropine
should also be administered to all children <10
years of age receiving SCh to prevent bradycardia.
Fentanyl should be used with caution in infants
and small children, as it may lead to respiratory
depression or hypotension.

Status asthmaticus

Managing the sick asthma patient in the ED can
present a tremendous challenge. Fatigue from

prolonged respiratory effort in the face of severe
small airway resistance commonly results in
respiratory failure; approximately 1-3% of asthma
exacerbations require intubation. In general,
these patients are extremely difficult to pre-
oxygenate due to a reduced functional residual
capacity, and may be very difficult to ventilate
with a BVM as a result of severe airway
obstruction.

The single most important intervention in the
patient with status asthmaticus and respiratory
failure is early control of the airway. RSI is the
method of choice (performed by the most experi-
enced laryngoscopist) along with preparation for
rescue cricothyrotomy. When compared with
RSI, BNTI is more time-consuming, results in
greater O, desaturation, and has a higher rate of
complication or failure.
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If the patient is most comfortable sitting
upright, allow him to maintain that position. All
patients should be pretreated with lidocaine
1.5mg/kg which suppresses coughing, improves
ETT tolerance and reduces bronchospasm.
Ketamine 1.5mg/kg is the induction agent of
choice in status asthmaticus as it stimulates the
release of catecholamines and produces bron-
chodilation.

Upon loss of consciousness, the patient
should be laid supine and intubated. The largest
possible ETT should be used to allow for aggres-
sive pulmonary toilet. The intubated asthmatic
patient should then be paralyzed and sedated to
facilitate oxygenation and ventilation. The
patient’s clinical condition may worsen after
intubation if the patient proves to be difficult to
ventilate, develops a tension pneumothorax or
develops hypotension; caution is warranted.

Increased intracranial pressure

The presence or suspicion of increased ICP directly
affects the approach to RSI, as the techniques and
medications used during RSI may further increase
the patient’s ICP. There is a reflex sympathetic
response to larygnoscopy that results in a systemic
release of catecholamines and increased ICP. This
response can be blunted through the administra-
tion of fentanyl (3 mcg/kg), which is given over
30-60seconds during the pretreatment phase of
RSI. Laryngoscopy or any laryngeal stimulation
(i.e., suctioning) may also increase ICP by a direct
reflex mechanism unrelated to this catecholamine
surge. The administration of lidocaine (1.5mg/kg)
during the pretreatment phase effectively blunts
this response and may also reduce ICP.

Unlike nondepolarizing NMBAs, SCh admin-
istration increases ICP. However, the administra-
tion of a small “defasciculating dose” (about
one-tenth the paralyzing dose) of a competitive
neuromuscular blocker given during the pretreat-
ment phase mitigates this response. Pancuronium
(0.01mg/kg) or vecuronium (0.01mg/kg)
administered 3 minutes before the administra-
tion of SCh effectively blunts the rise in ICP.

The ideal induction agent should reduce ICP,
maintain cerebral perfusion and provide some
cerebral protective effect. Sodium thiopental
effectively reduces ICP by decreasing cerebral
blood flow, and confers a cerebroprotective effect
by lowering O, utilization within the brain.
However, thiopental is a potent venodilator and
negative inotrope which can lead to hypotension,

a factor associated with significantly increased
mortality in head-injured patients. Etomidate has
emerged as the induction agent of choice in
patients with increased ICP. It reduces ICP and
confers cerebroprotection in a manner similar to
thiopental but provides remarkable hemodyna-
mic stability.

Suspected cervical spine injury

All patients with significant blunt trauma are
assumed to be at risk for cervical spine injury.
Inadvertent movement of the neck of a patient
with an unstable cervical spine injury can lead to
permanent neurologic disability or death.
Accordingly, many trauma patients are trans-
ported to the ED in a stiff cervical collar and
immobilized to a backboard. Though providing
protection of the cervical spine, immobilization
places the patient at risk for aspiration and venti-
latory compromise.

If the patient requires airway management,
precious time should not be wasted obtaining a
single lateral radiograph of the cervical spine to
exclude cervical spine injury. This approach
delays definitive airway management and pro-
vides a false sense of security, as a single view is
inadequate to exclude injury to the cervical
spine.

Numerous studies have shown that the proper
approach to managing these patients is RSI with
in-line immobilization (Figure 2.20). Paralyzing

Figure 2.20
In-line immoblilization of the cervical spine.
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the patient reduces the risk of patient movement
during intubation. A second individual main-
taining immobilization of the head and neck in
the neutral position throughout the procedure
prevents neck hyperextension during laryn-

g0SCopy.

Pearls, pitfalls, and myths

Learn to recognize objective signs of
impending airway compromise.

Though bedside maneuvers or airway
adjuncts can reestablish airway patency,
they do not provide definitive airway
protection.

A definitive airway requires an ETT in

the trachea secured in place with the cuff
inflated and attached to an O,-rich
ventilation device.

Competence with the bag-valve-mask is
required for airway management.
Lifesaving medications may be given

via the ETT.

Learn the 9 P’s of Rapid Sequence Intubation
Prior to initiating RSI, prepare for intubation
using the mnemonic SOAP ME.

Adequate preoxygenation may allow the
larygnoscopist several attempts for
successful intubation prior to arterial O,
desaturation.

Select your pretreatment (LOAD)
medications to mitigate the adverse effects
of SCh and the act of intubation.

NBMAs do not provide analgesia,
sedation or amnesia, so always provide an
induction agent prior to neuromuscular
blockade.

After any unsuccessful intubation attempt,
change “something” prior to the next
attempt.

Proper ETT placement needs to be confirmed
after every intubation; do not rely on only
one approach as the sole means for
confirming ETT placement.

Following confirmation of ETT placement,
secure the ETT, check vital signs, order a
chest X-ray and provide long-term sedation
and paralysis (if appropriate).

Not every patient needs RSI. Learn the
indications and techniques for awake oral
intubation and BNTL

Every intubation should be assumed
difficult, and a back-up plan should be
formulated prior to proceeding.

Be familiar with the algorithms, devices, and
techniques used for the failed airway.
Airway equipment selection and drug
dosing is based on a child’s age, weight and
length. A child’s ETT size = 4 + (age in
years/4).

Use RSI with in-line immobilization for
airway management of any patient with
potential cervical spine injury.
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3 Cardiopulmonary and cerebral resuscitation

Robert R. Leschke, MD

Introduction

One of the defining characteristics of emergency
physicians is their ability to recognize and man-
age the undifferentiated patient in cardiac or res-
piratory arrest. Emergency practitioners must be
experts in understanding the pathophysiology of
cardiopulmonary arrest and the principles behind
the resuscitation of these patients.

Modern cardiopulmonary resuscitation (CPR)
began in the late 1950s with the rediscovery of
closed chest cardiac massage and mouth-to-mouth
ventilation. Advances in external defibrillation
and other non-invasive techniques improved
success rates of resuscitation and increased the
number of individuals who could be adequately
trained to immediately provide these interven-
tions. The highest potential survival rate from
cardiac arrest can be achieved when there is
recognition of early warning signs, activation of
the emergency medical system (EMS), rapid ini-
tiation of basic CPR, rapid defibrillation and
Advanced Cardiovascular Life Support (ACLS),
including definitive airway management and
intravenous (IV) medications. These steps are
known as the “chain of survival.”

While many factors determine survival from
cardiac arrest, initiation of early CPR has been
scientifically shown to save lives. Data from
Seattle demonstrated successful outcome in 27%
of patients if ACLS is started within 8 minutes of
cardiac arrest. The Journal of the American Medical
Association reported that for patients who have
CPR started within 4 minutes of arrest and ACLS
within 8 minutes, successful resuscitation is
increased to 43%.

Pathophysiology

Sudden cardiac death due to unexpected cardiac
arrest claims the lives of an estimated 250,000
adult Americans each year. Most of these events
will occur outside of the hospital. The majority of
these patients are men between the ages of
50 and 75 years, who have significant atheroscle-
rotic heart disease. Underlying disease and co-
morbid factors significantly affect the metabolic
state of cells before the onset of cardiac ischemia
and alter the ability of cells to recover from a

prolonged ischemic event. Hypoxia or hypotension
prior to arrest, even if brief, creates tissue acido-
sis in diseased cells, making them more resistant
to resuscitative efforts.

Cardiac arrest results in cessation of blood
flow throughout the body. Anaerobic metabo-
lism begins almost immediately. A cascade of
metabolic events is created, including calcium
release, generation of free radicals, and activa-
tion of catabolic enzymes that further injure the
body’s cells. The brain is most susceptible to the
absence of circulation and traditionally suffers
irreversible damage after 5 minutes in an arrest
state. Restoration of pre-arrest neurologic func-
tion rarely occurs in patients with untreated car-
diac arrest of longer than 10 minutes duration.
The heart is the second most susceptible organ.
Patients who suffer cardiac arrest from a non-
cardiac cause remain at risk for secondary cardiac
ischemia in the post-resuscitation period.

CPR, even utilizing maximal chest compres-
sions, can only generate 30% of baseline cardiac
output. The resuscitation period, therefore, still
contributes to ongoing global ischemia. The goal
of CPR is to preferentially direct blood flow to
the heart and brain in order to adequately restore
organized myocardial electrical activity while
minimizing ischemic brain injury. There are two
main theories to explain how this happens. In the
cardiac compression model, the heart is squeezed
between the sternum and the thoracic spine cre-
ating a pressure gradient between the ventricles
and the great vessels. This causes blood to flow
into the systemic and pulmonary arterial circula-
tion. In the thoracic pump model, chest compres-
sions cause a rise in the intrathoracic pressure
that creates a pressure gradient between the
intrathoracic vascular bed and the extrathoracic
arterial bed, which causes blood to flow down
the pressure gradient.

The primary survey

Emergency personnel need a systematic approach
to resuscitation. The simplest and most familiar
approach follows the concept of the primary and
secondary surveys, and utilizes the ABCs (Airway,
Breathing, Circulation) as a reminder (Figure 3.1).
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¢ Person collapses
* Possible cardiac arrest
* Assess responsiveness

Unresponsive

Begin primary ABCD survey
(Begin BLS algorithm)
* Activate emergency response
system
Call for defibrillator
* A Assess breathing (open
airway, look, listen, and feel)

Not breathing

B Give two slow breaths

C Assess pulse, if no pulse —

C Start chest compressions

D Attach monitor/defibrillator
when available

No pulse

»| ° CPR continues
7| ¢ Assess rhythm

Attempt defibrillation Non-VF/VT
(up to three shocks if VF/VT persists) (asystole or PEA)

Secondary ABCD survey

¢ Airway: Attempt to place airway device

* Breathing: Confirm and secure airway device, ventilation,
oxygenation

¢ Circulation: Gain intravenous access; give adrenergic
agent; consider — antiarrhythmics, buffer agents, pacing

v Non-VF/VT patients A
CPR for ¢ — Epinephrine 1 mg IV, repeat every 3-5 minutes 4— CPR up to
] 1 minute VF/VT patients 3minutes [
— Vasopressin 40 U 1V, single dose, one time only
or

— Epinephrine 1 mg IV, repeat every 3—5 minutes
(if no response after single dose of vasopressin,
may resume epinephrine 1 mg IV push; repeat
every 3-5 minutes)
« Differential diagnosis: Search for and treat reversible causes

Figure 3.1

Comprehensive emergency cardiovascular care algorithm. ABCD: Airway, Breathing, Circulation, Defibrillation;
CPR: cardiopulmonary resuscitation; VF: ventricular fibrillation; VT: ventricular tachycardia; PEA: pulseless electrical
activity; BLS: Basic Life Support. Reproduced with permission, ACLS Provider Manual, © 2001, Copyright American
Heart Association.
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In the primary survey, the focus is on basic
CPR and defibrillation:

Airway: Open the airway

Breathing: Provide positive-pressure ventilation

Circulation: Give chest compressions

Defibrillation: Identify and shock ventricular fibrillation
(VF) and ventricular tachycardia (VT)

Airway

The first step to assessing the patient’s airway is
to look for respiratory activity, listen for breath-
ing, and feel for air exchange at the patient’s
nose and mouth. If these are present, assess the
patient’s ability to protect the airway by asking
them to speak. If the patient can speak, immedi-
ate definitive airway management is not likely
needed. If the patient does not respond to ques-
tions, the absence of a strong gag reflex confirms
the inadequacy of protective airway mechanisms.
Once you have established that the patient is not
breathing or unable to protect the airway, steps
must be taken to provide airway support. If you
are alone in the room, immediately call for assist-
ance and then place the patient in a supine posi-
tion. One must be careful in a patient who is
suspected of having neck trauma to maintain
in-line stabilization of the cervical spine. This is
performed by keeping one hand behind the head
and neck while the other hand rolls the patient
toward you.

Once the patient is correctly positioned on
his/her back, open the airway. An unresponsive
or unconscious patient will have decreased
muscle tone, allowing the tongue and epiglottis
to fall back and obstruct the pharynx and larynx.
In order to correctly position the head and open
the airway of the patient without suspected trau-
matic injury, use the head tilt-chin lift maneuver
(Figure 2.4). If standing on the patient’s right
side, place the left hand on the patient’s forehead
and the fingers of the right hand under the bony
part of the chin. Simultaneously apply firm back-
ward pressure on the forehead tilting the head
back and lifting the chin up and forward. Open
the patient’s mouth to prepare for ventilation. If
there is visible foreign material in the airway;, it
should be removed or suctioned away:.

If there is the possibility of neck trauma, the
head tilt-chin lift maneuver could cause cervical
spine injury if the neck is hyper-extended. In
such cases, the jaw thrust maneuver (Figure 2.5)

should be utilized. To perform this maneuver,
position yourself at the patient’s head. Place
your thumbs on the zygomatic arches on either
side of the face. Grasp the angles of the victim’s
lower jaw with your remaining fingers, and lift
the lower jaw up and forward. Visible foreign
material in the airway should be removed or suc-
tioned away.

Breathing

Most victims suffering from cardiopulmonary
arrest will not breathe spontaneously. After posi-
tioning the head and opening the airway, one
should quickly assess for chest excursion and the
presence of exhalation. If the patient is not
breathing or has inadequate respirations, assist
the patient with artificial respiration. In the
emergency department (ED) setting, a bag-valve-
mask device should be readily available. Utilizing
the same technique as the jaw thrust maneuver
for opening the airway, squeeze the mask between
your thumbs and your remaining fingers as you
lift the jaw. This will create an airtight seal while
another rescuer provides rescue breathing through
compression of the bag. If you are alone, apply
the mask to the patient’s face. Place the middle,
ring, and little fingers of one hand along the bony
portion of the mandible, and place the thumb
and index finger of the same hand on the mask.
Squeeze the mask between your fingers on to the
patient’s face to create an airtight seal. Compress
the bag with your other hand. Provide rescue
breaths of 2 seconds duration while watching for
chest rise.

If you do not see the chest rise or find it diffi-
cult to compress air from the bag into the
patient’s airway, reposition the head and mask
and try again. If subsequent attempts to ventilate
the patient are unsuccessful, the patient may
have an obstructed airway. Open the patient’s
mouth by grasping both the tongue and the
lower jaw between the thumb and fingers, and
then lift the mandible. If you see obstructing
material, use a McGill forceps or clamp to
remove it. If this equipment is not available, slide
your index finger down the inside of the cheek to
the base of the tongue and dislodge any foreign
bodies using a hooking action. Use caution to
avoid pushing any obstructing material further
down the airway.

If you still cannot effectively administer res-
cue breathing and suspect an obstructed airway,
perform abdominal thrusts. These abdominal
thrusts elevate the diaphragm and increase airway
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pressure. The resulting air escape from the lungs
can effectively dislodge an obstructing foreign
body from the upper airway. To perform this
maneuver, place the heel of one hand against the
patient’s abdomen just above the navel and well
below the xiphoid process. Place your other hand
on top of the first. Press both hands into the
abdomen five times in a quick upward-thrusting
motion maintaining a midline position. Then,
reattempt ventilation.

Circulation

In the patient with suspected cardiopulmonary
arrest, one should check for a carotid pulse, as
this is the most central of the peripheral arteries.
A carotid pulse may persist even in the presence
of poor perfusion. If no pulse is present, chest
compressions should be initiated and the patient
should be placed on a cardiac monitor. To ade-
quately perform chest compressions, the heel of
one hand should be placed in the midline on the
lower part of the sternum (just above the notch
where the ribs meet the lower sternum). The
other hand is placed on top of the first hand and
the fingers interlocked and kept off of the chest.
Position your shoulders directly over your hands
and lock your elbows. Depress the sternum about
1.5-2 inches approximately 100 times per minute,
while allowing another member of the team to
give rescue breathing after every five compres-
sions. Properly performed compressions can
produce a systolic blood pressure of 60 mmHg.

Defibrillation

Cardiac arrest from a primary cardiac etiology
typically presents as ventricular fibrillation (VF)
or less often as pulseless ventricular tachycardia
(VT). Both are treated identically. Early defibrilla-
tion is the one intervention that has been shown
to increase survival for patients in VF or pulseless

VT. When defibrillation can be successfully per-
formed within the first minute or two, as many as
90% of patients return to their pre-arrest neuro-
logic status. The longer the patient remains in car-
diac arrest, the more likely that defibrillation and
resuscitation will be unsuccessful. Survival rates
are <10% when defibrillation is delayed 10 min-
utes or more after a patient’s collapse.

The term automatic external defibrillator (AED)
refers to a sophisticated computerized device that
incorporates a rhythm analysis system and a shock
advisory system. AEDs are designed to recognize
VF or VT and advise the user to deliver an electric
shock to convert the non-perfusing rhythm to a
perfusing one. Placing AEDs in public access areas
like airports, sports stadiums, or restaurants
allows quicker access to life-saving defibrillation.
When police officers in Rochester, Minnesota were
equipped with an AED, survival from out-of-
hospital VF averaged 50% with a median time
from collapse to defibrillation of 5 minutes. Similar
statistics have been reported in public access trials
in other states. These survival rates are twice those
previously reported for the most effective emer-
gency medical systems (EMS).

Since survival from VF or pulseless VT is so
time-sensitive, defibrillation in witnessed VF or
pulseless VT should preclude any other type of
evaluation. Defibrillation should be attempted
with up to three shocks as soon as the diagnosis is
made (Figure 3.2). Using gel or defibrillation pads,
one paddle should be placed to the right of the
sternum below the right clavicle and the other in
the midaxillary line at the level of the nipple. Firm
pressure of approximately 251b should be applied
to each paddle. Alternatively, “hands oft” defibril-
lator pads can be used that are placed on the chest
and the back, sandwiching the heart.

Successful defibrillation depends on the
amount of current transmitted across the heart.
This is proportional to the energy output of the
defibrillator and inversely proportional to the
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Figure 3.2

Rhythm strip of a patient with pulseless ventricular tachycardia (VT). Following the third defibrillation attempt
at 360 J, the patient returned to sinus rhythm. HR: heart rate; J: joules; SpO,: saturated pressure of oxygen.

Courtesy: S.V. Mahadevan, MD.
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transthoracic impedance, which depends on chest
size, phase of respiration, and other variables.
Current defibrillators are monophasic and do not
adjust for the transthoracic impedance. The first
biphasic waveform defibrillator was approved in
1996. While not used in all EDs worldwide, the
biphasic waveform adjusts for differences in
transthoracic impedance, allowing less energy
requirements for successful defibrillation. Animal
studies showed their superiority over mono-
phasic defibrillation for the termination of VF and
pulseless VT. Early clinical experience with 150]
biphasic waveform defibrillation for treatment of
VF was very positive. Evidence to date suggests
that non-progressive impedance-adjusted low-
energy biphasic countershock (150] three times) is
safe, acceptable, and clinically effective.

The secondary survey

The secondary survey uses the same mnemonic
as the primary survey; however, the inter-
ventions are more involved and aggressive:

Airway: Definitive airway management

Breathing: Confirmation of adequate ventilation

Circulation: Intravenous access, ACLS medications,
fluids

Defibrillation: Continued rhythm analysis and
treatment

Airway

Endotracheal intubation is the most effective
method of ensuring adequate ventilation, oxy-
genation, and airway protection against aspira-
tion during cardiac arrest. In addition, it is an
additional route of entry for some resuscitation
medications, such as atropine, epinephrine, and
lidocaine. Refer to Chapter 2 for a detailed dis-
cussion of the preparation and performance of
definitive airway management.

Breathing

If the patient has been intubated in the pre-hospital
setting, the adequacy of intubation should be
checked by auscultating the chest for equal bilat-
eral breath sounds, identifying fog in the endotra-
cheal tube on exhalation, and monitoring end-tidal
CO; (using colorimetry or capnography). The pres-
ence of exhaled CO, on a monitor indicates proper

tracheal tube placement and can detect subsequent
tube dislodgement. False readings can occur if CO,
delivery is low in cardiac arrest patients due to low
blood flow to the lungs. False readings have also
been reported in patients who ingested carbo-
nated liquids prior to intubation. A chest X-ray can
help determine the location of the tip of the endo-
tracheal tube in relation to the carina. The patient
should be placed on a ventilator for positive-
pressure ventilation. Continuous high flow oxygen
and pulse oximetry should be maintained.

Circulation

Intravenous (IV) access should be obtained,
preferably with a central venous catheter in the
internal jugular, subclavian, or femoral vein. Two
large bore peripheral lines may be acceptable and
IV fluids should be infused. The patient’s rhythm
should be identified and appropriate interven-
tions instituted based on accepted ACLS guide-
lines (see Figures 3.1, 3.3-3.5).

Ventricular fibrillation (VF) or pulseless
ventricular tachycardia (VT)

VF and pulseless VT remain the most common
underlying rhythms of cardiac arrest (Figure 3.3).
The therapeutic goal is to convert these non-
perfusing rhythms into perfusing ones. Early defib-
rillation has been shown to be the most effective
intervention, which is why recognition of VE/VT
and defibrillation are addressed in the primary
survey. If VF or pulseless VT is refractory to three
initial attempts at defibrillation, vasopressor
therapy in the form of epinephrine or vasopressin
should be administered. These agents have been
shown to improve the success rate of subse-
quent defibrillation attempts as well as improve
myocardial and cerebral perfusion during CPR.
Antiarrhythmic agents such as amiodarone, lido-
caine and procainamide raise the fibrillation
threshold. Administration of these agents should
always be followed by repeated countershocks.
The patient’s cardiac rhythm should be moni-
tored for changes between interventions, with
resuscitation strategies modified based on any
changes in rhythm or perfusion.

Asystole and bradycardia

Bradycardia leading to asystole uniformly has a
poor prognosis. The goal of therapy is to increase
the heart rate to provide a perfusing blood pres-
sure or, in the case of asystole, to re-establish a
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spontaneous rhythm (Figure 3.4). Primary brady-
cardia occurs when the heart’s intrinsic electrical
system fails to generate an adequate heart rate.
Secondary bradycardia occurs when factors other
than the heart’s own electrical system cause a slow
rate, such as hypoxia, stroke, or cardiodepres-
sant medications (beta blockers, calcium channel
blockers, or opiates). Atropine and epinephrine

are two medications that have demonstrated ben-
efit in this setting. Atropine has a vagolytic effect
by antagonizing the parasympathetic system.
Epinephrine improves myocardial and cerebral
blood flow during CPR. Though early transcuta-
neous pacing should be considered for bradycar-
dia, routine transcutaneous pacing for asystole
has not been shown to improve survival. As some

¢ Check responsiveness

¢ Call for defibrillator
Airway: Open the airway

OO w>

Primary ABCD survey
Focus: Basic CPR and defibrillation

¢ Activate emergency response system

Breathing: Provide positive-pressure ventilations

Circulation: Give chest compressions

Defibrillation: Assess for and shock VF/pulseless VT, up to three times
(2004, 200-300J, 360 J, or equivalent biphasic) if necessary

Ghythm after first three shocksD

Persistent or recurrent VF/VT

Secondary ABCD survey
Focus: More advanced assessments | —p»
and treatments

e Epinephrine 1 mg IV push, repeat every 3-5 minutes

e Vasopressin 40U |V, single dose, one time only

or

A Airway: Place airway device as
soon as possible

A

B Breathing: Confirm airway device
placement by exam plus confirma-
tion device

1 X 360 J (or equivalent biphasic) within 30—60 seconds

Resume attempts to defibrillate

B Breathing: Secure airway device;
purpose-made tube holders

v

preferred

appropriate for rhythm and
condition

B Breathing: Confirm effective Consider antiarrhythmics
oxygenation and ventilation » Amiodarone (lIb for persistent or recurrent VF/pulseless VT)
C Circulation: Establish IV access e Lidocaine (indeterminate for persistent or recurrent
C Circulation: Identify rhythm — VF/pulseless VT)
monitor e Magnesium (lIb if known hypomagnesemic state)
C Circulation: Administer drugs ¢ Procainamide (indeterminate for persistent VF/pulseless VT:

IIb for recurrent VF/pulseless VT)

D Differential diagnosis: Search
for and treat identified reversible

v

causes

Resume attempts to defibrillate

Figure 3.3

Ventricular fibrillation or pulseless ventricular tachycardia algorithm. VF: ventricular fibrillation; VT: ventricular
tachycardia; ABCD: Airway, Breathing, Circulation, Defibrillation; CPR: cardiopulmonary resuscitation.
Reproduced with permission, ACLS Provider Manual, © 2001, Copyright American Heart Association.
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patients with asystole are actually in fine VF, two
or more cardiac leads should be checked before
determining that the patient is truly in asystole. A
recent large randomized study from Europe com-
paring epinephrine with vasopressin for patients

in asystole demonstrated that vasopressin was
superior to epinephrine, suggesting that vaso-
pressin followed by epinephrine may be more
effective than epinephrine alone in the treatment
of refractory cardiac arrest.

| Asystole

I

¢ Check responsiveness

» Call for defibrillator
Airway: Open the airway

o0 w>

Primary ABCD survey
Focus: Basic CPR and defibrillation

* Activate emergency response system

Breathing: Provide positive-pressure ventilations
Circulation: Give chest compressions

Circulation: Confirm true asystole

Defibrillation: Assess for VF/pulseless VT; shock if indicated

Rapid scene survey: Is there any evidence that personnel should
not attempt resuscitation (e.g., DNAR order, signs of death)?

A

Circulation: Confirm true asystole
Circulation: Establish IV access

CO0OO0O0OWwWwW >

Secondary ABCD survey
Focus: More advanced assessments and treatments

Airway: Place airway device as soon as possible

Breathing: Confirm airway device placement by exam plus confirmation device
Breathing: Secure airway device; purpose-made tube holders preferred
Breathing: Confirm effective oxygenation and ventilation

Circulation: Identify rhythm — monitor
Circulation: Give medications appropriate for rhythm and condition
Differential diagnosis: Search for and treat identified reversible causes

I

Transcutaneous pacing
If considered, perform immediately

I

Epinephrine 1 mg |V push,
repeat every 3-5 minutes

I

Atropine 1mg IV, repeat every
3-5minutes up to a total of 0.04mg/kg  f—

Asystole persists
Withhold or cease resuscitative efforts?
¢ Consider quality of resuscitation?
 Atypical clinical features present?
» Support for cease-efforts protocols in place?

Figure 3.4

Asystole: The silent heart algorithm. ABCD: Airway, Breathing, Circulation, Defibrillation; CPR:
cardiopulmonary resuscitation; VF: ventricular fibrillation; VT: ventricular tachycardia; DNAR: do-not-
attempt resuscitation. Reproduced with permission, ACLS Provider Manual, © 2001, Copyright American

Heart Association.
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Pulseless electrical activity

Pulseless electrical activity (PEA), formerly
known as electromechanical dissociation (EMD),
is defined as cardiac electrical activity without
associated mechanical pumping. These patients
will have a rhythm but no pulse. Successful
resuscitation of patients with PEA should focus

on determining and reversing the cause (Figure
3.5). The most common causes include severe
hypovolemia (usually related to significant blood
loss), hypoxia, acidosis, pericardial tampon-
ade, tension pneumothorax, large pulmonary
embolus, myocardial infarction, hypothermia,
or drug overdose. A patient identified as having

Pulseless electrical activity
(Rhythm on monitor, without detectable pulse)

e Call for defibrillator

OO w>

Primary ABCD survey
Focus: Basic CPR and defibrillation

* Check responsiveness
* Activate emergency response system

Airway: Open the airway

Breathing: Provide positive-pressure ventilations
Circulation: Give chest compressions

Defibrillation: Assess for and shock VF/pulseless VT

Circulation: Establish IV access
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Secondary ABCD survey
Focus: More advanced assessments and treatments

Airway: Place airway device as soon as possible

Breathing: Confirm airway device placement by exam plus confirmation device
Breathing: Secure airway device; purpose-made tube holders preferred
Breathing: Confirm effective oxygenation and ventilation

Circulation: Identify rhythm — monitor

Circulation: Administer drugs appropriate for rhythm and condition
Circulation: Assess for occult blood flow (“pseudo-EMD”)

Differential diagnosis: Search for and treat identified reversible causes

~

Hypovolemia

Hypoxia

Hydrogen ion — acidosis
Hyper/hypokalemia
Hypothermia

<

Review for most frequent causes

e “Tablets” (drug OD, accidents)
* Tamponade, cardiac

¢ Tension pneumothorax

¢ Thrombosis, coronary (ACS)

¢ Thrombosis, pulmonary (embolism)

A

repeat every 3—-5minutes

Epinephrine 1 mg IV push, ) Atropine 1 mg |V (if PEA rate is slow), repeat every
3-5minutes as needed, to a total dose of 0.04 mg/kg

Figure 3.5

Pulseless electrical activity algorithm. ABCD: Airway, Breathing, Circulation, Defibrillation; CPR:
cardiopulmonary resuscitation; VF: ventricular fibrillation; VT: ventricular tachycardia; EMD: electromechanical
dissociation; ACS: acute coronary syndrome; OD: overdose; PEA: pulseless electrical activity. Reproduced
with permission, ACLS Provider Manual, © 2001, Copyright American Heart Association.

54 Principles of Emergency Medicine



PEA should be intubated to provide adequate
oxygenation and given a rapid IV infusion of crys-
talloid. If the patient has a treatable rhythm,
appropriate rhythm-specific ACLS algorithms
should be utilized. If the situation warrants, peri-
cardiocentesis or needle thoracostomy should be
performed. If no reversible cause can be deter-
mined, the patient should be given epinephrine
every 3-5 minutes. If the PEA rate is slow, atropine
can also be given. Unless a reversible cause is dis-
covered, the prognosis of PEA is poor, with only
1-4% of patients surviving to hospital discharge.

Tachycardias

Tachycardias may be common in patients prior
to hemodynamic collapse. There are numerous
reasons for patients to have tachycardia, not all
of which cause hemodynamic compromise. The
key issue in patients with tachycardia is whether
or not the patient tolerates their heart rate. In
other words, is the patient stable and able to sup-
port a reasonable blood pressure that provides
perfusion to the brain at that heart rate. Using the
heart rate alone to determine hemodynamic sta-
bility is inappropriate. Other issues to investigate
include whether or not the tachycardia is causing
the patient’s symptoms, whether it is regular
or irregular, has narrow or wide complexes,
and what might be the underlying cause (or
causes). The diagnosis and management of brady-
arrhythmias and tachyarrhythmias is discussed
in greater detail in Chapter 4.

History

Obtaining historical information about a patient
in cardiac arrest can be difficult. Utilizing other
resources becomes paramount. Information must
be gathered from pre-hospital providers, family,
previous medical records, medication lists, or
primary care physicians. Clues on the patient’s
body (wallet, ID bracelet, traumatic injuries, nee-
dle marks, scars, dialysis shunts) may be identi-
fied. An attempt to learn the following information
should be made:

What were the events surrounding the arrest?

Determine whether the patient had a witnessed
arrest or was found unconscious. What was the
approximate duration of time prior to initiation
of CPR (downtime)? Patients with shorter down-
times have a better chance of recovery. Ask
whether the patient was having any concerning

symptoms prior to the arrest like chest pain, pal-
pitations, or shortness of breath.

What has been the extent of the
resuscitation thus far?

Determine the patient’s initial cardiac rhythm
and any subsequent changes in rthythm through-
out the resuscitation. Find out which interven-
tions have been made including defibrillation,
airway intervention, and medications, and the
patient’s response to these interventions.

What is the patient’s past medical history?

Concentrate on the patient’s cardiac history and
risk factors for coronary artery disease. Heart dis-
ease is the most common cause of dysrhythmias
and sudden cardiac death. Knowing the patient’s
prior medical problems or medications can point
to other possible causes of the cardiac arrest.

This information is likely to be obtained while
the patient is being resuscitated or stabilized.
Another member of the health care team may
search for it if the physician cannot leave the bed-
side. Much of this information may be obtained
from family members. It is important to ask
questions in a concise but sensitive manner.
Communicate the critical nature of the situation
while providing reassurance that care is being pro-
vided and that the patient is not suffering. If appro-
priate, itis also important to reassure the family that
they did not cause or contribute to the situation.

Physical examination

Following the secondary survey, the physical
examination should focus on vital systems and
additional clues that might point to the cause of
the arrest. The physician should begin with the
baseline rhythm and vital signs (if they are pres-
ent). A quick cardiopulmonary examination will
determine cardiac activity, pulses, and the pres-
ence or absence of breath sounds. If the patient is
already intubated, the adequacy of the airway
should be rechecked. A quick head to toe survey,
including the skin and neurologic examination
may provide further clues. Subsequent examina-
tions should focus on assessing the response to
interventions. After every intervention, vital signs
and rhythm should be reassessed for any change.
A focused examination should be repeated after
each procedure to assess for possible complica-
tions (Table 3.1).
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Table 3.1 Physical examination findings indicating potential cause of cardiac arrest and complications of therapy

Physical examination Abnormalities Potential causes
General Pallor Hemorrhage
Cold Hypothermia
Airway Secretions, vomitus, or blood Aspiration
Airway obstruction
Resistance to positive-pressure ventilation Tension pneumothorax
Airway obstruction
Bronchospasm
Neck Jugular venous distention Tension pneumothorax

Tracheal deviation
Chest Median sternotomy scar

Lungs Unilateral breath sounds

Distant or no breath sounds,
or no chest expansion

Wheezing

Rales
Heart Audible heart tones
Abdomen Distended and dull

Distended, tympanitic

Rectal Blood, melena

Extremities Asymmetric pulses
Arteriovenous shunt or fistula

Skin Needle tracts or abscesses
Burns

Cardiac tamponade
Pulmonary embolus

Tension pneumothorax
Underlying cardiac disease

Tension pneumothorax
Right mainstem intubation
Aspiration

Esophageal intubation
Airway obstruction
Severe bronchospasm
Aspiration
Bronchospasm
Pulmonary edema
Aspiration

Pulmonary edema
Pneumonia

Hypovolemia

Cardiac tamponade
Tension pneumothorax
Pulmonary embolus

Ruptured abdominal aortic aneurysm
or ruptured ectopic pregnancy

Esophageal intubation
Gastric insufflation

Gastrointestinal hemorrhage

Aortic dissection
Hyperkalemia

Intravenous drug abuse

Smoke inhalation
Electrocution

Source: From Marx J (ed.). Rosen’s Emergency Medicine Concepts and Clinical Practice. St. Louis: Mosby, Inc, 2002.

Diagnostic studies

Given that more than half of cardiopulmonary
arrests in the adult US population are cardiac
in origin, the most important diagnostic stud-
ies include the 12-lead electrocardiogram (ECG)

and continuous cardiac monitoring. The physi-
cian should look for ST-segment elevation
consistent with an acute myocardial infarction,
T-wave changes consistent with hyperkalemia,
or ECG changes consistent with various toxin
exposures.
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Arterial blood gas (ABG) measurements may
offer insight into the patient’s acid-base status by
providing the patient’'s pH and bicarbonate
levels. Blood gas measurements can also assist
the practitioner with optimizing a patient’s ven-
tilator settings if the patient is intubated. In the
patient who is spontaneously breathing, blood
gases can help the physician determine whether
mechanical ventilation would improve the
patient’s oxygenation and ventilation.

Serum electrolytes should be measured to
identify the presence of life-threatening hyper-
kalemia and renal failure. A glucose measurement
should be done initially during the resuscitation,
as profound or protracted hypoglycemia can lead
to cardiac arrest.

If the historical data, clinical picture, and
physical examination suggest the possibility of
a toxicologic cause for the arrest, the patient’s
serum and urine should be sent for analysis.
Levels of prescription or over-the-counter drugs
that can contribute to arrest should be measured.
Treatment may be required based on the suspi-
cion of toxicity, as levels may not be back promptly.

A chest X-ray is a mandatory diagnostic study
that may help establish a definitive diagnosis in a
patient with cardiopulmonary arrest, especially if
the precipitating cause was pulmonary in origin.
The chest radiograph can also confirm correct
placement of the endotracheal tube, central access
catheters, and nasogastric (NG) tube.

The use of bedside ultrasonography in patient’s
with cardiac arrest has become more widespread,
in an attempt to identify any cardiac activity in
the pulseless patient. It can differentiate asystole
from VF and confirm PEA. Pericardial effusions
resulting in tamponade can also be identified.
Transesophageal ultrasound or echocardiography
may be used to look for the presence of embolus
in the pulmonary vasculature.

Post-resuscitation care

More often than not, patients who have been resus-
citated following cardiac arrest are hemodynami-
cally unstable, ventilator-dependent and comatose.
Aggressive management post-resuscitation is
essential to maximize their chances for recovery.

The immediate goals for post-resuscitation
care include the following list:

1. Provide cardiorespiratory support to optimize
tissue perfusion, especially to the brain.

2. Transport the patient to an appropriate
intensive or critical care unit (ICU or CCU). If

one is not available, the patient should be
transferred to a tertiary institution that can
provide critical care.

3. Continue efforts to identify the precipitating
causes of the arrest.

4. Institute measures to prevent recurrence,
including but not limited to maintenance of
antiarrhythmic drips when appropriate.

All patients require a repeat thorough physi-
cal examination. Particular attention should be
paid to the patient’s cardiopulmonary status. A
chest X-ray should be reviewed or obtained to
confirm endotracheal tube position. Ventilator
settings should be adjusted to the necessary level
of mechanical support as determined by arterial
blood gas values and the patient’s spontaneous
efforts. A 12-lead ECG should be repeated
and compared to previous tracings. Continuous
cardiac monitoring must be maintained. In the
hemodynamically unstable patient, assess circu-
lating fluid volume, urine output, and ventricu-
lar function to determine the need for additional
crystalloid replacement or vasopressor infusion.
Invasive hemodynamic monitoring, such as arte-
rial lines and Swan Ganz catheters, should be
considered, although controversy exists regard-
ing the necessity of such monitoring in the ED.
Laboratory evaluations of electrolytes, cardiac
markers, or drug levels should be reviewed,
including the reassessment of the patient’s acid—
base status. All patients resuscitated from VF or
VT should receive antiarrhythmic therapy dur-
ing the first 24 hours post-resuscitation.
Assignificant amount of brain damage can occur
when blood flow to the brain is re-established after
resuscitation. This reperfusion injury involves
many physiologic processes and is not completely
understood. It is important to maintain blood pres-
sure, acid—base status, oxygenation, and adequate
sedation during the post-resuscitation period in
order to improve long-term neurologic outcome.

Termination of efforts

Despite our best efforts, some patients cannot be
resuscitated. The decision to terminate efforts at
saving a life can be a difficult one. Many factors
need to be considered, including time to the initia-
tion of CPR, time to defibrillation, co-morbid dis-
ease, age of the patient, initial rhythm, quality of
life prior to the arrest, and expected quality of
life if resuscitated. The most important prognostic
factor is the duration of cardiac arrest. The chance
of being discharged from the hospital alive and
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neurologically intact diminishes as resuscitation
time increases. Available scientific studies have
shown that prolonged resuscitation efforts are
unlikely to be successful if there is no return of
spontaneous circulation at any time during 30
minutes of cumulative ACLS. Reversible causes of
cardiac arrest such as drug overdose, electrolyte
abnormalities, or profound hypothermia should
be taken into account when considering termina-
tion of efforts. Treatment of these causes may
improve the efficacy of the resuscitation effort and
the patient’s chances of survival.

Hypothermia (core body temperature of
<30°C/86°F) is associated with marked depres-
sion of cerebral blood flow, oxygen requirement,
cardiac output, and arterial pressure. Hypo-
thermia may exert a protective effect on the brain
and other organs in cardiac arrest. Although rare,
full resuscitation with intact neurologic recovery
may be possible after prolonged hypothermic car-
diac arrest. Research is ongoing to determine the
role of induced hypothermia in cardiac arrest.

When all Basic Life Support (BLS) or ACLS
measures have been reasonably attempted and
the likelihood of survival is minimal, resuscita-
tion efforts should be discontinued. Informing
family members of the death of a loved one is a
very difficult responsibility faced by emergency
physicians. Prior to such a disclosure, family
members should be gathered in a quiet and pri-
vate area. Social service personnel and nursing

staff should be asked to assist. It is best to be
honest and straightforward using language that
is appropriate for the family’s education level and
culture. Briefly relate the circumstances regarding
the resuscitation efforts ending with the news
that their loved one is dead. Avoid terminology
such as “passed away” or “is gone,” which may
lead to confusion. Family will often want to know
what, if anything, they could have done to
change the outcome. It is important to reassure
them that they did nothing wrong if this is appro-
priate. Enlist the support of social services, clergy,
or other culturally-appropriate personnel to assist
you with some of the associated issues, such as
autopsy, organ donation, and viewing the body.
Express your sympathy and make sure that there
is reasonable social support before leaving.

Special patients

The evaluation and treatment of cardio-
pulmonary arrest is particularly challenging in
the pediatric population. Unlike adults, pediatric
cardiac arrests are most commonly the result of
respiratory causes. Reduced familiarity with pro-
cedures as well as anatomic issues (i.e., decreased
size of structures) make definitive airway man-
agement and vascular access more challenging in
pediatric patients. In addition, psychosocial issues
are generally more complex in these patients.
Neonatal Advanced Life Support (NALS), Pediatric

Temperature (warm and dry)
Airway (position and suction)
Breathing (stimulate to cry)
Circulation (heart rate and color)

Assess and
support

Always needed
by newborns

Assess baby’s response to birth /

Keep baby warm
Position, clear airway, stimulate to breathe
by drying, and give oxygen (as necessary)

Establish effective ventilation

Needed less - Bag and mask

fi /)

requently ¢ Tracheal intubation
1
: Provide chest
| compressions

Flr;arz’e'Ig v;r;;iesd Administer

y medications,
1
1
1
|

Figure 3.6

Neonatal resuscitation inverted pyramid. Reproduced with permission, PALS Provider
Manual, © 2002, Copyright American Heart Association.
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Advanced Life Support (PALS), and Advanced
Pediatric Life Support (APLS) courses exist to teach
these differences. The cardiopulmonary arrest
algorithms are similar between children and adults,
although the energy of defibrillation and medica-
tion dosing are weight-based. The Broselow tape
which bases a neonate’s or child’s weight on the
length is an essential piece of equipment for pedia-
tric resuscitation. It has the appropriate medica-
tion doses, equipment sizes, and defibrillation
energies listed for the appropriate length (weight),
and is color coded. Many EDs arrange the pedia-
tric resuscitation equipment by these colors, in
order to make the appropriate equipment more
readily accessible during resuscitation.

The algorithms for neonatal and pediatric
resuscitations are included (Figures 3.6-3.9).
Detailed discussions of these scenarios are beyond
the scope of this chapter. There no longer seems to
be controversy regarding parents or family mem-
bers witnessing resuscitation attempts. This offers
family members the chance to see the health care
team doing their best under difficult circum-
stances, and affords family members the opportu-
nity to more readily accept any outcomes. Again,
support staff should be made available during
these difficult situations. It is recommended that
debriefing opportunities for the emergency health
care team be arranged in a timely manner, for as
many providers as possible. These are best lead by

as needed
Provide oxygen

BLS algorithm: Assess and support ABCs

Attach monitor/defibrillator

v

Is bradycardia causing severe cardio-

No respiratory compromise? Yes
(Poor perfusion, hypotension, respiratory
difficulty, altered consciousness)
A
e Observe During CPR Perform chest compressions
e Support ABCs Attempt/verify if despite oxygenation and

* Consider transfer or
transport to ALS
facility

» Tracheal intubation and vascular
access

Check

» Electrode position and contact

* Paddle position and contact

* Pacer position and contact

Give

* Epinephrine every 3-5 minutes and
consider alternate medications:
epinephrine or dopamine infusions

Identify and treat possible causes
* Hypoxemia

* Hypothermia

* Head injury

* Heart block

* Heart transplant (special situation)
» Toxins/poisons/drugs

ventilation:

¢ Heart rate <60/minutes in
infant or child and poor
systemic perfusion

v

Epinephrine*

* [V/10: 0.01 mg/kg
(1:10,000; 0.1 ml/kg)

* Tracheal tube: 0.1 mg/kg
(1:1000; 0.1 ml/kg)

* May repeat every 3-5 minutes
at the same dose

v

Atropine* 0.02 mg/kg
(minimum dose: 0.1 mg)

* May be repeated once

v

Consider cardiac pacing

v

increased vagal tone or primary AV block.

[’Give atropine first for bradycardia due to suspected]

Figure 3.7

Pediatric Advanced Life Support pulseless arrest. CPR: cardiopulmonary resuscitation; ALS: Advanced Life

If pulseless arrest develops, see
Pulseless arrest algorithm

Support; BLS: Basic Life Support; 10: intraosseous. Reproduced with permission, PALS Provider Manual,
© 2002, Copyright American Heart Association.
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¢ BLS algorithm: Assess and support ABCs
as needed

¢ Provide oxygen

¢ Attach monitor/defibrillator

»{  Assess rhythm (ECG) )«

Not VF/VT
VFNT (includes PEA and asystole)
Attempt defibrillation During CPR
* Up to three times if needed Attempt/verify
snitialyelkgaesaia: * Tracheal intubation and vascular
4J/kg access
¢ Check ,
¢ Electrode position and contact
Epinephrine  Paddle position and contact Epinephrine
* |V/IO: 0.01 mg/kg Give * |V/IO: 0.01 mg/kg
(1:10,000; 0.1 mi/kg) 4P . Epinephrine every 3-5 minutes |4 (1:10,000; 0.1 mi/kg)
* Tracheal tube: 0.1 mg/kg (consider higher doses for second * Tracheal tube 0.1 mg/kg
(1:1000; 0.1 ml/kg) and subsequent doses) (1:1000; 0.1 ml/kg)
Attempt defibrillation with
4 J/kg* within 30—60 seconds
after each medication
* Pattern should be drug—
CPR-shock (repeat) or . ) .
drug—CPR-shock-shock— Consider alternative medications
shock (repeat) ¢ Vasopressors
¢ Antiarrhythmics (see box at left)
* Buffers
h 4 Identify and treat causes
Antiarrhythmic  Hypoxemia
* Amiodarone: 5 mg/kg * Hypovolemia
bolus IV/IO or . Hypothermia
* Lidocaine: 1 mg/kg bolus * Hyper/hypokalemia and metabolic
IVAIO/TT or «p| disorders
* Magnesium: 25—-50 mg/kg o Tamponade
IV/IO for torsades ¢ Tension pneumothorax A
de pointes or hypomag- « Toxins/poisons/drugs Continue CPR up to
nesemia (maximum: 2 g) « Thromboembolism Binuics —
h 4
Attempt defibrillation with
4 J/kg* within 30—60 seconds
after each medication
L—{ ¢ Pattern should be drug—
CPR-shock (repeat) or
S;%%;C(;R;zBOCk_ShOCK_ * Alternative waveforms and higher doses are class
P _ indeterminate for children.

Figure 3.8

Pediatric Advanced Life Support bradycardia. CPR: cardiopulmonary resuscitation; VF: ventricular fibrillation;
VT: ventricular tachycardia; 10: intraosseous; PEA: pulseless electrical activity; TT: Tracheal tube; BLS: Basic Life
Support. Reproduced with permission, PALS Provider Manual, © 2002, Copyright American Heart Association.
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¢ BLS algorithm: Assess, support ABCs

* Initiate CPR

* See pulseless arrest algorithm

¢ Pulse present?

¢ Attach monitor/defibrillator

* Provide oxygen and ventilation as needed

v

‘ ™
* 12-lead ECG if practical |
. i N
QRS duration normal for age Evaluate QRS duration QRS duration wide for age
(approximately =0.08 seconds) | (approximately >0.08 seconds)
During evaluation Identify and treat ¢

Evaluate the
tachycardia <

¢ Provide oxygen and

v

ventilation as needed

¢ Support ABCs

¢ Confirm continuous
monitor/pacer attached

¢ Consider expert consultation

¢ Prepare for cardioversion
(consider sedation)

¢ Pain

possible causes

¢ Hypoxemia

¢ Hypovolemia

¢ Hyperthermia

¢ Hyper/hypokalemia and
metabolic disorders

¢ Tamponade

¢ Tension pneumothorax

 Toxins/poisons/drugs

¢ Thromboembolism

» | Evaluate the
tachycardia

A
A

v

v

v

¢ History compatible
¢ P waves present/normal

Probable sinus tachycardia

¢ HR often varies with activity

¢ Variable RR with constant PR

¢ Infants: rate usually <220 bpm
 Children: rate usually <180 bpm

Probable supraventricular
tachycardia

e History incompatible with ST

* P waves absent/abnormal

* HR not variable with activity

* Abrupt rate changes

¢ Infants: rate usually >220 bpm

e Children: rate usually >180 bpm

Probable ventricular tachycardia
* Immediate cardioversion

0.5-1 J/kg

(consider sedation, do not

delay cardioversion)

Consider vagal maneuvers q
>

(no delays)

A4

v

Immediate cardioversion

2 J/kg if initial dose is
ineffective)
¢ Use sedation if possible
* Sedation must not delay
cardioversion

¢ Attempt cardioversion with
0.5—-1J/kg (may increase to

or Immediate IV/IO adenosine

¢ Adenosine: Use if IV access is
immediately available

* Dose: Adenosine 0.1 mg/kg IV/IO
(maximum first dose: 6 mg)

¢ May double and repeat dose once
(maximum second dose: 12 mg)

¢ Technique: Use rapid bolus technique

Consider alternative medications

¢ Amiodarone 5 mg/kg IV over
20-60 minutes

> or

* Procainamide 15 mg/kg IV over
30-60 minutes (do not routinely -
administer amiodarone and
procainamide together)

or

Figure 3.9

e Lidocaine 1 mg/kg IV bolus
(wide-complex only)

» Consult pediatric cardiologist

* 12-lead ECG

Pediatric Advanced Life Support tachycardia poor perfusion. CPR: cardiopulmonary resuscitation; HR: heart rate;
ST: sinus tachycardia; RR: R-R interval; PR: P-R interval; |O: intraosseous; BLS: Basic Life Support. Reproduced with
permission, PALS Provider Manual, © 2002, Copyright American Heart Association.
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personnel specifically trained in psychology,
psychiatry, or critical debriefing.

Pearls and summary
points

The highest potential survival rate from
cardiac arrest can be achieved when
following the “chain of survival.”

The brain and heart are the two organs most
susceptible to damage from cardiac arrest.
VF and pulseless VT remain the most common
underlying rhythms of adult cardiac arrest.
Many factors must be considered when
deciding whether to continue a resuscitation.
Prolonged resuscitation efforts are unlikely to
be successful if there is no return of
spontaneous circulation at any time during
30 minutes of cumulative ACLS.

Aggressive post-resuscitation care can limit
further cardiac and cerebral damage.
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4 Cardiac dysrhythmias

Swaminatha V. Gurudevan, MD

Scope of the problem

Cardiac dysrhythmias are an important first
manifestation of cardiovascular disease. Coron-
ary heart disease is the leading single cause
of death in the US, accounting for 21% of all
deaths. In the year 2000, approximately 681,000
Americans died of coronary heart disease,
amounting to one death every 60seconds. Even
more striking was the fact that nearly half of
these deaths occured before the patient reached a
hospital. Most of these were sudden deaths, usu-
ally resulting from ventricular fibrillation. In fact,
an estimated 491,000 deaths in 2000 had cardiac
dysrhythmias mentioned as a contributing factor.
Despite the strong link between cardiac dysrhyth-
mias and cardiovascular disease, thythm disturb-
ances may also occur in the absence of structural
heart disease or as a result of generalized systemic
illness.

Proper identification of cardiac dysrhythmias
is a vital skill for emergency providers. A critical
aspect is the differentiation of benign from

Sinoatrial node

Right atrium

Atrioventricular
node

Right bundle
branch

Right ventricle

Figure 4.1

malignant dysrhythmias. The appropriate identi-
fication of the rhythm disturbance and a solid
understanding of the underlying disease process
are critical to the appropriate short- and long-
term management of the patient. Dysrhythmias
can be broadly divided into three categories:
tachydysrhythmias, bradydysrhythmias, and dis-
orders of conduction. The recently updated
Advanced Cardiovascular Life Support (ACLS)
guidelines place a great emphasis not only on
identification of the rhythm disturbance, but also
on recognition of patients with left ventricular
(LV) systolic dysfunction, as these patients are
known to have a significantly higher mortality
from each dysrhythmia.

Anatomic essentials
The sinoatrial node

Normal cardiac conduction is initiated by the
dominant pacemaker of the heart, the sinoatrial
(SA) node (Figure 4.1). The SA node is located at

Left atrium

HIS bundle

Left bundle
branch

Left posterior
fascicle

Left ventricle

Left anterior
fascicle

The cardiac conduction system. Copyright © 2000, General Electric.

Principles of Emergency Medicine 63

selwylAyisAp oeipien



selwylAyasAp seipie)

the junction of the right atrium and superior vena
cava, and its vascular supply is from the SA
nodal artery, which originates from the right
coronary artery in 55% of patients and the left
circumflex artery in the remaining 45% of
patients. The SA node is innervated by parasym-
pathetic fibers from the vagus nerve and sympa-
thetic fibers from the thoracic sympathetic trunk.
Its normal discharge rate is between 60 and 100
times per minute.

The atrioventricular node

In the normal heart, conduction proceeds through
the atrial fibers to the atrioventricular (AV) node,
which is located beneath the right atrial endo-
cardium directly above the insertion of the septal
leaflet of the tricuspid valve. On the electrocar-
diogram (ECG), atrial depolarization is repre-
sented by the P wave (Figure 4.2). The AV nodal
artery provides the blood supply for the AV
node, arising in the majority of cases (90%) from
the right coronary artery. In patients with a left-
dominant or co-dominant coronary circulation
(10%), the AV nodal artery may arise from the left
circumflex. Physiologically, the AV node slows
conduction velocity to allow greater time for
ventricular filling during diastole. In addition, its
long refractory period protects the ventricles from
excessively rapid stimulation which could cause

inadequate diastolic filling time and acute cardiac
failure. The AV node is innervated by the same
parasympathetic and sympathetic fibers as the
SA node. On the ECG, the PR interval represents
the time between the onset of depolarization in
the atria and the onset of depolarization in the
ventricles, and is used as an estimation of AV
nodal conduction time. The normal PR interval is
between 0.12 and 0.20seconds. Prolongation of
the PR interval may occur as a result of excessive
vagal stimulation, drugs affecting the AV node,
AV nodal ischemia, or underlying conduction
system disease.

The His—Purkinje system

Depolarization proceeds from the AV node to the
bundle of His, which is composed of rapidly con-
ducting Purkinje fibers. The bundle divides in the
muscular interventricular septum into two major
branches: the left and right bundle branches,
which innervate the left and right ventricle (LV
and RV), respectively. The left bundle branch
divides into the left anterior and left posterior fas-
cicles. Ventricular conduction and depolarization
through the His—Purkinje system are represented
on the surface ECG by the QRS complex. Normal
QRS width is 0.06-0.10 seconds. Widening of the
QRS complex beyond 0.12seconds represents
ventricular conduction delay, which can occur as

L 1sec >
0o ses 0.04 sec (1000 msec)
i ° (20'0 msec): (i(l'mske_c) [Paper speed — 25 mm/se:(>
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I I
f 1 small square = 1mm (0.1 mV) . 1 small square = 0.04 sec (40 msec)
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Figure 4.2

Components of the electrocardiogram. Copyright © 2000, General Electric.
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a result of bundle branch blocks, aberrant con-
duction, electrolyte abnormalities, drugs affect-
ing the myocardium, or rhythms that originate in
the ventricular myocardium.

Ventricular repolarization

Repolarization of the ventricular myocardium is
represented by the T-wave. Mechanical contrac-
tion typically follows depolarization through
excitation—contraction coupling and fractional
shortening of cardiac myocytes. The QT interval,
which represents ventricular depolarization and
repolarization time, is dependent to some extent
on heart rate. A corrected QT interval (QT,) is
obtained by dividing the measured QT interval by
the square root of the RR interval. A normal QT is
less than 0.47seconds. Prolongation of the QT
interval can occur secondary to drug effects, elec-
trolyte abnormalities, and congenital abnormal-
ities; a prolonged repolarization period increases
the “vulnerable period” of the ventricle, during
which premature ventricular contraction can
trigger a reentrant ventricular tachydysrhythmia.

Tachycardias and bradycardias

The normal range of heart rates in a healthy
adult with an intact sinus node is 60-100beats
per minute. Bradycardia is defined as a heart rate
less than 60 beats per minute, while tachycardia is
defined as a heart rate greater than 100beats
per minute.

History

The history is the most important component in
the evaluation of a patient with a cardiac dys-
rhythmia. Patients with cardiac dysrhythmias
may complain of palpitations, or the sensation of
a rapid or irregular heart rhythm. They may not
notice the abnormal heart rhythm, and may
instead complain of chest pain, shortness of
breath, lightheadedness, fatigue, presyncope,
syncope, or convulsions.

Do you have chest pain or shortness
of breath?

Chest pain or shortness of breath may reflect
underlying cardiac ischemia. Patients with
underlying coronary artery disease (CAD) can
experience symptoms of demand-related

ischemia during a tachydysrhythmia or a brady-
dysrhythmia. Alternatively, ischemia can cause
both tachydysrhythmias and bradydysrhyth-
mias. In fact, sudden death from unstable tachy-
dysrhythmias such as ventricular fibrillation
(VF) and ventricular tachycardia (VT) represent
the leading cause of out-of-hospital death from
cardiac causes. A history of exertional or rest
angina may provide clues to an acute coronary
syndrome. Similarly, a history of orthopnea,
paroxysmal nocturnal dyspnea, or lower extrem-
ity edema may suggest underlying LV dysfunc-
tion, which would increase the risk of sudden
death from ventricular tachydysrhythmias.

Did you feel lightheaded, dizzy, or lose
consciousness?

Syncope is an important finding, as it portends a
poorer prognosis in patients with either tachy-
dysrhythmias or bradydysrhythmias, mandating
an aggressive workup to exclude an dysrhythmo-
genic cause of syncope. Cerebral hypoperfusion
from lack of cardiac output is the mechanism of
cardiogenic syncope; cerebral hypoperfusion can
also manifest as a seizure or an alteration in level
of consciousness.

When did your symptoms begin, and if they
are episodic, how often do they occur and
how long do they last?

If the patient complains of chest pain or palpita-
tions, it is crucial to know how long these symp-
toms last when they occur (seconds, minutes, or
hours). How many times a day or week do they
occur? During the workup of a cardiac dysrhyth-
mia, it is important to correlate the presence
of the dysrhythmia with concomitant clinical
symptoms — chest pain, shortness of breath, or
presyncope/syncope. The frequency of symp-
tom occurrence may dictate the type of monitor-
ing device (Holter or event monitor) to use when
planning an outpatient workup.

Do you have a previous history of coronary
artery disease (CAD), congestive heart
failure (CHF), dysrhythmias, or valvular
heart disease? Have you had prior cardiac
surgery?

Given that CAD, CHE and primary dysrhyth-
mias are recurrent illnesses, it is important to

identify those patients with a prior history of
CAD or CHF, as these patients may be more
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likely to manifest certain dysrhythmias. Valvular
heart diseases such as mitral stenosis and mitral
regurgitation can predispose to atrial tachydys-
rhythmias. Atrial fibrillation, AV nodal reentrant
tachydysrhythmias, and ventricular tachydys-
rhythmias can have a relapsing and remitting
course, and often recur. Certain dysrhythmias,
especially atrial fibrillation and VT, can occur
following cardiac surgery. These rhythm distur-
bances have a different management and prog-
nosis in this setting.

Do you have a pacemaker or implanted
defibrillator?

Pacemakers are typically implanted for sympto-
matic bradydysrhythmias such as sinus brady-
cardia, sick sinus syndrome, or high-degree AV
block. A four- or five-letter code assigned to each
type of pacemaker describes the chamber paced,
the chamber sensed, the response to sensing, and
the rate adaptation programmability of the pace-
maker. For example, a VVIR pacemaker is a single-
chamber pacemaker that paces the ventricle (V),
senses the ventricle (V), inhibits pacing (I) if a
native beat is sensed, and has rate modulation
programmability (R). A DDDR pacemaker is a
dual-chamber pacemaker that paces both the
atrium and the ventricle (D), senses both the
atrium and the ventricle (D), either inhibits pacing
of or triggers pacing of both the atrium and the
ventricle (D) in response to sensing, and is rate
modulation programmable (R). Newer biventric-
ular pacemakers have a third lead in the coronary
sinus that allows for synchronized pacing of the
LV and RV.

Implantable cardioverter defibrillators (ICDs)
are more common today given recent clinical
trials demonstrating their effectiveness in pre-
venting sudden death in certain patients. These
include patients with CAD and LV dysfunction
or patients with prior episodes of VT or resusci-
tated ventricular fibrillation arrest (termed
sudden cardiac death). They are almost always
dual-chamber devices and also function as
pacemakers.

Both pacemakers and ICDs have a stored mem-
ory that can be interrogated by the pacemaker
company representative or, in many cases, a
skilled cardiologist. This information can be
extremely helpful in the analysis of a current or
recent dysrhythmia and can serve as a “continu-
ous telemetry box” for the patient. The patient typ-
ically carries a card with the pacemaker company
and the model, and a company representative is

generally available 24hours a day to interrogate
the pacemaker if necessary.

Ask for a complete list of medications,
including cardiac medications, non-
prescription medications, herbal, and
alternative medicines. Ask about illicit
substance abuse.

Medications and drug interactions are an impor-
tant cause of bradydysrhythmias, tachydys-
rhythmias, and conduction system disorders.
Beta-blockers (atenolol, metoprolol, carvedilol)
and calcium channel blockers (verapamil, dilti-
azem) can be negatively chronotropic and con-
tribute to bradydysrhythmias and conduction
system disorders. Digoxin toxicity can be respon-
sible for bradydysrhythmias, conduction system
disorders, and tachydysrhythmias by increasing
the parasympathetic tone at the SA and AV nodes
and by increasing automaticity in the ventricular
myocardium. Antihistamines, neuroleptics, and
gastrointestinal (GI) medications such as meto-
clopramide can prolong the QT interval and
thereby predispose to ventricular tachydys-
rhythmias. Herbal medications such as ephedra
(Ma Huang) or jimsonweed tea can have sympa-
thomimetic or anticholinergic effects, respec-
tively. Excessive caffeine intake can have a
sympathomimetic effect, and can shorten the
refractory period in the slow pathway of the AV
node, predisposing one to AV nodal reentrant
tachycardia (AVNRT). Sympathomimetic drug
abuse (cocaine, crystal methamphetamine) usu-
ally causes tachydysrhythmias. Injection drug
use can contribute to the development of infec-
tious endocarditis, which may manifest as
heart block.

Do you have any other medical problems,
such as chronic obstructive pulmonary
disease, renal failure, or thyroid disease?

Chronic pulmonary diseases can predispose
patients to atrial tachydysrhythmias, especially
multifocal atrial tachycardia (MAT). Inhaled
beta-agonists and anticholinergic agents used to
treat chronic obstructive pulmonary disease
(COPD) and asthma can contribute to tachydys-
rhythmias as well. Renal failure can contribute to
hyperkalemia, which may cause heart blocks and
bradydysrhythmias, and worsens digoxin toxic-
ity. Hypocalcemia from chronic renal failure can
cause prolongation of the QT interval
Hypothyroidism can present with significant
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sinus bradycardia. Thyrotoxicosis can present
with sinus tachycardia and is an important cause
of atrial fibrillation.

Is there a family history of dilated
cardiomyopathy, sudden cardiac death, or
early coronary artery disease?

Patients with a strong family history have a
higher risk of similar diseases and carry a poorer
prognosis. Dilated cardiomyopathy is known to
be an X-linked genetic disease. Certain heredi-
tary conditions such as Brugada syndrome pre-
dispose individuals to VT and sudden cardiac
death. A history of a first-degree relative with
CAD before the age of 50 years is an independent
risk factor for coronary events.

Physical examination
General appearance

This is perhaps the most important part of the
physical examination in terms of guiding the
management of a cardiac dysrhythmia. Does
the patient appear ill? Is the patient clinically sta-
ble or unstable? A patient is clinically unstable if
they have evidence of end-organ hypoperfusion
as a direct result of the dysrhythmia. This may be
manifested as severe chest pain, hypotension
due to myocardial ischemia, or respiratory fail-
ure with pulmonary edema. Patients who
are clinically unstable require immediate aggres-
sive, focused management of their dysrhythmia
including medications, cardioversion, defibrilla-
tion, or pacing according to ACLS guidelines.
Patients who are clinically stable can be evalu-
ated and treated in a more methodical fashion.

Vital signs

Is the patient hypertensive or hypotensive? The
absolute blood pressure may be deceiving, and
comparing the current blood pressure with pre-
vious normal blood pressures should be done.
For example, a blood pressure of 100/50 mmHg
in an elderly patient with hypertension and CAD
whose normal blood pressure is 160/90 mmHg
may be more significant than a blood pressure of
85/50mmHg in a young, healthy female without
prior history of cardiac disease. Assess the heart
rate as well as the caliber and regularity of the
pulses. Atrial fibrillation typically presents with
an irregularly irregular pulse.

Skin

Inspect the skin for pallor, cyanosis, or duskiness
which reflects tissue hypoperfusion. Palpate the
skin to assess the temperature and moisture. In
thyrotoxicosis, the skin is typically warm and
moist; cool or clammy skin suggests hypoper-
fusion.

Head, eyes, ears, nose, and throat

Look for exophthalmos, which may be a physical
finding of Graves’ disease. Look for nasal flaring
which may reflect acute respiratory distress and
air hunger. Examination of the oral mucous
membranes provides clues towards the patient’s
hydration status. Look for perioral cyanosis,
another sign of tissue hypoperfusion.

Neck

Inspect the level of the jugular venous pulsations
to assess the patient’s volume status. Press below
the costal margin to assess for hepatojugular
reflux. When seen, cannon A waves in the jugular
venous pulse suggest AV dissociation, which can
occur in third-degree heart block and VT. The
cannon A waves reflect atrial contraction against
a closed tricuspid valve. Inspect the thyroid
gland for a goiter, thyroidectomy scar, or any
nodularity.

Cardiovascular

Inspect the chest wall for the point of maximal
impulse (PMI). Palpate the PMI and note any
displacement. The normal position of the PMI is
the 5th intercostal space in the midclavicular
line. Inferior and lateral displacement of the
PMI to the anterior axillary line or midaxillary
line can occur with progressive LV dilation and
failure. Palpate for an RV parasternal heave
which can reflect RV failure. Next, auscultate
the heart, listening for the regularity of rhythm,
the loudness and splitting of S1 and S2, and for
systolic or diastolic murmurs. Atrial fibrillation
is most commonly associated with an irregu-
larly irregular rhythm. A left bundle branch
block can cause S2 to be paradoxically split
(A2 will come after P2 and inspiration will cause
the split to come together). A right bundle branch
block can cause wider splitting of S2. Listen for
an S3 gallop which reflects LV failure. Finally,
assess the quality of the pulses and evaluate
capillary refill.
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Chest and lungs

Look for a midline sternotomy scar that may
reflect prior cardiac surgery. Inspect for acces-
sory muscle use for breathing. Pulmonary rales
or wheezes may reflect volume overload and LV
failure. Percuss the chest wall for dullness and
listen for decreased breath sounds; these find-
ings may suggest a pleural effusion and volume
overload.

Abdomen

Inspect for any evidence of abdominal distention
or ascites. Palpate the liver edge; a pulsatile liver
may reflect pulmonary hypertension with signi-
ficant tricuspid regurgitation.

Extremities

Inspect the extremities for their degree of warmth.
The presence of cyanosis or clubbing may indicate
chronic pulmonary disease. Pitting edema may
reflect volume overload.

Neurologic

Assess the level of consciousness. Is the patient’s
mental status different from baseline? Is there a
focal neurologic deficit that warrants investiga-
tion of a cerebrovascular accident related to the
dysrhythmia?

Diagnostic testing
Electrocardiogram with rhythm strip

A 12-lead ECG is an essential part of the initial
evaluation of a patient with a cardiac rhythm dis-
turbance. All patients with a cardiac dysrhythmia
should be on continuous telemetry monitoring
and have a 12-lead ECG performed on arrival to
the emergency department.

Radiologic studies

All patients should have a portable chest X-ray
performed to evaluate the cardiac silhouette,
assess for pulmonary vascular congestion, and
confirm the appropriate placement of pacemaker
or defibrillator leads, if present. Pacemaker lead
fractures, although difficult to identify, may be a
cause for pacemaker malfunction or failure.

Laboratory studies
Cardiac enzymes

Serum creatine kinase (CK), CK-MB, and troponin
I should be ordered in all patients in whom
myocardial ischemia is suspected. CK-MB begins
to rise 4hours after myocardial injury, but is not
always specific for myocardial injury. Troponin I
rises 6 hours after myocardial injury, and remains
elevated for several days following the injury. It is
nearly 100% specific for myocardial injury, and
can establish that myocardial necrosis has
occurred so that appropriate disposition and treat-
ment of the patient can be carried out. In addition,
troponin I helps to risk stratify patients presenting
with a cardiac dysrhythmia, as those with elevated
troponin Is are likely to have myocardial damage.

Electrolytes

A stat serum electrolyte panel should be
obtained in every patient with a new cardiac
dysrhythmia. In particular, serum potassium,
calcium, and magnesium should be evaluated.
If the patient is clinically unstable, some of these
tests can be ordered as part of an arterial blood
gas analysis, with the results available more rap-
idly. Hyperkalemia predisposes the patient to
bradydysrhythmias and heart block. It causes
flattening of the P wave, peaking of the T-wave,
and widening of the QRS complex. Conversely,
hypokalemia may predispose individuals to ven-
tricular tachydysrhythmias. Severe hypokalemia
results in a more prominent P wave, a flattened
T-wave, and a prominent U-wave seen following
the T-wave on the surface ECG. Hypocalcemia
may prolong the QT interval, while hypercal-
cemia can result in shortening of the QT interval.
Serum magnesium levels are also important, as
levels influence the body’s potassium homeosta-
sis. Hypomagnesemia can cause prolongation of
the QT interval and predispose a patient to tor-
sades de pointes.

Thyroid function tests

A serum thyroid-stimulating hormone (TSH)
should be obtained in patients with new onset
atrial fibrillation or inappropriate sinus tachycar-
dia. If the TSH is abnormal, a complete thyroid
panel should also be obtained. Similarly, patients
with unexplained sinus bradycardia should have
a TSH drawn to rule out significant hypothy-
roidism. Although these results are rarely
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available during a patient’s emergency depart-
ment course, they are of use to the physician
who admits the patient or sees the patient in
follow-up.

Drug levels

A digoxin level should be obtained in patients
taking this medication. Digoxin toxicity should
be suspected if the patient presents with sympto-
matic bradycardia, high-grade AV block, atrial
tachycardias with block, or bidirectional VT. A
urine toxicology screen should also be obtained,
especially from those patients in whom illicit
sympathomimetic substance abuse is suspected.

Management of
bradydysrhythmias
General management

After assessing and securing (if necessary) the
airway, breathing, and circulation, obtaining
intravenous (IV) access, and placing the patient
on a cardiac monitor, a 12-lead ECG should be
obtained. Stat bloodwork should be ordered as
discussed.

First, assess for the presence of serious signs
or symptoms due to the bradydysrhythmia.
These include hypotension, impaired tissue per-
fusion, or any alteration in sensorium. If present,
treatment should be initiated immediately.

IV fluids should be started if there is no
overt evidence of CHF. Atropine should be given
as it is effective in reversing supranodal causes of
bradycardia and may reverse functional AV
nodal conduction block. Two milligrams of
atropine causes complete vagal blockade, so it is
unlikely that doses higher than this will con-
tribute to improvement. However, research is
ongoing about the appropriate maximum dose.
ACLS guidelines recommend a maximum dose
of 0.04 mg/kg for symptomatic bradycardia.

If symptomatic bradycardia persists, the
next medication to administer is IV dopamine at
the beta-receptor dosing range of 5-20mcg/
kg/minute. Dopamine is both positively
chronotropic and ionotropic, and may assist with
hypotension. It should be given through a central
line if possible to avoid dopamine-induced skin
necrosis. Other medications that may be useful
are IV epinephrine, a beta-predominant sympa-
thomimetic agent, and isoproterenol, a pure
sympathomimetic beta-agonist (Figure 4.3).

If serious signs and symptoms of bradycardia
persist despite appropriate medical therapy,
transcutaneous pacing should be initiated with
preparations for urgent temporary transvenous
pacemaker placement.

Management of specific
bradydysrhythmias

Sinus bradycardia

Sinus rates of less than 60 beats per minute are
termed sinus bradycardia. Sinus bradycardia is
commonly observed in individuals with a high
resting vagal tone (athletes) or patients on nega-
tively chronotropic medications (beta-blockers,
calcium channel blockers, digoxin, amiodarone,
and clonidine). Sinus bradycardia can also be
seen early in the course of an acute inferior wall
myocardial infarction, triggered by parasympa-
thetic stimulation, known as the Bezold-Jarisch
reflex.

Sinus bradycardia should only be treated if
there are associated symptoms. Elimination of
reversible aggravating factors is an essential first
step in management. This includes discontinuing
negatively chronotropic medications and consid-
ering administration of reversal agents (IV
glucagon for beta-blockers, IV calcium gluconate
for calcium channel blockers, and Digibind™ for
digoxin). If the symptoms persist despite discon-
tinuation of all bradycardia-aggravating medica-
tions or if the medications are essential to the
patient’s overall management, permanent pace-
maker placement is indicated. Patients with an
inappropriate sinus bradycardia should be inves-
tigated to rule out myocardial ischemia, significant
hypothyroidism, adrenal insufficiency, overmed-
ication, or certain uncommon infectious diseases.

Ectopic atrial rhythm or wandering
atrial pacemaker

This dysrhythmia is caused by an ectopic atrial
focus distinct from the sinus node that represents
the dominant sinus rthythm. On the ECG, ectopic
P waves are recognized as being different from
those in the patient’s usual rhythm, and the PR
interval may vary from the patient’s baseline PR
interval, depending on the location of the ectopic
atrial focus. If three or more different atrial foci
are seen, the rhythm is termed a wandering atrial
pacemaker. These rhythms do not have clinical
significance, and no specific treatment is
required unless warranted by symptoms.
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Sinoatrial block (sinus exit block)

Sinoatrial (SA) block is characterized by the
absence of atrial depolarization. This can occur
due to the SA node’s failure to generate an
impulse or failure of the SA nodal impulse to con-
duct to the atria. On the ECG, P waves are typically

absent. The most common factors that predispose
to SA block are ischemia, hyperkalemia, excessive
vagal tone or negative chronotropic drugs.
Typically, an alternate region of myocardium
becomes the dominant pacemaker and manifests
an escape rhythm. Junctional escape rhythms are

Bradycardias
Slow (absolute bradycardia = rate <60 bpm)
or
Relatively slow (rate less than expected
relative to underlying condition or cause)

A

Assess ABCs

Primary ABCD survey

Secure airway non-invasively
Ensure monitor/defibrillator is available

Secondary ABCD survey

* Assess secondary ABCs (invasive airway
management needed?)

Oxygen-—IV access—monitor—fluids

Vital signs, pulse oximeter, monitor BP
Obtain and review 12-lead ECG

Obtain and review portable chest X-ray
Problem-focused history
Problem-focused physical examination
Consider causes (differential diagnoses)

v

Due to the bradycardia?

[Serious signs or symptoms? ]

No

Yes

v

Type Il second-degree AV block
or
Third-degree AV block?

No

v

Intervention sequence

* Atropine 0.5-1.0 mg

» Transcutaneous pacing if available
* Dopamine 5—20 mcg/kg/minute

* Epinephrine 2—10 mcg/minute

e |soproterenol 2—10 mcg/minute

Yes

v

Observe

Figure 4.3

v

¢ Prepare for transvenous pacer

 |f symptoms develop, use
transcutaneous pacemaker until
transvenous pacer placed

Bradycardias. bpm: beats per minute; ABCD: Airway, Breathing, Circulation, Defibrillation. Reproduced
with permission, ACLS Provider Manual, © 2001, Copyright American Heart Association.
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usually narrow-complex rhythms at 45-60beats
per minute, while escape rhythms originating
from the His-Purkinje system are wide-complex
with a rate of 30—45beats per minute. Treatment
of SA block with escape rhythms is indicated
based on the patient’s symptoms.

Sick sinus syndrome

Sick sinus syndrome is a syndrome of abnormal-
ities in cardiac impulse formation and AV con-
duction that manifest as combinations of
tachydysrhythmias and bradydysrhythmias. It is
also referred to as fachy-brady syndrome. Most
patients present to the emergency department
with symptomatic bradydysrhythmias and a his-
tory of episodic palpitations. The ECG manifes-
tations include SA block, sinus or atrial
bradycardia with bursts of an atrial tachydys-
rhythmia (usually atrial fibrillation). Treatment
of this syndrome is directed towards the specific
manifestation of the syndrome — either augmen-
tation of rate with atropine if the patient has
bradycardia or rate control of an atrial tachydys-
rhythmia with a beta-blocker, calcium channel
blocker, or digoxin. One must exercise caution
with these agents, as they may lead to excessive
tachycardia or bradycardia. In the long term,
most patients require a permanent pacemaker
for support during excessive sinus bradycardia
and an antidysrhythmic medication to suppress
tachydysrhythmias.

First-degree atrioventricular block

AV block is divided into three grades, based on
the ECG characteristics and the degree of the
block. AV block is the result of impaired conduc-
tion through the atria, AV node, or His—Purkinje
system.

First-degree AV block is defined as prolonged
AV conduction without loss of conduction of any
single atrial impulse. On the ECG, it is manifested
by a PR interval greater than 0.20 seconds. In first-
degree AV block, the ventricular rate is not slow
unless there is concomitant sinus bradycardia.
No specific treatment is indicated. Negatively
chronotropic medications should be used with
caution in these patients.

Second-degree atrioventricular block

In second-degree AV block, most but not all atrial
impulses are conducted to the ventricles. It is
divided into two subtypes based on the ECG
appearance and the underlying pathophysiology.

Type | second-degree

Type I second-degree AV block (referred to as the
Wenckebach phenomenon or Mobitz Type I
block) is caused by a conduction defect within
the AV node itself (Figure 4.4). On the ECG there
is progressive lengthening of the PR interval on
successive cardiac cycles until eventually a P
wave is not conducted (“dropped”). This results
in an irregular rhythm with “grouped beating,”
usually in pairs or triplets, but occasionally
larger groups. Progressive lengthening of the PR
intervals occurs because each successive atrial
impulse arrives earlier and earlier in the refrac-
tory period of the AV node, and therefore takes
longer and longer to conduct to the ventricle.
Another feature is a progressive shortening of
the RR interval in the grouped beats preceding
the dropped beat. Type I second-degree AV block
can occur following inferior wall myocardial
infarction, and occasionally requires temporary
pacing in this setting. In the majority of cases,
however, it is asymptomatic and requires no
treatment.

Figure 4.4

Second-degree AV block, Mobitz Type I. From Da Costa D, Brady WJ, Edhouse J.
Bradycardias and atrioventricular conduction block. Br Med J 2002;324(7336):

535-538. Printed with permission.
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Type Il second-degree

Type II second-degree AV block (or Mobitz Type
II block) suggests a conduction block below the
level of the AV node (Figure 4.5). This finding is
much more ominous than Type I block, as there is
a significant risk of progression to complete heart
block. It is caused by degenerative disease of the
conduction system, termed Lev or Lenegre disease.
On the ECG there is preservation of a constant PR
interval on conducted beats with sudden loss of P
wave conduction. There is often a concomitant
bundle branch block or baseline first-degree AV
block reflecting underlying conduction system
disease. Patients with this form of AV block can
present with symptomatic bradydysrhythmias or
syncope. As parasympathetic innervation is
absent below the level of the AV node, atropine is
not effective in treating bradycardia associated
with this type of conduction block. Permanent
pacemaker placement is indicated.

2:1 block

A third type of AV block exists that cannot be
definitively classified as Type I or Type II. It is
termed as 2:1 block and is characterized by two

P waves for every QRS complex. The location of
the block cannot be determined with certainty
based on the ECG alone, as it may representa2:1
Mobitz Type I block or high-grade conduction
system disease. This type of conduction block can
occur with digoxin toxicity or AV nodal ischemia.
Further invasive electrophysiologic (EP) testing
involving measurement of H-V conduction times
is necessary to clarify the location of the block
and determine further treatment.

Third-degree atrioventricular block

Third-degree AV block occurs when there is
absolutely no conduction of atrial impulses to the
ventricle (Figure 4.6). Atrial and ventricular
impulses may be present, but each occur inde-
pendent of the other. This phenomenon is also
termed AV dissociation. With third-degree AV
block, a secondary pacemaker below the AV node
assumes control and produces an escape rhythm.
This escape pacemaker can originate from low in
the AV node or from the His-Purkinje system.
This is usually evident from the width of the QRS
complex. On the ECG, there are visible P waves
with a constant PP interval that continuously

Figure 4.5

Second-degree AV block, Mobitz Type Il. From Da Costa D, Brady WJ, Edhouse J.
Bradycardias and atrioventricular conduction block. Br Med J 2002;324(7336):

535-538. Printed with permission.
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Figure 4.6

Third-degree AV Block. From Da Costa D, Brady WJ, Edhouse J. Bradycardias and atrioventricular conduction block.

Br Med J 2002;324(7336):535-538. Printed with permission.
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marches through the strip. In addition, there are
visible QRS complexes with a constant RR interval
that also marches through. As there is AV dissoci-
ation, and the atria and ventricles beat independ-
ent of each other, the PR interval is variable. In
some instances, it may be difficult to identify AV
dissociation as the atrial and ventricular rates
may be similar (termed isorhythmic AV dissocia-
tion), and longer rhythm strips may be necessary.

Management of third-degree AV  block
depends on the patient’s clinical status. Drugs that
can cause AV nodal block should be reversed. If
there is evidence of significant hemodynamic
compromise, transcutaneous or transvenous
pacemaker placement is indicated. Unless a
clearly reversible cause of third-degree block is
present, most patients will require permanent
pacemaker placement. With all forms of AV block,
the patient should be questioned regarding risk
factors for Lyme disease, myocarditis, endocar-
ditis, or lupus erythematosus, as these systemic
illnesses can contribute to disease of the cardiac
conduction system.

Management of
tachydysrhythmias
General management

As with bradydysrhythmias, assessment and sta-
bilization of the airway, breathing, and circula-
tion should occur rapidly. IV access should be
obtained, the patient should be placed immedi-
ately on a cardiac monitor, and a 12-lead ECG
should be performed and reviewed. Stat serum
electrolytes should be ordered as dictated.

First, assess for the presence of serious signs
or symptoms due to the tachydysrhythmia.
These include hypotension, impaired tissue per-
fusion, chest pain, hypoxemia, other signs of
worsening myocardial ischemia, or altered sen-
sorium. If there are serious signs and symptomes,
treatment should be initiated immediately, as
determined by ACLS guidelines (Figure 4.7).

Management of specific
tachydysrhythmias

Tachydysrhythmias can be best understood by
grouping them broadly into two categories:
narrow-complex tachydysrhythmias (defined as
those with a QRS duration less than 120 millisec-
onds), and wide-complex tachydysrhythmias (QRS

duration greater than 120 milliseconds). Narrow-
complex tachydysrhythmias are best understood
when grouped into those that are regular, with a
relatively constant RR interval, and those that are
irregular, with a highly variable, RR interval. The
regular narrow-complex tachydysrhythmias
include sinus tachycardia, paroxysmal atrial
tachycardia (PAT), AV nodal reentrant tachycar-
dia (AVNRT), AV reentrant tachycardia (AVRT)
and non-paroxysmal junctional tachycardia.
Irregular narrow-complex tachycardias are those
in which the RR interval is irregular. These
include atrial fibrillation, atrial flutter, and multi-
focal atrial tachycardia (MAT). Atrial flutter can
present with either an irregular or regular ven-
tricular response rate (or both).

Sinus tachycardia

In sinus tachycardia, a P wave precedes each QRS
complex with a relatively uniform morphology
and constant PR interval. The heart rate usually
ranges from 100 to 160 beats per minute. Small
variations in PR interval may be present, related
to physiologic sinus dysrhythmia.

As a general rule, sinus tachycardia is not a
disease in itself; rather, it is a response to an
extracardiac stimulus. As such, the rate itself does
not require treatment; rather, the underlying
cause should be addressed. An important excep-
tion to this rule is sinus tachycardia that occurs
in the setting of acute myocardial ischemia. In
this setting, reducing the heart rate with beta-
blockade is indicated, in order to reduce myo-
cardial oxygen demand and improve mortality.
Systemic causes of sinus tachycardia include
pain, hypovolemia, anemia, fever, hypoxemia,
anxiety, sympathomimetic drugs, pregnancy, and
pulmonary embolism.

Sinus tachycardia can be mistaken for other
causes of regular narrow-complex tachycardia,
especially in children and young adults. Sinus
tachycardia that is near 150 beats per minute
should be re-examined closely to ensure that it is
not atrial flutter with 2:1 block.

Paroxysmal atrial tachycardia (PAT)

PAT is associated with a reentrant ectopic atrial
focus distinct from the sinus node. It is character-
ized by a heart rate from 100 to 160 beats per
minute, having a different P wave morphology
from the patient’s normal P wave. There may be
1:1 conduction or variable degrees of AV block
present.
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Evaluate patient
e |s patient stable or unstable?
* Are there serious signs or symptoms?
* Are signs and symptoms due to tachycardia?

Stable Unstable
v Unstable patient: serious signs or symptoms

 Establish rapid heart rate as cause of signs
and symptoms

* Rate-related signs and symptoms occur at
many rates, seldom <150 bpm

* Prepare for immediate cardioversion

Stable patient: no serious signs or symptoms
¢ Initial assessment identifies 1 of 4 types of
tachycardias

h 4 A A A

1. Atrial fibrillation
Atrial flutter

. . .

Evaluation focus: 4 clinical Attempt to establish a Attempt to establish a
features specific diagnosis specific diagnosis

1. Patient clinically unstable? * 12-lead ECG ¢ 12-lead ECG

2. Cardiac function impaired? ¢ Clinical information * Esophageal lead

3. WPW present? ¢ Vagal maneuvers ¢ Clinical information
4. Duration <48 or >48hours? ¢ Adenosine

2. Narrow-complex
tachycardias

3. Stable wide-complex
tachycardia: unknown type

4. Stable monomorphic VT
and/or polymorphic VT

h 4 A

Diagnostic efforts yield
e Ectopic atrial tachycardia

Treatment focus: clinical
evaluation

1. Treat unstable patients urgently
2. Control the rate
3. Convert the rhythm

e Multifocal atrial tachycardia
e Paroxysmal supraventricular
tachycardia (PSVT)

4. Provide anticoagulation

- : . : .

Treatment of Treatment | | Confirmed Wide-complex Confirmed || Treatment of
atrial fibrillation/ of SVT SVT tachycardia of stable VT stable
atrial flutter unknown type monomorphic
and

P_reserved_ Ejectior? f_raction <40% polymorphic VT
cardiac function Clinical CHF (see stable VT:
monomorphic
and polymorphic
DC cardioversion il
or DC cardioversion
Procainamide or
or Amiodarone
Amiodarone

Figure 4.7

Tachycardias: overview algorithm. bpm: beats per minute; WPW: Wolff—Parkinson—-White syndrome; CHF: congestive
heart failure; SVT: supraventricular tachycardia; VT: ventricular tachycardia. Reproduced with permission,

ACLS Provider Manual, © 2001, Copyright American Heart Association.

74 Principles of Emergency Medicine



No specific therapy is indicated for PAT. It
occurs in association with underlying electrolyte
disturbances, drug toxicity, hypoxemia, and
fever. Digoxin toxicity should be investigated in
any patient presenting with PAT with 2:1 block
or complete AV block, as these are classic dys-
rhythmias of digoxin toxicity.

Atrioventricular nodal reentrant
tachycardia (AVNRT)

AVNRT is a reentrant tachydysrhythmia that
involves a micro-reentrant circuit within the AV
node (Figure 4.8). There are typically two
anatomic pathways for transit of atrial impulses
through the AV node, a fast pathway (through
which sinus impulses normally travel) and a slow
pathway (which is typically blocked due to a long
inherent refractory period). AVNRT is triggered
when a premature atrial impulse passes through
one of the pathways then travels retrograde up
the other pathway, causing depolarization of the

Sinus rhythm

Common AVNRT

atrium. The impulse returns to the AV node and
the cycle repeats.

In the majority of cases, the impulse travels
down the fast pathway and up the slow pathway
(“fast-slow” AVNRT), while in the remainder of
cases, the impulse travels down the slow path-
way and up the fast pathway (“slow-fast”
AVNRT). On the ECG, a regular narrow-complex
tachycardia is present. Due to the timing of atrial
depolarization, the P waves are usually buried
within the QRS complexes and are therefore not
visible. With the slow—fast AVNRT, inverted P
waves may be present before the QRS complex.

Treatment of AVNRT is predicated on tem-
porarily interrupting the reentrant circuit, or
converting the unidirectional block to a bidirec-
tional block. This can be accomplished through
vagal maneuvers or through drugs that prolong
the AV nodal refractory period, such as adeno-
sine, beta-blockers or calcium channel blockers.
AVNRT may also be corrected through radiofre-
quency catheter ablation of the slow pathway.

Uncommon AVNRT

Slow L. Fast Slow Fast
e
; t
L n,
P P APD P’ P’ P P’ P’
Al l l [ L [Hy l
AV node o > AJ\ A} ﬁ - ﬁ \
! f 1

RP' <P'R

Figure 4.8

VPD

W RP’'>P'R

Ladder diagrams showing normal sinus conduction pattern through AV node, conduction pattern with slow—fast

atrioventricular nodal reentrant tachycardia (AVNRT), and conduction pattern with fast-slow AVNRT. Corresponding
ECG tracings are shown below. Each panel shows the AV node (top), a Lewis diagram (middle), and a surface ECG
lead (bottom). Solid lines indicate anterograde AV nodal conduction, and broken lines retrograde conduction; straight
lines indicate conduction over the fast pathway, and wavy lines conduction over the slow pathway. P denotes sinus

P wave. P’, atrial echoes resulting from AV nodal reentry; APD, atrial premature depolarization; VPD, ventricular
premature depolarization, and R, R waves. During sinus rhythm the presence of the slow pathway is concealed
because the impulse traveling over the fast pathway turns around after traversing the AV node and retrogradely
penetrates the slow pathway, colliding with the oncoming impulse moving anterogradely over the slow pathway. Note
the simultaneous registration of P’ waves and QRS complexes during common AVNRT, with RP’ < P'R. Retrograde
P’ waves result in the appearance of pseudo waves in the inferior ECG leads. During uncommon AVNRT, inverted
P’ waves are visible, with RP’ < P’R. Diagram from Ganz LI, Friedman PL. Supraventricular tachycardia. New Engl
J Med 1995;332(3):162—173. Printed with permission.
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Atrioventricular reentrant tachycardia (AVRT)

AVRT involves a macro-reentrant circuit includ-
ing the AV node and a coexistent accessory path-
way of conduction from the atria to the ventricles
(Figure 4.9). In 90% of cases, the impulse starts in
the atria and travels antegrade down the AV node,
then retrograde up the accessory pathway
(referred to as orthodromic AVRT) before depolar-
izing the atrium again. In the remaining 10% of
cases, the impulse travels antegrade down the
accessory pathway, then retrograde through the
His-Purkinje system and the AV node (referred to
as antidromic AVRT) before depolarizing the atria.
On the ECG, orthodromic AVRT appears as a reg-
ular narrow-complex tachycardia with inverted
retrograde P waves appearing after the QRS com-
plex. Antidromic AVRT, however, appears as a
wide-complex tachycardia given the antegrade
conduction down the accessory pathway. Retro-
grade P waves are sometimes visible, so this
dysrhythmia may be mistaken for VT. AVRT can
also be treated with adenosine or calcium channel
blockers which block conduction through the AV
node and break the macro-reentrant circuit.

Sinus rhythm

Orthodromic AVRT

Extreme caution should be used if calcium chan-
nel blockers are given to individuals with wide-
complex tachycardias.

Non-paroxysmal junctional tachycardia

Junctional tachycardia occurs when there is
increased automaticity of the AV node and a
coexistent AV block. This results in a narrow- or
wide-complex tachycardia, depending on where
in the AV node the impulse originates. It can
occur in the setting of digoxin toxicity, inferior
myocardial infarction, or acute rheumatic fever.
Treatment is supportive. In a patient with chronic
atrial fibrillation on digoxin therapy, the finding
of a regular ventricular response rate despite
underlying atrial fibrillation should raise the sus-
picion of digoxin toxicity causing complete AV
block with a junctional escape pacemaker.

Atrial fibrillation

Atrial fibrillation is characterized by chaotic,
disorganized depolarization of the atria with

Antidromic AVRT
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Figure 4.9

P P P

Ladder diagrams showing conduction pattern with sinus rhythm and
Wolff-Parkinson-White syndrome (WPW), orthodromic and antidromic AVRT
(atrioventricular reentrant tachycardia). Corresponding ECG tracings are shown

below. During sinus rhythm, the slurred initial portion of the QRS delta wave is due to
early activation of part of the ventricles through rapid anterograde conduction over
the AP (accessory pathway). During orthodromic AVT (atrioventricular tachycardia),
no delta wave is seen because all anterograde conduction is over the AV node (AVN)
and through the normal His—Purkinje system. Retrograde P waves are visible shortly
after each QRS. During antidromic AVT, there is maximal pre-excitation with wide,
bizarre QRS complexes, because ventricular activation results entirely from anterograde
conduction over the AP. Diagram from Ganz LI, Friedman PL. Supraventricular
tachycardia. New Engl J Med 1995;332(3):162—173. Printed with permission.
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multiple impulses from the atrial tissue (Figure
4.10). Mechanically, there is no effective contrac-
tion of the atria, only a quivering of the atrial
muscle. The atrial impulses travel to the AV
node, where the majority are blocked and the
remainder are conducted to the ventricles. This
produces a heart rate from 100 to 180 beats per
minute in patients with a healthy AV node. On the
ECG, the hallmark is the absence of definitive
atrial activity with either coarse or fine atrial fib-
rillatory waves. The ventricular response rate is
almost always irregular.

Atrial fibrillation usually occurs in the setting
of underlying heart disease, with systemic
hypertension being the most common coexistent
condition. Other associated conditions include
valvular heart disease (especially mitral stenosis)
and ischemic heart disease. It can be triggered by
extracardiac conditions as well, including thyro-
toxicosis, underlying infection, or pulmonary
embolism. The immediate hemodynamic conse-
quence of atrial fibrillation is the loss of the atrial
contribution (termed the atrial kick) to diastolic
filling of the LV. This should not significantly
affect individuals with a normal heart, as dia-
stolic filling in a normal ventricle results pre-
dominantly from relaxation of the ventricular
myocardium. However, some patients with sys-
tolic or diastolic CHF depend on the atrial kick for
a large part of diastolic filling. In these patients,
atrial fibrillation can result in hypotension or
pulmonary edema, especially if there is a rapid
ventricular response that limits time for passive
diastolic ventricular filling.

In clinically stable patients, the treatment of
atrial fibrillation is predicated on slowing the
ventricular response rate, which allows more
time for diastolic filling. This can be accom-
plished with beta-blockers, calcium channel
blockers, or digoxin. However, if atrial fibrilla-
tion with pre-excitation is suspected, these
agents are contraindicated. In such cases, they
can accentuate conduction through the accessory
pathway by prolonging the AV nodal refractory

period. In clinically unstable patients manifest-
ing hypotension, worsening cardiac ischemia,
acute pulmonary edema, or alteration in senso-
rium, the treatment of choice is immediate syn-
chronized direct current (DC) cardioversion.

Due to the disorganized atrial contraction asso-
ciated with this dysrhythmia, atrial fibrillation
predisposes individuals to thrombus formation in
the left atrial appendage. Accordingly, atrial fibril-
lation carries an increased risk of thromboembolic
stroke. The risk is greatest during the first 48 hours
following DC cardioversion. Anticoagulation
with adjusted dose warfarin can reduce the risk
of thromboembolism. Stable patients should be
anticoagulated for at least 3 weeks before under-
going elective DC cardioversion. If atrial fibrilla-
tion has been present for less than 48 hours, DC
cardioversion or chemical cardioversion (with
agents such as amiodarone, procainamide or ibu-
tilide) can be performed without anticoagulation,
provided that post-cardioversion anticoagulation
is given. An alternative approach is to screen
patients for thrombus with transesophageal
echocardiography (TEE). If the TEE shows no
evidence of thrombus, cardioversion can be per-
formed without anticoagulation. All patients
with atrial fibrillation should be referred for elec-
tive echocardiography to evaluate their left atrial
size and LV systolic function, and should have a
TSH level drawn to exclude underlying thyro-
toxicosis.

Atrial flutter

Atrial flutter is characterized by a macro-
reentrant dysrhythmia involving the atria with
“flutter waves” being generated at 280-320 beats
per minute (Figure 4.11). It typically presents
with 2:1 block and can be mistaken for sinus
tachycardia. It can also present with 4:1 or vari-
able AV block. On the ECG, flutter waves are best
seen in lead II as an inverted sawtooth pattern,
but may be concealed within T waves or QRS
complexes.
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Figure 4.10

Atrial fibrillation. From Edhouse J, Morris F. ABC of clinical electrocardiography: broad complex tachycardia — Part II.

Br Med J 2002;324(7340):776—779. Printed with permission.
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Atrial flutter is commonly associated with
underlying heart disease, such as ischemic heart
disease or dilated cardiomyopathy. It is consid-
ered to have the same pathologic spectrum as
atrial fibrillation, and patients with atrial flutter
often have concomitant atrial fibrillation. Less
commonly it is associated with myocarditis,
blunt chest trauma, or pulmonary embolism.

The treatment of atrial flutter in stable
patients is rate control with a beta-blocker or cal-
cium channel blocker. In unstable patients or
patients with refractory atrial flutter, synchro-
nized DC cardioversion with 50 joules of energy
often converts atrial flutter to sinus rhythm.
Ibutilide, amiodarone, or procainamide can also
be used to convert atrial flutter to sinus rhythm.
Ibutilide should be used with caution in patients
with structural heart disease or hypomagne-
semia, as there is a higher risk of torsades de
pointes in these patients. Atrial flutter carries
with it a lower risk of thromboembolism than
atrial fibrillation, but anticoagulation should be
considered in patients with coexistent atrial fib-
rillation, patients greater than 70 years of age,
patients with prior thromboembolism, or
patients with structurally abnormal hearts. Atrial
flutter is curable through radiofrequency
catheter ablation, so these patients should be
referred to a cardiologist for further evaluation.

Multifocal atrial tachycardia (MAT)

MAT occurs when there are numerous ectopic
atrial foci that simultaneously depolarize, produc-
ing at least three different P wave morphologies, a
narrow QRS complex (unless a coexistent bundle
branch block is present), variable PR intervals,
and a heart rate between 100 and 180 beats per
minute (Figure 4.12). It is commonly associated
with chronic lung disease and can be a manifesta-
tion of theophylline toxicity. Fortunately, it is

seldom life-threatening. Treatment should be
directed primarily at the underlying chronic lung
disease, although judicious use of calcium chan-
nel blockers may provide symptomatic relief
through rate control. Electrical cardioversion is
not effective given the numerous sites of atrial
ectopy present.

Ventricular tachycardia (VT)

VT is defined as three or more consecutive QRS
complexes originating from the ventricles and
occurring at a rapid rate. It may develop in a spo-
radic, intermittent fashion that interrupts the
patient’s underlying sinus rhythm (non-
sustained VT), or as a consistent, uninterrupted
wide-complex rhythm (sustained VT). It is typi-
cally regular or only slightly irregular. VT is
almost always associated with underlying struc-
tural heart disease, and is therefore more com-
mon in older patients. It can have a single
reentrant focus as the nidus for the dysrhythmia
(monomorphic VT) or multiple reentrant foci (poly-
morphic VT), especially in the setting of ischemia
(Figure 4.13). The most common underlying
causes of VT are chronic ischemic heart disease
and acute myocardial infarction. VT is important
to recognize and treat as it has the potential to
degenerate into ventricular fibrillation. All
patients with VT require an aggressive workup
for possible cardiac ischemia and admission to a
coronary care unit.

Perhaps the most challenging aspect of car-
diac rhythm analysis is the differentiation of VT
from supraventricular tachycardia (SVT) with
aberrant conduction. While no set of criteria will
absolutely differentiate the two, several criteria
have been developed to assist clinicians. There
are several characteristics on the 12-lead ECG
that strongly suggest the diagnosis of VT rather
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Figure 4.11

Atrial flutter. From Goodacre S, Irons R. ABC of clinical electrocardiograpy: atrial
dysrhythmias. Br Med J 2002;324(7337):594-597. Printed with permission.
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than another cause of wide-complex tachycardia.
These include the following;:

1. QRS-complex duration greater than

140 milliseconds: If the QRS complex is greater
than 140 milliseconds, this strongly suggests
that the rhythm is ventricular in origin. An
important exception to this rule would be a
patient with a baseline bundle branch block
in whom the baseline QRS duration for
normal sinus beats is 140 milliseconds or
greater. This is a rare scenario, however.

. Precordial QRS concordance: When the initial

deflection in all of the ventricular complexes
from V1 through V6 are either positive or
negative, this strongly suggests VT. This is
very specific for VT but not very sensitive.
Negative precordial QRS concordance
suggests the origin of the tachycardia is the
posterior wall of the LV and always connotes
VT. Positive precordial QRS concordance
suggests an origin from the anterior wall of
the LV and may connote VT.
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Figure 4.12

Multifocal atrial tachycardia. Note three different P wave morphologies. From Pollack ML, Brady WJ, Chan TC.
Electrocardiographic manifestations: narrow QRS complex tachycardias. J Emerg Med 2003;24(1):35-43.

Printed with permission.
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Figure 4.13

Monomorphic and polymorphic ventricular tachycardia. From Edhouse J, Morris F. Broad complex tachycardia — Part I.
Br Med J 2002;324(7339):719-722. Printed with permission.
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3. Presence of AV dissociation: Given that VT is
caused by an independent pacemaker within
the ventricle, there is no relation of the atrial
rhythm to the faster ventricular rhythm.
Therefore, P waves and unrelated wide QRS
complexes can often be seen in the same
rhythm strip. Clinically, intermittent cannon
A waves may be present in the patient’s
jugular venous pulse; these represent right
atrial contraction against a closed tricuspid
valve. This clinical finding is a hallmark of
AV dissociation.

4. Presence of capture beats and/or fusion beats:
These beats represent interruptions of the
underlying ventricular rhythm by atrial
impulses that depolarize the ventricle, and
strongly suggest VT. A capture beat (Figure
4.14) occurs when a P wave arrives before a
ventricular impulse and results in a normal-
appearing narrow-complex QRS in the midst
of a group of wide-complex ventricular beats.
The P wave temporarily “captures” the
ventricle, but the underlying wide-complex
rhythm eventually takes over. A fusion beat

(Figure 4.15) occurs when a P wave arrives at
the same time as the ventricular impulse. The
result is a QRS complex which is a hybrid
between the normal narrow-complex and the
wide-complex QRS of the ventricular
rhythm.

Neither the rate alone nor the clinical scenario
determines whether the rhythm is VT. How-
ever, a useful general principle is to treat any
wide-complex QRS rhythm as VT until proven
otherwise, especially if the patient is clinically
unstable, has known structural heart disease, or
a previous ML

Treatment of VT depends on the stability of
the patient. Unstable patients require immediate
DC cardioversion. Pulseless VT is treated as ven-
tricular fibrillation, with immediate defibrillation.
Stable patients can be treated with IV antidys-
rhythmic medications such as amiodarone, pro-
cainamide, or lidocaine (Figure 4.16). Serum
electrolytes should be drawn in all patients, and
hypokalemia and hypomagnesemia should be
corrected if present.

——

Figure 4.14

Capture beat. From Edhouse J, Morris F. Broad complex tachycardia — Part |. Br Med
J 2002;324(7339):719-722. Printed with permission.

——

Figure 4.15

Fusion beat. From Edhouse J, Morris F. Broad complex tachycardia — Part |. Br Med
J 2002;324(7339):719-722. Printed with permission.
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Supraventricular tachycardia (SVT) with
aberrant conduction

Any of the previously discussed narrow-complex
tachydysrhythmias can be accompanied by aber-
rant conduction (Figure 4.17). This can be either a
left or right bundle branch block pattern. The fol-
lowing criteria suggest a supraventricular rhythm
with aberrancy rather than VT:

1. A bundle branch morphology identical to
that of the previous 12-lead ECG.

2. An ectopic P wave that precedes the QRS
complex.

3. Variable coupling intervals between beats.

4. Response to adenosine or carotid sinus
massage. SVT with aberrancy will usually

respond with a slowing of the heart rate and
possible termination of the dysrhythmia,
while VT does not typically.

When in doubt, it is safest and most appropriate
to assume the rhythm disturbance is VT and treat
accordingly. The treatment for all unstable patients
is synchronized electrical cardioversion.

Torsades de pointes

Torsades de pointes (“twisting of the points”) is a
special type of polymorphic VT that arises in
patients with pre-existing prolongation of the QT
interval (Figure 4.18). It is a wide-complex tachy-
cardia with an undulating amplitude that varies

Stable ventricular tachycardia
monomorphic or polymorphic?

v

Monomorphic VT
¢ |s cardiac function impaired?

J

Preserved
heart function

Poor ejection fraction

v

{ Note!
i May go directly to
'+ cardioversion

Normal baseline

QT interval

.

Polymorphic VT
Is QT baseline interval prolonged?

Prolonged baseline
QT interval
(suggests torsades)

-

-

Medications: any one
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* Amiodarone
¢ Lidocaine

Normal baseline QT interval
¢ Treat ischemia
* Correct electrolytes
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Figure 4.16
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Then use
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Stable ventricular tachycardia (VT). Reproduced with permission, ACLS Provider Manual, © 2001, Copyright American

Heart Association.
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above and below the baseline. Its rate varies from
180 to 250 beats per minute. Prolongation of the
QT interval can occur as a result of the prodys-
rhythmic effects of numerous drugs, including
quinidine, procainamide, ibutilide, amiodarone,
sotalol, phenothiazines, certain antihistamines,
and tricyclic antidepressants. Electrolyte abnor-
malities such as hypomagnesemia, hypokalemia,
and hypocalcemia can cause prolongation of the
QT interval as well.

Treatment of torsades de pointes is aimed at
interrupting the ventricular rhythm and restor-
ing sinus rhythm. As the majority of patients
with this dysrhythmia are clinically unstable, DC
cardioversion is the treatment of choice.
Electrolyte abnormalities such as hypokalemia,
hypocalcemia, and hypomagnesemia should be
aggressively corrected. In more stable patients,
other treatment options include IV isoproterenol
and overdrive pacing of the ventricle. Some clini-
cians empirically administer IV magnesium sul-
fate to treate this condition.

Atrial fibrillation with pre-excitation

This is a special case of atrial fibrillation where
conduction occurs antegrade down a pre-existing

bypass tract (Figure 4.19). As there is no inherent
refractory period in bypass tract tissue unlike in
the AV node, ventricular response rates are usu-
ally much higher. On the ECG, there is a wide-
complex, irregular tachycardia with a rate ranging
from 150 to 300beats per minute. Delta waves
(which may be seen on previous ECGs), a previ-
ous history of Wolff-Parkinson-White (WPW)
syndrome, or irregular R-R intervals which may
be as fast as 300 are major clues to this diagnosis.

Conventional treatment of atrial fibrillation
with AV nodal blocking agents is contraindicated
in the presence of a bypass tract. Instead, stable
patients should receive IV procainamide which
attempts to chemically cardiovert the patient to
sinus rhythm without slowing conduction
through the AV node. Unstable patients should
undergo synchronized electrical cardioversion.
Patients who manifest this rhythm should be
referred to a cardiologist for radiofrequency
catheter ablation of the bypass tract to prevent
recurrences.

Accelerated idioventricular rhythm (AIVR)

Accelerated idioventricular rhythm (AIVR) is a
wide-complex dysrhythmia of ventricular origin
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Figure 4.17

Supraventricular tachycardia (SVT) with aberrant conduction. From Edhouse J, Morris
F. ABC of clinical electrocardiography: broad complex tachycardia — Part Il. Br Med J
2002;324(7340):776-779. Printed with permission.
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Figure 4.18

Torsades de Pointes. From Edhouse J, Morris F. ABC of clinical electrocardiography: broad complex tachycardia — Part Il.

Br Med J 2002; 324(7340): 776—779. Printed with permission.
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Figure 4.19

Atrial fibrillation with pre-excitation. From Edhousie J, Morris F. ABC of clinical electrocardiography: broad complex
tachycardia. Part Il. Br Med J 2002;324(7340):776—779. Printed with permission.
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Figure 4.20

Accelerated idioventricular rhythm. From Edhouse J, Morris F. Broad complex
tachycardia — Part |. Br Med J 2002;324(7339):719-722. Printed with permission.

which occurs at a rate of 40-100beats per minute
(Figure 4.20). It is characterized by regular, wide
QRS complexes that are not preceded by P waves.
It is commonly seen following acute myocardial
infarction, and is known as a “reperfusion dys-
rhythmia.” AIVR is a stable rhythm that usually
produces no symptoms and therefore requires no
treatment. In some instances, the ventricular pace-
maker may be the only functioning pacemaker in
the heart, and suppressing it with antidysrhyth-
mics such as lidocaine can lead to asystole.

Pearls, pitfall and myths

e Consider the etiology of the cardiac
dysrhythmia, not just the rhythm itself.

¢ Certain medications and electrolyte
abnormalities may predispose the patient to
serious dysrhythmias.

¢ Learn to distinguish benign from malignant
dysrhythmias.

* The patient’s clinical (hemodynamic) stability
is integral to the appropriate evaluation and
management of dysrhythmias.

¢ Treat the patient, not the rhythm.

e Err on the side of caution, especially with
regard to medication choices or rhythm
interpretation.

e Serial administration of medications is
generally safer than a single large bolus.

® When in doubt about the etiology of a
wide-complex tachycardia, treat as
ventricular tachycardia until proven
otherwise.

e Before semi-elective cardioversion of atrial
fibrillation, consider the risk of
thromboembolic stroke and the need for
anticoagulation.

e Beware of atrial fibrillation in the setting
of pre-excitation, as treatment with AV
nodal blockade can lead to ventricular
fibrillation.
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5 Shock

Robert J. Sigillito, MD and Peter M.C. DeBlieux, MD

Scope of the problem

Shock is a state in which the oxygen (O,) and
metabolic demands of the body are not met by
the cardiac output. When this process occurs in a
single organ, rather than throughout the body,
organ ischemia and infarction ensue. When shock
occurs on a more global level, multiorgan dys-
function and failure are the consequence, ultim-
ately leading to death if not corrected. Shock is
most often accompanied by hypotension, termed
decompensated shock. However, shock may also
occur with normal or elevated blood pressure.
Examples include hypertensive emergency with
compromised cardiac output, or carbon monox-
ide intoxication with the inability to deliver O,
despite normal hemodynamics. The approach
to the patient in shock must proceed with the
same urgency as the patient suffering from an
acute myocardial infarction or cerebral vascular
accident.

Classification

Shock states are classified according to the
underlying physiologic derangement. Table 5.1
lists the most commonly used classification sys-
tem. Hypovolemic shock is defined by decreased
circulating blood volume, either due to blood
or fluid loss, such that cardiac output is com-
promised. Impaired cardiac performance charac-
terizes cardiogenic shock. Loss of vasomotor tone
with hypotension is the hallmark of distributive
shock, as in sepsis, anaphylaxis, or certain intoxi-
cations. Anatomic interruption of sympathetic
output, usually secondary to spinal cord injury
with disruption of the cervical sympathetic
chain, leads to bradycardia and hypotension
in neurogenic shock. Obstruction of blood flow
through the cardiopulmonary circuit is the
etiology of obstructive shock, as in tension pneumo-
thorax, cardiac tamponade, or massive pul-
monary embolus. Finally, a few patients present
with a mixed syndrome, such as a patient with sep-
sis who develops gastrointestinal (GI) hemor-
rhage, or who suffers a concomitant myocardial
infarction.

General approach to the

patient in shock

If shock is defined by impaired global organ perfu-
sion, then it follows that signs of shock are derived
from impaired organ function. Hypotension is an
obvious sign of decompensated hemodynamics
associated with shock. Alteration in mental status,
chest pain, signs of cardiac failure, difficulty breath-
ing, abdominal pain from intestinal ischemia, low
urinary output, and mottled skin all suggest shock.

In a proportion of patients, the etiology of the
shock state remains in question after initial evalu-
ation. Often, therapeutic intervention must be ini-
tiated without a firm diagnosis. The core principle
in treatment of such patients is that O, delivery to
the vital organs must be optimized.

History

Obtaining an accurate history is essential to
approaching undifferentiated patients in shock.

Table 5.1 Classification of shock states

Hypovolemic shock
Hemorrhage
Fluid loss/dehydration

Cardiogenic shock
Pump failure
Valvular disorders
Cardiac dysrhythmia

Distributive shock
Sepsis

Anaphylaxis
Intoxications

Neurogenic shock®
Spinal cord injury

Obstructive shock

Tension pneumothorax

Pericardial tamponade/constrictive pericarditis®
Massive pulmonary embolus

Severe pulmonary hypertension

Severe valvular stenosis

aClassified by some as cardiogenic shock.
bClassified by some as distributive shock.
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Deficiencies in the historical database lead to
poor treatment choices and increase patient
morbidity and mortality. Unfortunately, many
patients in shock states are not up to the task of
providing an accurate and complete history.
Medical records, family members, and friends
are invaluable resources in these situations.
Time course and progression of illness provide
important information regarding the rapidity of
decline and may help narrow the differential diag-
nosis. Pre-existing conditions, particularly limita-
tions of the cardiopulmonary system and immune
deficiencies, predispose patients to poor outcomes.
Obtaining a patient’s complete medication list
is vital in addressing the needs of the patient in
shock. Medications that impair normal cardiac
compensation in shock states, such as beta block-
ers, calcium channel blockers, or digitalis, may
alter patient presentations in profound shock.
Likewise, immunosuppressant agents, such as
prednisone and chemotherapeutic drugs, may
impair host immune response and mask serious
or life-threatening infections. Lastly, social his-
torical data focusing on alcohol, illicit drug use,
work history, and psychosocial support systems
may offer insight into these complex patients.

Physical examination

Physical examination and rapid assessment of the
patient in shock follow the basic tenants of emer-
gency medicine. Airway, breathing, circulation,
disability, and exposure (ABCDE) are vital in the
initial evaluation of the most complex patient
presentations. If the impairment of shock is the
inability to adequately provide O, at the end
organ, then the first critical appraisal must be
airway, quickly followed by breathing and cir-
culation. These first three steps comprise the crit-
ical care concept of “cardiopulmonary reserve.”
Cardiopulmonary reserve refers to the interde-
pendence of the heart, lungs, and O,-carrying
capacity of any given patient. Those patients with
an impaired cardiac pump, pre-existing pul-
monary disease, or abnormalities in hemoglobin
may require a more immediate intervention for
possibly milder shock states when compared to
patients with normal physiology. Normal lungs,
heart, and hemoglobin permit a degree of physio-
logic reserve that allows patients to compensate
for any given cardiopulmonary insult.

One of the first steps in determining cardio-
pulmonary reserve is vital sign assessment.
In evaluating and treating patients in shock, the

goal is to maintain adequate oxygenation and
organ perfusion. Pulse oximetry is a rapid
bedside tool that can be utilized as an initial
screening tool to determine the adequacy of oxy-
genation. Goal saturations during resuscitation
and treatment should be maintained above 90%,
although outcome data does not exist for this
universally-accepted goal. The use of O, delivery
devices may be required to reach the goal of 90%;
if adequate O, saturations are not obtained with
100% non-rebreather mask, then patients should
be endotracheally intubated and placed on
mechanical ventilation.

Once oxygenation has been addressed, the focus
should be placed firmly on maintaining adequate
cerebral and coronary perfusion pressures to
prevent injury to these vital organs. Vital organ
perfusion pressure is a function of mean arterial
blood pressure (MABP). The critical nature of
diastolic blood pressure (DBP) can be seen, as it is
the main component of that calculation:

MABP = DBP + 1 (SBP — DBP)
where SBP = systolic blood pressure.

Goals for resuscitation and maintenance in
the majority of shock states should attempt to
get MABP in the 70-80 mmHg range to offer
adequate cerebral and coronary perfusion.

MABP can be better understood as it relates to
preload and afterload. Physiologically, preload is
defined as the left ventricular end diastolic wall
tension. Clinically, several measures can be used
to estimate whether the preload is low, normal,
or high. The clinical situation may strongly sug-
gest a patient’s volume status. Actively bleeding
patients, trauma victims, or chronically dehy-
drated patients are virtually certain to have a low
preload. The edematous patient with congestive
heart failure (CHF) is likely to be volume over-
loaded. Estimation of the jugular venous pressure
(JVP) on physical examination can be rapidly per-
formed; however, the accuracy of this technique is
not high, even in the hands of an experienced clin-
ician. Auscultation of the heart and lungs is sen-
sitive for detecting signs of volume overload (S3,
crackles, and rales), but does not distinguish the
hypovolemic state. Assessment of skin turgor,
capillary refill, and the mucous membranes can
likewise be misleading.

Afterload is the force that the heart must
generate in order to eject blood into the arterial
compartment. Since MABP is proportional to
the product of systemic vascular resistance (SVR)
and the cardiac output (CO), SVR is one of the
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main determinants of afterload. A comprehensive
review of the technique for insertion, calibration,
and collection of data from a pulmonary artery
(PA) catheter is beyond the scope of this chapter.

It is essential to note that excessive heart rate
(HR) increases myocardial O, consumption and
may further compromise at-risk myocardium.
Additionally, patients with normal vital signs
can be in profound shock states despite calcu-
lated MABP, central venous pressure (CVP), HR,
and O, saturation that are considered within
normal ranges.

After the assessment of the cardiopulmonary
reserve, a rapid neurological assessment is per-
formed followed by complete exposure of the
patient. Next, a comprehensive head-to-toe phys-
ical examination is performed to identify evi-
dence of decreased organ perfusion and to search
for the etiology of the presenting complaint.
Altered mental status, cyanosis, delayed capillary
refill, and skin mottling may be early signs of
decreased oxygenation and perfusion.

Differential diagnosis

Physical examination and right heart catheteriza-
tion are useful in the determination of the etiology
of the various shock states, but the latter is rarely
immediately available in the emergency depart-
ment (ED). Table 5.2 outlines the physiologic
parameters that characterize each shock state.

Hypovolemic shock

Hypovolemic shock is defined by the loss of
intravascular volume. CVP, pulmonary artery
occlusion pressure (PAOP), and cardiac output
are low, while SVR is elevated. In the early com-
pensated stages, the pulse pressure is narrowed
due to vasoconstriction, but ultimately hypoten-
sion occurs with decompensation. The initial
treatment of hypovolemic shock is aggressive
volume expansion with crystalloid solution.
Transfusion of blood products may be required if
hemorrhage is the cause of hypovolemia.

Cardiogenic shock

The most common cause of cardiogenic shock is
acute myocardial infarction, accounting for nearly
half the cases. Low cardiac output and high SVR
characterize cardiogenic shock. CVP and PAOP
are most often elevated during acute exacerbations
of CHF, but may be normal if the patient has

Table 5.2 Physiologic parameters in shock states

CVP PAOP SVR/  CO/

SVRI Cl
Hypovolemic 4 4 T 4
Cardiogenic ) T T ]
Distributive
Sepsis =% =% 4 1
Anaphylaxis ) = d T
Neurogenic o o 4 =
Obstructive
Tamponade ) ) i) l
Tension PTX i i T 4
Massive PE ) gb ) l

CVP: central venous pressure

PAOP: pulmonary artery occlusion pressure
SVR: systemic vascular resistance

SVRI: systemic vascular resistance index
CO/CI: cardiac output/cardiac index

PTX: pneumothorax

PE: pulmonary embolism.

2True CVP and PAOP are diminished due to impaired
venous return. Measured pressure is falsely elevated,
reflecting pleural pressure rather than vascular pressure.

bTrue left atrial pressure is low due to obstruction of
flow through the pulmonary vasculature. Measured
pressure may be falsely elevated, reflecting pulmonary
vascular resistance rather than left heart filling pressure.

received adequate diuresis. Suggested cardiac
parameters for the diagnosis of cardiogenic
shock include cardiac index (CI) < 1.8 L/min/m?,
SBP < 80mmHg, and PAOP > 18cmH,0. The
initial treatment of CHF includes preload and
afterload reduction. When shock is present, add-
ition of a cardiotonic vasopressor is required.
Strong evidence supporting selection of one vaso-
pressor over another does not exist. Consensus
committee (ACC/AHA) has recommended the
use of dobutamine if SBP isgreater than 90,
dopamine if SBP isless than 90, and norepin-
ephrine if hypotension is severe or refractory to
dopamine infusion. An intra-aortic balloon pump
(IABP) should be considered for patients who do
not respond to vasopressor therapy. This tech-
nique employs placing an intra-aortic balloon that
inflates during diastole, augmenting MABP and
systemic perfusion, and deflates during systole,
effectively diminishing afterload and improving
cardiac output. Percutaneous coronary angioplasty
and/or coronary artery bypass grafting should be
strongly considered in patients with acute coro-
nary ischemia complicated by shock.
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Distributive shock

In early sepsis, SVR is elevated. However, as septic
shock progresses, SVR drops precipitously.
Cardiac output is increased in most cases, but a
cytokine known as myocardial depressant factor is
believed to be released from the pancreas, and may
impair systolic function in later stages. Impaired
cardiac perfusion will also adversely affect cardiac
output. Vascular permeability is increased. Fluid
shifts and increased insensible losses may lead to
intravascular volume depletion and low CVP and
PAOP. Early broad-spectrum antibiotic therapy
and emergent surgical drainage or debride-
ment, when indicated, are the cornerstones of
treatment. Volume replacement should be guided
by invasive monitoring of either CVP or PAOP.
Norepinephrine is the vasoactive agent of choice.
Recently introduced to the US, activated protein C
complex (Xigris®) may improve survival.

Anaphylactic shock is accompanied by the
massive release of cytokines in an inflammatory
cascade, with loss of vasomotor tone and increased
vascular permeability. Epinephrine, steroids, and
antihistamines are initial therapies. Persistent
hypotension requires infusion of an agent that
supports vasomotor tone. Again, norepinephrine
makes the most sense physiologically.

Neurogenic shock

Neurogenic shock, classified by some as a type of
distributive shock, is a consequence of injury to
the sympathetic ganglion chain. Neurogenic shock
characteristically manifests as hypotension and
bradycardia. Since spinal cord injury is most preva-
lent in the young population, this entity usually
occurs in patients with normal cardiac function.
It is of the utmost importance to rule out occult
hemorrhage, and to use signs of organ perfusion
to guide the initiation of pharmacologic therapy.
Many of these patients perfuse their organs well
at below-normal MABP. If signs of hypoperfu-
sion develop, then selection of an agent that sup-
ports SVR (norepinephrine or neosynephrine)
makes the most sense physiologically.

Obstructive shock

Two causes of obstructive shock, tension pneumo-
thorax and cardiac tamponade, are reversible by
surgical intervention. Support of the patient by
volume loading is temporizing at best. Massive
pulmonary embolus causes the release of vaso-
active cytokines from the pulmonary vascular bed,

obstruction of flow, and acute right ventricular
dysfunction, collectively impairing left ventricu-
lar filling. Thrombectomy or thrombolysis can be
life-saving interventions. Support of cardiac func-
tion with volume infusions and dobutamine may
be a bridge to these interventions. Chronic pul-
monary hypertension may also limit flow through
the pulmonary vascular bed. The onset of shock is
an end-stage, pre-terminal event. Treatment with
potent pulmonary vasodilators is hazardous in
this shock state since hypotension from peripheral
arterial dilation is a frequent side effect, mandat-
ing use of a pulmonary artery catheter.

Diagnostic testing

Rapid bedside screening is the hallmark of the
initial approach to screening and assessment of
the undifferentiated patient in shock. Vital signs,
pulse oximetry, and continuous monitoring are
the standard testing. Following a head-to-toe
assessment, a Foley catheter should be placed
with an urometer to assess adequate hourly uri-
nary output (0.5ml/kg/hour). Initial screening
studies for the undifferentiated patient include:
bedside blood sugar analysis, arterial blood gas
analysis, chest radiography, and an electrocar-
diogram. A comprehensive metabolic profile, uri-
nalysis, and complete blood count are required on
each patient. Consideration for toxicologic stud-
ies, blood and urine cultures, cardiac profiles,
and endocrinologic screening should be made on
a case-by-case basis. Serum lactate levels can be
used to guide therapy, and may have prognostic
value. An argument can be made to perform a
quick, bedside echocardiogram to exclude cases
of cardiac tamponade and global cardiac hypoki-
nesis, but controlled trials supporting this
approach have not been published. Additional
radiographic studies of the head, chest, abdomen,
pelvis, and extremities are second-tier studies
and should only be obtained once the patient has
been clinically stabilized.

General treatment
principles
Oxygenation

Whenever a shock state is present, O, supplemen-
tation is required. O, may be delivered via facial
delivery devices, non-invasive mechanical venti-
lation, or by conventional mechanical ventilation.
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Simple means of delivering supplemental O,
include the use of a nasal cannula, venturi mask,
or O,-reservoir non-rebreathing apparatus. O,
delivered via nasal cannula is appropriate only
when low O, flow is required. It is impossible
to determine the fraction of inspired O, (FiO,)
delivered to any given patient because it varies
with respiratory rate, the degree of nasal versus
mouth breathing, and the O, flow rate. In general,
if more than 5L/min of O, flow is required with a
nasal cannula, then an alternative device should
be employed.

A venturi mask uses various O, flow rates
combined with various venturi apertures to pro-
duce increasing O, supplementation, generally
higher than can be delivered by nasal cannula.
Although each mask lists specific FiO, ratings
from 0.28 to 0.50, these are rough estimates at
best. If the listed flow rate with the smallest aper-
ture does not provide enough supplemental O,,
then an alternative device is required.

A non-rebreathing apparatus combines a col-
lapsible bag reservoir with high-flow O, and
an exhalation valve so that high FiO, can be
delivered. When used optimally, the FiO, range
may approach 0.6-0.8.

The current literature supports the use of non-
invasive positive pressure ventilation (NPPV) in
patients without hemodynamic compromise,
cardiac dysrhythmias, or altered mental status.
Therefore, NPPV use in the management of
shock should be limited to patients with respira-
tory failure without hemodynamic instability.
This literature strongly supports the use of
NPPV in patients with hypercapneic hypoxemic
respiratory failure, such as those with exacerba-
tion of chronic obstructive pulmonary disease
(COPD). Data from descriptive studies regarding
its use in selected cases of hypoxemic respiratory
failure, such as acute respiratory distress syn-
drome (ARDS), is available, but prospective ran-
domized trials are lacking. Prospective trials
investigating NPPV use in CHF with pulmonary
edema suggest that continuous positive airway
pressure (CPAP) is beneficial. Studies utilizing
bilevel positive airway pressure (BiPAP) have
been small and did not demonstrate benefit.

Early generations of non-invasive ventilators
bled O, into the ventilator tubing, so FiO, was
not tightly controlled. O, flow was increased
until the patient’s arterial O, saturation (SaO,)
was optimized. In newer models, the FiO, can
be more precisely set with a mixture valve,
and adjusted as needed based on saturation
monitoring.

Invasive mechanical ventilation should be
considered for any patient who does not achieve
adequate SaO, despite maximal non-invasive O,
supplementation. All patients who are placed on
invasive ventilation should initially receive an
FiO, of 1.0 because the switch from spontaneous
breathing (negative pressure) to assisted ventila-
tion (positive pressure) causes unpredictable
alterations in pulmonary blood flow and ventila-
tion-perfusion mismatch. FiO, can then be
decreased as the patient’s SaO, allows. Patients
with pulmonary edema, particularly those with
ARDS, may require the addition of positive end-
expiratory pressure (PEEP) to optimize oxygen-
ation. Although many factors must be considered
in determining the optimal level of PEEP, most
authors recommend starting at 3-5cmH,0.
Thereafter, PEEP is incrementally increased by
2-3cmH,0, allowing 15-30minutes after each
increase for alveolar recruitment. PEEP is
increased until SaO, reaches a minimum 88-90%.
Further increases in PEEP may then be required
to allow the FiO, to be decreased to 0.6. As PEEP
is increased, the mean intrathoracic pressure
increases. A critical point is reached when venous
return to the heart is compromised due to
increased intrathoracic pressure, impairing cardiac
output. PEEP should not be increased beyond
the point where hemodynamic compromise
occurs.

Cardiac intervention

Pathologic rhythms may be a cause or conse-
quence of a shock state. In either scenario, the
goal of therapy should be to convert this to a perfu-
sing thythm. Bradycardic rhythms should be sped
up either pharmacologically or with electrical
transthoracic or transvenous pacing. Atropine is
considered the first-line agent in patients with a
pulse. It should be considered a temporary meas-
ure, and preparation for pacing should be rapidly
accomplished. In contrast, a bradycardiac patient
without a pulse should receive CPR and alternat-
ing doses of epinephrine and atropine while
preparing to initiate electrical pacing.

The principles for electrically pacing the heart
are the same for transthoracic and transvenous
techniques. In both modes, the initial HR is set
between 80 and 100 beats per minute. In the
pulseless patient, the output is set at maximum,
and dialed downward after the heart demon-
strates capture. In contrast, the output is set at
a minimum in the patient with a pulse, and
dialed upward until capture is achieved.
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In both scenarios, the final output should be
set at 10-20% above the threshold for capture.
The causes of failure to capture include malposi-
tion of the pacing leads, hypothermia, hypo-
glycemia, hypoxemia, acidosis, and electrolyte
disturbance.

Sinus tachycardia in the shock state is compen-
satory. Except in some types of intoxication (sym-
pathomimetic or anticholinergic overdose), acute
ischemic coronary syndromes, and other unusual
circumstances, measures directed at slowing the
HR should be limited to correcting the underlying
cause. All other tachycardias are pathologic, and
may be the etiology for the shock state. These
should be converted to a perfusing rhythm by the
most rapid means, usually electrical cardiover-
sion. The exception to this rule is atrial fibrillation
(Afib). Acute Afib, defined as Afib of less than 48
hours duration, may be treated with cardiover-
sion. Patients with chronic Afib, defined as Afib of
greater than 48 hours duration, have an increased
risk of systemic embolization of an atrial throm-
bus. Such patients, or those in whom the duration
of Afib is unknown, should receive anticoa-
gulation or undergo transesophageal echocar-
diography before attempts at cardioversion
are undertaken. The decision to cardiovert such
a patient should be made in consultation with a
cardiologist.

Volume intervention

Following initial assessment of the preload,
either fluid or diuretic therapy should be insti-
tuted. The size of an initial fluid bolus is a matter
of clinical judgment. A previously healthy young
adult with acute hemorrhage may safely receive
rapid infusion of several liters of a crystalloid
solution. In contrast, a frail, elderly patient with a
history of CHF may require boluses of only a few
hundred milliliters at a time. The crucial step is
reassessment after each intervention to decide
whether further volume expansion is indicated.

A patient who is volume overloaded requires
diuresis. Loop diuretics, such as furosemide,
torsemide, and bumetadine, are the most com-
monly used first-line agents. Frequent reassess-
ment of the response in urinary output is
mandatory to guide subsequent therapy. Other
interventions that may be employed to lower
preload include the administration of B-type
natriuretic peptide (nesiritide), nitrates, opiates,
rotating tourniquets, and dialysis. Opiates should
be used with caution as they are associated with
worse outcomes in acute CHFE.

Blood transfusion intervention

The effect of raising the hemoglobin (Hgb) on O,
delivery is profound. The administration of 2
units of packed red blood cells (RBCs) to increase
the Hgb by 25% (e.g., an increase of hematocrit
from 20% to 25%) will also increase the calcu-
lated O, delivery by 25%. For this reason, admin-
istration of blood should be considered in patients
with shock and anemia. Rapid estimation of Hgb
is available in most centers by commercially-
available analyzers, blood gas machines, or cen-
trifuge techniques.

The threshold for administration of blood has
been dictated by practice habit, and not by the
evidence in the medical literature. It is generally
recommended that adult trauma victims unre-
sponsive to initial volume expansion with 2L of
crystalloid receive blood transfusion. Patients
with coronary artery disease or CHF should be
transfused with a goal of keeping the hematocrit
above 30%. Other patients may benefit from
blood therapy if the hematocrit falls below
20-24%. Of note, blood therapy has not been
demonstrated to improve survival, decrease the
duration of mechanical ventilation, or decrease
the need for vasopressors. Controversy also
exists because transfused allogenic RBCs may
impair host immune response, and are less effi-
cient at carrying O, than native RBCs.

Vasoactive agent intervention

Treatment of abnormalities in contractility and
afterload should follow correction of preload, par-
ticularly in hypovolemic states. Use of vasocon-
stricting agents in the setting of volume depletion
will further compromise organ perfusion, causing
organ ischemia and infarction. Many of the
vasoactive medications used to treat shock affect
both myocardial contractility and SVR. A thor-
ough knowledge of the action of adrenergic recep-
tor physiology and the action of the vasoactive
agents on these receptors is necessary to guide
selection of a vasoactive agent.

Alpha-1 (a-1) receptors are found in arterial
smooth muscle and in the conduction system of
the heart. The physiologic effect of a-1 stimulation
is increased cardiac excitation/conduction and
arterial vasoconstriction (including coronary, cere-
bral, renal, and splanchnic arterial beds). Beta-1
(B-1) receptors are found in the myocardium and
the conduction system. -1 stimulation results in
increased contractility and cardiac excitation.
Beta-2 (B-2) receptors are found in arterial and
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bronchial smooth muscle. B-2 stimulation results
in arterial vasodilation.

Vasopressors

The vasopressors are listed in Table 5.3, as first-
and second-line agents. Table 5.4 provides the
relative affinity of the first-line agents at the o and
B receptors. Table 5.5 lists the suggested dose
ranges.

Table 5.3 Vasoactive medications and initial dose

First-line agents
Norepinephrine 1 mcg/minute
Dopamine 3 mcg/kg/minute
Dobutamine 3 mcg/kg/minute
Phenylephrine 20 mcg/minute

Second-line agents

Amrinone 1 mcg/kg bolus, then 2 mcg/kg/minute
Milrinone 50 mcg/kg load, then 0.375 mcg/kg/minute
Epinephrine 1 mcg/minute

Vasopressin 0.03 international units/minute

Table 5.4 Receptor affinity and hemodynamic effects

a-12 g-1®  B-1° p-24

Dopamine
Low dose 0 2+ 2+ 2+
High dose 3+ 2+ 2+ 2+°¢
Dobutamine
Low dose 0 4+ 1+ 12+
High dose 1-2+ 4+ 1+ 12+

Norepinephrine 4+ 2+ 2+ 0
Epinephrine 4+ 4+ 4+ 3+

Phenylephrine 4+ 0 0 0

a: vasoconestriction; b: inotropic; c: chronotropic;
d: vasodilation; e: effect lost.

Modified from: Khalaf S, DeBlieux P. J Crit lliness
June 1, 2001.

Table 5.5 Dose ranges of vasoactive agents in adults

Dopamine and dobutamine
Low dose 3-8 mcg/kg/minute
High dose 8-20 mcg/kg/minute

Norepinephrine and epinephrine
1-10 mcg/minute

Phenylephrine
20-200 mcg/minute

Norepinephrine is predominately an a-1 agon-
ist, although it has non-selective B activity as
well. At low doses, it raises cardiac output and
SVR proportionately, but the potential to raise
cardiac output is limited. As the infusion rate
increases, its effect is essentially limited to an
increase in SVR and HR. The primary role of nor-
epinephrine is in the treatment of septic shock
with hypotension attributable to low SVR. A con-
sensus committee has previously recommended
norepinephrine as the agent of choice in cardio-
genic shock with SBP below 70 mmHg.

Dopamine activates 3 receptors at moderate
dose range (3-8 mcg/kg/minute) and both o and
B receptors at higher infusion rates (>8 mcg/kg/
minute). Clinically, SVR is decreased and cardiac
output is increased at low doses. At higher doses,
SVR increases, blunting further rises in cardiac
output. Dopamine has been recommended as the
agent of choice in patients with cardiogenic
shock and SBP between 70-90 mmHg. Dopamine
may cause pulmonary vasoconstriction, with
resultant rise in PAOP, limiting its value as an
index of left heart preload. Tachyphylaxis to
dopamine infusion may also occur.

Dobutamine activates B receptors throughout
its dose range, and is a more potent cardiac stimu-
lant than dopamine. It has weaker o receptor
activity than dopamine. The balance of the effect
of increased cardiac output and decreased SVR
can have a variable effect on MABP. Those patients
with large increases in contractility tend to expe-
rience a rise in MABP, while those with a weak
increase in cardiac output in response to dobuta-
mine tend to have no change in or diminished
MABP. It is impossible to predict which patients
will respond with increased cardiac output; how-
ever, younger patients tend to be more responsive
than the elderly. In contrast to dopamine, dobut-
amine tends to cause pulmonary vasodilation.

Epinephrine is a potent o and [ agonist,
roughly 500 times more potent than dopamine
or dobutamine. It is arrhythmogenic, increases
myocardial O, consumption, and causes tachycar-
dia. Its use is limited to cardiac arrest, refractory
life-threatening bradycardia, and anaphylactic
shock.

Phenylephrine is a pure a-1 agonist. It may be
useful in the management of vasomotor collapse,
as in distributive or neurogenic shock. However,
because it is less well studied than the other
vasopressors, its routine use is not advocated at
present.

Isoproterenol is a potent B agonist. It causes
a marked increase in HR and myocardial O,
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consumption. Its only role is in the treatment
of life-threatening bradycardia. Its use should
therefore be limited to failure of electrical cardiac
pacing.

Amrinone and milrinone are not adrenergic
receptor agonists. Instead, they inhibit phospho-
diesterase, producing an effect similar to B
agonists. These are second-line agents for the
treatment of CHF, and may be additive in effect
to dobutamine.

Vasopressin is an endogenous peptide hor-
mone that has vasoconstrictive and antidiuretic
effects via receptors in the vascular smooth muscle
and the kidneys. It has undergone preliminary
investigation as an agent for use in septic shock.
However, its routine use cannot be advocated until
prospective randomized trials are completed.

Pitfalls

¢ Failure to recognize early signs of shock,
before hypotension develops.

¢ Failure to provide early ventilatory support to
the hemodynamically-compromised patient.

* Inadequate fluid resuscitation of the volume-
depleted patient before initiating vasoactive
infusion.

¢ Delay in administration of empiric broad-
spectrum antibiotics in septic shock.

¢ Failure to continuously monitor
hemodynamic parameters (Table 5.6) as a

Table 5.6 Normal values of hemodynamic parameters

cVP 2-6 cmH,0

PAOP 8-12.cmH,0

(o) 3.8-7.5L/min (approximate for normal
size adult)

Cl 2.4-4.0 L/min/m?

SVR 800-1400 dyne/s/cm?® (approximate for

normal size adult)

SVRI 1600—2400 dyne/s/m?/cm?®

CVP: central venous pressure

PAOP: pulmonary artery occlusion pressure
CO: cardiac output

Cl: cardiac index

SVR: systemic vascular resistance

SVRI: systemic vascular resistance index

guide to titration of fluid therapy and
vasoactive infusions.

o Improper selection of vasoactive agents.

* Reliance on pulse oximetry as an index of
Sa0, during periods of hypoperfusion,
severe hypoxemia, or when a hemoglo-
binopathy is present.
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6 Traumatic injuries
David E. Manthey, MD

Scope of the problem

Traumatic injuries account for about 37% of emer-
gency department (ED) visits. In 2000, EDs in the
US evaluated and treated more than 29.5 million
people for injuries. More than 148,000 of these
people died as a result of traumatic injuries. Of
these deaths, 43,354 were the result of motor
vehicle crashes, 16,765 from homicide, and 13,322
from falls. Each year, approximately 7000 fatalities
occur in pedestrians struck by automobiles. Falls
are the number one cause of non-fatal trauma and
the second leading cause of brain injury. According
to a 1999 study (using 1993 data), the treatment
and long-term care of injuries cost $69 billion,
approximately 12% of medical care expenditures.

Patients with severe or life-threatening trau-
matic injuries may present to the ED at any time
of day, either immediately following their injury
or in a delayed fashion. They may arrive by ambu-
lance having benefited from pre-hospital care
and advanced notification, or be “dropped off”
by a friend or family member. Emergency physi-
cians must be skilled at the initial evaluation and
treatment of these patients.

Peaks of death

Death from traumatic injury tends to occur dur-
ing one of three distinct time frames following
the injury. The first “peak of death” occurs within
seconds to minutes of the injury, typically resulting
from devastating injuries to the central nervous
system, heart, or major vessels. Very few of these
patients can be saved.

The second “peak of death” occurs minutes to
hours following the injury. Deaths during this
period occur as a result of major head, chest,
abdominal or pelvic injuries, as well as injuries
associated with significant blood loss. During the
“golden hour” of trauma care, the rapid trans-
portation, identification, and resuscitation of these
injuries is essential to preserving life. These
injuries require emergent stabilization and gener-
ally surgical intervention.

The third “peak of death” occurs days to
weeks after the original injury. This is most often
the result of sepsis or multiorgan failure.

Primary survey

Initial evaluation of the trauma patient begins with
the primary survey:

* Airway with cervical spine control

* Breathing

¢ Circulation with hemorrhage control
e Disability

e Exposure and environmental control

This is a systematic approach to the assessment
and simultaneous treatment of life-threatening
traumatic injuries.

It is essential that traumatic life- or limb-
threatening injuries are treated at the time they
are identified, not after the entire examination is
completed. Obtaining a detailed patient history
and evaluation for secondary (non-life threaten-
ing) injuries are deferred until the secondary sur-
vey. This is often difficult because some secondary
injuries are very dramatic, and human nature
draws us to them.

Airway with cervical spine control
Assessment

The airway should be assessed immediately to
make certain that it is both patent and protected.
If there is a risk that the patient will not be able to
maintain his or her airway, early intervention
must be considered. Establishment of a secure
airway takes precedence over the remainder of
the trauma evaluation.

Listen for stridor and/or dysphonia, as both
serve as indicators that the trachea or surround-
ing structures have been injured. When either of
these findings is present, rapid intervention is
required.

Assess the patient for agitation, obtundation,
and cyanosis. These findings may be indirect
signs that the patient is not adequately oxygena-
ting or ventilating, resulting in hypoxia or
hypercarbia.

Examine the patient for the presence of facial
fractures that may lead to bleeding or airway
obstruction. Carefully remove the front of the cer-
vical collar (while providing spinal stabilization)

Principles of Emergency Medicine 93

saunful anewne.|



saunlul s1i3eWNe |

to look for evidence of penetrating injuries,
subcutaneous emphysema, or an expanding
hematoma of the anterior neck. Determine if the
trachea is midline. Deviation of the trachea may
be associated with a local hematoma or tension
pneumothorax.

Open the patient’s mouth carefully to identify
abnormalities such as bleeding or swelling. The
gentle use of a tongue blade may facilitate this
task. Can the patient swallow and handle secre-
tions?

Some trauma patients arrive at the ED after
intubation in the field. Do not assume that the
airway is secure. Correct endotracheal (ET) tube
placement may be confirmed by the direct visual-
ization of the ET tube passing through the vocal
cords, the presence of a normal oxygen saturation,
and the detection of end-tidal carbon dioxide
(COy). Other measures to assess ET tube place-
ment include auscultation of symmetric breath
sounds over the chest, the absence of breath
sounds over the epigastrium, fogging within the
ET tube, symmetric chest rise with ventilation,
and the esophageal bulb detection device.
However, these methods are not as reassuring as
direct visualization and the detection of end-
tidal CO,.

Assume injury to the cervical spine in any
patient with the following findings:

multi-system or major trauma;
altered level of consciousness;

blunt injury above the clavicles;
appropriate mechanism of injury;
neck pain, ecchymosis or deformity;
neurologic deficits.

-
* ‘

Figure 6.1

Treatment

All trauma patients should receive supplemental
oxygen regardless of their oxygen saturation.
Oxygenation may be monitored with a pulse
oximeter if an appropriate waveform can be
identified.

The tongue remains the most common reason
for airway obstruction. When a patient is supine or
unconscious, the tongue can be raised by maneu-
vers such as the chin lift or jaw thrust, or with
devices such as the nasopharyngeal or oropharyn-
geal airway. The neck should neither be flexed nor
extended if a cervical spine injury is suspected or
the patient is unconscious (Figure 6.1). The air-
way should remain clear of debris and vomit by
a manual sweep or a suction device.

A trauma patient should be intubated for any
of the following reasons:

* apnea or inadequate ventilation;

¢ protection from aspiration;

¢ impending or suspected airway compromise;

¢ hypoxia despite supplemental oxygen;

¢ closed head injury with Glasgow Coma Scale
(GCS) <9.

A complete approach to controlling a patient’s
airway is described in Chapter 2. An organized
approach in a stepwise pattern should utilize one
or more of the following methods:

(a) Chin lift/jaw thrust/nasopharyngeal
airway/oropharyngeal airway: The use of
adjunctive airways and simple maneuvers
to lift the tongue out of the pharynx often
allows ventilation of the patient until a
definitive airway can be established.

(a) A patient with an extension teardrop fracture of the vertebral body of C2. (b) Inadvertent hyperextension of the patient’s
neck could lead to subluxation of the vertebral bodies and injury to the spinal cord. Courtesy: Michael Zucker, MD.
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(b) Bag-valve mask (BVM): Every clinician
should be skilled at ventilating a patient
using a BVM, which allows ventilation of an
apneic patient or patient with respiratory
distress until a definitive airway can be
established. Providing a good mask seal and
ensuring that the tongue does not obstruct
the pharynx are essential for effective BVM
ventilation.

(c) Intubation: ET intubation can be

performed by direct laryngoscopy, over

an endoscope or guidewire, or through a

laryngeal mask airway (LMA). Direct

laryngoscopy is safe in the trauma

patient when performed with in-line

immobilization to protect the cervical

spine. Rapid sequence intubation (RSI) may
facilitate intubation of a patient without
requiring bag-valve mask ventilation.

However, prior to paralyzing the patient,

it is important to assess for a difficult airway

and ensure that the patient can be effectively

BVM-ventilated should the intubation prove

difficult or impossible.

Transtracheal jet ventilation: When intubation
fails, ventilation using a needle placed
through the cricothyroid membrane will
temporarily allow oxygenation of the
patient.

(e) Surgical cricothyroidotomy: This
surgical airway may be necessary when
ET intubation either fails or is not feasible.
It involves incising the cricothyroid
membrane to allow placement of an ET
or tracheostomy tube directly into the
trachea (Figure 6.2).

d

~

Figure 6.2
Surgical cricothyroidotomy. Courtesy. Mel Herbert, MD.

Breathing
Assessment

Evaluation of the patient’s breathing determines
how well the patient is oxygenating and ventila-
ting. Employ a pulse oximeter to assess oxygena-
tion and, if available, a quantitative end-tidal CO,
monitor to assess ventilation. An arterial blood
gas will assess both oxygenation and ventilation,
and provides the patient’s acid-base status, which
is often related to the adequacy of resuscitation
efforts.

Auscultate the lungs for bilateral symmetric
breath sounds. The lack of breath sounds on one
side may indicate a pneumothorax or hemothorax.
The clinician should search for signs of a tension
pneumothorax, such as a deviated trachea away
from the affected side, distended neck veins,
decreased breath sounds on the affected side,
and hypotension (Figure 6.3).

Percussion of the chest may help differentiate
a pneumothorax from a hemothorax. However,
this technique may be of limited utility during a
noisy trauma resuscitation.

Observe the chest wall for symmetric rise as
well as for any paradoxical movement suggestive
of a flail chest (Figure 6.4). Flail chest is caused
by the fracture of two or more ribs at two or more
segments, causing a free-floating segment that
moves inward with inspiration due to negative
pressure generated.

Palpate the entire thorax (anterior and poste-
rior) for crepitus and rib tenderness. Crepitus
suggests an underlying pneumothorax, while rib
tenderness alerts the physician to a possible rib
fracture and underlying pulmonary contusion.

Look for an open (sucking) chest wound.
If the chest wound is two-thirds the size of
the patient’s trachea or larger, air can preferen-
tially enter the thoracic cavity through this chest
wall injury, resulting in a tension or open pneumo-
thorax.

Treatment

When evaluating a trauma patient’s respiratory
status, one must keep in mind life-threatening
conditions that must be addressed. These include
hypoxia, tension pneumothorax, open pneumo-
thorax, massive hemothorax, tracheo-bronchial
tree disruption, and flail segment.

Hypoxia should be treated with supplemental
oxygen. Intubation should be performed if neces-
sary. A diligent search for reversible causes of
impaired ventilation should occur.
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Emergent treatment of a tension pneumo-
thorax converts it to a simple pneumothorax. This
can be accomplished by needle decompression
(needle thoracostomy) using a 14-G catheter over
needle (Figure 6.5). Insertion of the needle over
the third rib (second intercostal space) in the mid-
clavicular line results in a release of intrapleural
air and the subsequent reversal of adverse hemo-
dynamic effects. The catheter is left in place until

Apprehension, agitation; } ’
increasing cyanosis,

a 36-French chest tube is promptly placed at the
4th intercostal space in the mid-axillary line
(chest tube thoracostomy).

An open pneumothorax allows air to preferen-
tially enter the thoracic cavity through the defect
rather than the trachea. This results in significant
hypoxia, increased work of breathing, and hyper-
carbia. This wound should be treated with an air
occlusive dressing (such as a defibrillator pad or

air hunger (ventilation
severely impaired)

Distended neck veins

p - _
e Tracheal displacement
Possible — toward uninjured side
subcutaneous —— 4~ ]
emphysema -
Hyperresonant
percussion note;
Shock: skin breath sounds

cold, clammy

Figure 6.3

or absent

Tension pneumothorax. Campbell, John E., Basic Trauma Life Support for Advanced Providers, 5th
ed., Copyright 2004. Reprinted by permission of Pearson Education, Inc., Upper Saddle River, NJ.

Figure 6.4

(a) lNlustration of flail chest. (b) Chest X-ray showing flail chest with an underlying lung contusion. Reproduced from
D. Mandavia et al, Color Atlas of Emergency Trauma, Cambridge, Cambridge University Press, 2003.
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Vaseline gauze) taped on three sides to produce a
flutter valve (Figure 6.6). This type of dressing
will prevent the entrance of air into the pleural
space during inhalation but allow the escape of
intrapleural air during exhalation.

A massive hemothorax (Figure 6.7) is identi-
fied by more than 1500ml of blood within the
thoracic cavity. It is initially treated and diag-
nosed with a tube thoracostomy. The use of an
auto-transfuser with the pleuravac will allow this
blood to be infused back to the patient. Continued

bleeding (the drainage of >200ml of blood per
hour for 2-4hours), blood transfusions, or the
patient’s hemodynamic status dictate the need
for operative intervention (thoracotomy).

A flail segment occurs when two or more con-
tiguous ribs are broken in two or more places.
The paradoxical movement of this segment, the
restricted chest wall movement due to pain, and
the underlying pulmonary contusion lead to
hypoxia and ineffective ventilation. Prevention
of over hydration in this clinical situation may

Figure 6.5

Needle thoracostomy for tension pneumothorax. Reproduced from D. Mandavia et al,
Color Atlas of Emergency Trauma, Cambridge, Cambridge University Press, 2003.

On inspiration, dressing seals
wound, preventing air entry

Dressing allows trapped air to escape
through untaped section of dressing on expiration

Figure 6.6
Treatment of an open pneumothorax. Campbell, John E., Basic Trauma Life Support for Advanced Providers,
5th ed., Copyright 2004. Reprinted by permission of Pearson Education, Inc., Upper Saddle River, NJ.
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avert fluid overload of the injured lung. Intubation
with positive pressure ventilation is often required
to treat this injury.

Circulation
Assessment

Shock is defined by inadequate organ perfusion
and tissue oxygenation, not by a specific blood
pressure measurement. A patient with a low blood
pressure may continue to perfuse well, as evi-
denced by normal mentation, skin temperature,
and color. Alternatively, a “normal” measured
blood pressure may be found in a patient who is
not adequately perfusing his or her vital organs.

Hypovolemia, typically from hemorrhage, is
the most common cause of shock in trauma
patients. Most preventable trauma deaths result
from the failure to recognize and adequately treat
hemorrhagic shock. Always assume that hypo-
volemic shock is present, and treat it until proven
otherwise. Familiarity with the classes of hypo-
volemic shock is important, as they correlate with
blood loss and help guide therapy (Table 6.1).
Other causes of shock in the trauma patient
include neurogenic shock (from spinal cord injury),
obstructive shock (from cardiac tamponade), and

"”

Cyanosis

Neck veins flat

Respiratory difficulty
as a late symptom

distributive shock (from sepsis). Cardiogenic
shock may be the initial cause of a traumatic
injury, but is rarely the result of one.

Evaluation of a patient’s circulatory status can
be difficult. Use all available options when assess-
ing a trauma patient for the presence of shock.
Assess the patient’s mental status. Confusion,
restlessness, combativeness or unconsciousness
may all result from shock. Other causes of altered
mental status in the trauma patient include head
injury or intoxication.

Check and re-check the patient’s vital signs.
The presence of hypotension suggests a signifi-
cant shock state. However, children and healthy
adults can maintain their blood pressure in the
face of severe blood loss, although other signs of
shock will usually be apparent.

Calculate the pulse pressure, which is the dif-
ference between the systolic and diastolic blood
pressure. A narrowed pulse pressure may reflect
peripheral vasoconstriction occuring in order to
maintain cardiac output.

The patient’s pulse may be elevated due to
hypovolemia, or secondary to pain and stress.
The earliest manifestations of shock include
tachycardia and cutaneous vasoconstriction. The
pulse may also be misleadingly normal due to the
inability to develop tachycardia secondary to age,

Breath sounds
absent; dull to
percussion

Shock

Figure 6.7

Massive hemothorax. Campbell, John E., Basic Trauma Life Support for Advanced
Providers, 5th ed., Copyright 2004. Reprinted by permission of Pearson Education, Inc.,

Upper Saddle River, NJ.
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medications (such as beta- or calcium channel
blockers), or a vagotonic response to hemoperi-
toneum.

Examine the patient’s extremities. Delayed
capillary refill time (>2seconds) may reflect
decreased peripheral perfusion. Cool, moist, or
pale extremities suggest shock.

Always compare peripheral and central pulses.
If the central pulses are markedly stronger than
the peripheral pulses, this may be a sign of periph-
eral vasoconstriction in order to preserve preload
and maintain cardiac output.

Evaluate the patient’s jugular veins. Flat jugu-
lar veins suggest hypovolemia. Full neck veins
are normal in the recumbent patient. Distended
jugular veins suggest an obstructive process.
When combined with impending shock, this
finding suggests cardiac tamponade (Figure 6.8),
tension pneumothorax, or cardiogenic shock in
the trauma patient.

Assess the patient’s urinary output. It should
be at least 0.5ml/kg/hour in the adult patient,
1ml/kg/hour in the pediatric patient and 2ml/
kg/hour in children <1 year of age. Decreased
urine output may reflect poor renal perfusion

secondary to continued hypovolemia and under-
resuscitation.

The assessment of a patient’s circulatory sta-
tus is an ongoing process. When resuscitating the
patient with the crystalloid, it is important to
determine how the patient responds to each fluid
challenge.

Treatment

During the assessment of the patient’s circulation,
one must stop all obvious external bleeding. Direct
pressure or a compression bandage accomplishes
this in most instances. In some cases, placing a
hemostatic figure-of-eight stitch over the bleeding
area may be required. Blind probing or clamping
deep within a wound should be avoided.

Venous access is required in all trauma
patients for the administration of isotonic fluids
and blood (if necessary). Two large-bore intra-
venous (IV) catheters (16G or larger) are pre-
ferred. Short, large-caliber peripheral IVs allow
the rapid infusion of large volumes of fluid. If the
patient’s condition prevents placement of periph-
eral IVs, a central venous catheter may be placed

Table 6.1 Estimated blood loss, signs and treatment for classes of shock
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Class of shock Blood loss Signs Treatment

Class | 0-750 ml (up to 15% of Tachycardia PO fluids (if not NPO),
blood volume) IV crystalloid fluids
Class I 750—-1500 ml (15-30% Tachycardia IV crystalloid fluids
of blood volume) Tachypnea
Pulse pressure narrows
Class Il 1500—2000 ml (30—40% Tachycardia (>120) IV crystalloid fluids,
of blood volume) Tachypnea (30—-40) packed RBCs
Narrowed pulse pressure
Decreased systolic blood pressure
Decreased urinary output
Decreased mental status
Decreased capillary refill
Class IV >2000 ml (>40% Tachycardia (>140) IV crystalloid fluids

blood volume) Tachypnea (>35)

Absent pulse pressure

Markedly decreased systolic
blood pressure

No urinary output

Confused to lethargic

Markedly decreased

capillary refill

with packed RBCs

NPO: nil per os; RBCs: red blood cells. Source: Committee on Trauma, American College of Surgeons. Advanced
Trauma Life Support Instructor Manual, 5th ed., Chicago: American College of Surgeons, 1997.
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in the subclavian, internal jugular, or femoral vein.
A peripheral venous cutdown may be performed
on the saphenous vein. In children <8 years
of age, intraosseous placement of a needle may
provide rapid vascular access as the primary
approach or if peripheral IV access fails.

Fluid resuscitation should be given rapidly, up
to a predetermined amount. The patient’s hemo-
dynamic response should be evaluated after this
initial bolus. Patients who respond quickly may
not need further fluids or blood, as they may have
limited blood loss. Patients who respond only
transiently are likely to have ongoing blood loss,
requiring further resuscitation with fluids and
likely blood products. These patients require a
rapid search for the cause of their blood loss.
Patients who do not respond to the initial bolus
require additional resuscitation with blood and
fluids. An emergent trip to the operating room
(OR) may be required to diagnose the source of
bleeding, as well as control it. Finally, consider
other causes for hemodynamic compromise, such
as neurogenic or cardiogenic shock, which require
alternate therapeutic approaches.

Blood products should be used for patients
who remain hemodynamically unstable or who
have ongoing blood loss requiring replacement.
When there is no time to type and screen a patient,
type O blood should be utilized. Administer

Distended neck veins

Blood in the pericardial sac
compresses the heart and

impairs ventricular filling

Reflex tachycardia
attempts to (but cannot)
compensate for a

low output

Tamponade is diagnosed ,,4
by distention of neck
veins, hypotension and
narrowed pulse "
pressure /7

/]

Figure 6.8

Rh-negative blood to women of childbearing age.
When it is available, administer ABO type-specific
and Rh-compatible blood. This blood can be ready
approximately 15minutes after the blood bank
receives the type and screen specimen. Type and
crossmatched blood is the best source to avoid
incompatibility reactions, but requires over an
hour to obtain.

Depending on the etiology of the shock state, the
physician may utilize other procedures such as:

1. needle decompression followed by tube
thoracostomy for tension pneumothorax;

2. needle pericardiocentesis or pericardial
window for cardiac tamponade;

3. circumferential pelvic binding, external
fixation, or pelvic angiography with
embolization of bleeding vessels for the
treatment of displaced pelvic fractures.

An ED thoracotomy is indicated for a pene-
trating chest trauma patient who loses vital signs
within a few minutes of arriving at or within the
ED. This procedure should only be performed if
the hospital has the facilities and staff to address
the injury. A thoracotomy allows for definitive
treatment of pericardial tamponade, repair of a
cardiac laceration, cross-clamping the aorta to
prevent ongoing blood loss, and clamping the
pulmonary arteries.

Trachea midline

This results in a low
cardiac output and
high central venous
pressure

Normal breath sounds

Cardiac tamponade. Campbell, John E., Basic Trauma Life Support for Advanced Providers, 5th ed., Copyright
2004. Reprinted by permission of Pearson Education, Inc., Upper Saddle River, NJ.
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Often the patient may leave the ED for the OR
during the circulation assessment portion of the
primary resuscitation. This may be necessary to
obtain control of active bleeding within the chest
or abdominal cavity.

Disability
Assessment

Assessment of the patient’s disability during the
primary survey should be brief and directed to
the following three areas: level of consciousness,
pupillary examination, and movement of extrem-
ities. It is always important to assess neurologic
function prior to paralysis of the patient as part
of rapid sequence intubation (RSI).

Assess the level of consciousness with the
AVPU approach or the Glasgow Coma Scale
(GCS). AVPU relates to the patient’s level of
response: the patient may be Alert, respond to
Voice or Pain, or remain Unresponsive.

The GCS (Table 6.2) is used to follow the
patient’s status, guide therapy, and communicate
with consultants. Scores range from a minimum
of 3 to a maximum of 12, with a score of 8 or less
indicating coma. A GCS drop of two is consid-
ered deterioration, while a drop of three is con-
sidered a catastrophic change.

The pupil examination should look for pupil
symmetry and reactivity to light. A dilated,

Table 6.2 Glasgow Coma Scale

Eye opening
Spontaneous

To verbal command
To pain

None

=N wH

Verbal response
Oriented — converses
Disoriented — converses
Inappropriate words
Incomprehensible

No response

“NW,LrO

Motor response

Obeys verbal commands
Localizes to painful stimuli
Flexion withdrawal
Abnormal flexion
Extension

No response

“NWHLOO

unreactive (“blown”) pupil in a comatose patient
suggests transtentorial intracranial herniation
leading to unilateral compression of the third cra-
nial nerve. Disconjugate gaze may be associated
with various etiologies of coma.

Assessment of movement in all extremities is
a gross evaluation of spinal cord function, not
peripheral nerve function. It is more important to
judge symmetry and strength in all extremities
than isolated peripheral nerve function.

Treatment

The two most dangerous insults to the trauma-
tized brain, hypoxia and hypotension, should be
addressed during the initial evaluation and
resuscitation. ET intubation is indicated in any
patient with a GCS <9.

In cases of neurologic deterioration or lateral-
izing neurologic signs, mannitol and controlled
hyperventilation to a partial pressure of carbon
dioxide (PCO,) between 30 and 35 mmHg may
be employed as temporizing measures to reduce
intracranial pressure. Other therapies to consider
in the severely brain injured patient include anti-
convulsants, deep sedation, and elevating the
head of the bed to 30°. Neurosurgical procedures
such as operative craniotomy, skull trephination
with burr hole placement (Figures 6.9a and b), or
intraventricular pressure monitor placement are
often required.

Reticular activating system intact (though patient may not be aware)
Opens eyes when told to do so

Opens eyes in response to pain

Does not open eyes to any stimuli

Aware of self and environment; oriented to person, place and time
Organized and well articulated, but disoriented to person, place or time
Random exclamatory recognizable words

Moaning, no recognizable words

No response or intubated

Readily moves limbs when told to do so

Moves limb in an effort to remove painful stimulus

Pulls away from pain in flexion

Decorticate rigidity

Decerebrate rigidity

Hypotonic, flaccid; suggests loss of medullary function or concomitant

spinal cord injury

Adapted from Marx JA (ed.). Rosen’s Emergency Medicine: Concepts and Clinical Practice, 5th ed., St. Louis:

Mosby, 2002.
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The cervical collar should be maintained until
a cervical spine injury has been excluded.
However, once the stability of the spine has been
assessed, the patient may be carefully log rolled
off the spine board to prevent skin breakdown
and minimize patient discomfort.

For patients with acute spinal cord injuries,
rapid IV administration of high-dose steroids
has been recommended, although this treatment
remains controversial. Early discussion with
neurosurgical consultants is recommended.

Exposure and environmental control
Assessment

Fully undress the victim from “head to toe” to
allow a complete assessment. Look under collars

Figure 6.9

(a) Epidural hematoma. (b) Evacuation of the epidural
hematoma following burr hole placement in the ED.
Courtesy: Damon Kuehl, MD.

and splints, in the axilla and under skin folds,
and log roll the patient to examine the back
and buttocks. Identify and treat any active sites
of bleeding. Failure to completely expose the
patient may result in missing a significant trau-
matic injury, such as a gunshot or stab wound
(Figure 6.10).

Figure 6.10
(a) A patient with a suspected gunshot wound. The initial
physical examination did not reveal the injury, delaying
definitive treatment. (b) The gunshot wound was later
located under the patient’s skin fold. Courtesy: Clement
Yeh, MD.
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Treatment

Remove all wet or contaminated clothing. If the
patient has been in an industrial or chemical acci-
dent, decontamination is critical for patient care.
It is also critical that the medical staff protect
themselves from exposure, morbidity, and inca-
pacitation.

Keep the patient warm by raising the temper-
ature of the resuscitation room, applying warm
blankets, ventilating with warm humidified air,
and administering warmed IV fluids. Hypother-
mia in trauma patients is associated with increased
mortality, and should be prevented. The patient’s
chance of survival may drop with every degree
drop in core temperature.

Secondary survey

This detailed head to toe examination is initiated
only after life-threatening injuries have been
evaluated and treated during the primary sur-
vey. At that time, multiple other evaluations may
occur, including trauma radiographs and labora-
tory studies. Although there are a multitude of
items to address in each anatomical area, what
follows is a review of items specific to trauma.

1. Head, eyes, ears, nose, and throat (HEENT)
(a) Assess for evidence of a basilar skull
fracture by identifying the presence of
Battle’s sign (ecchymosis over the
mastoid) (Figure 6.11), Raccoon eyes

Figure 6.11

Battle’s sign. Reproduced from D. Mandavia et al, Color
Atlas of Emergency Trauma, Cambridge, Cambridge
University Press, 2003.

(ecchymosis around the eyes) (Figure
6.12) or hemotympanum (blood

behind the eardrum) (Figure 6.13). Look
for a cerebrospinal fluid (CSF)

leak manifested by rhinorrhea or
otorrhea.

(b) Assess for depressed skull fractures by
careful palpation. Impaled foreign
bodies and bone fragments should not
be manipulated.

(c) Assess for facial injury and stability by
palpating the facial bones. Severe facial
fractures can lead to airway compromise
and may alter the approach to the
airway. Malocclusion of the teeth may
indicate a mandible fracture (Figure 6.14).

(d) Look for lacerations that will require
repair. Unattended scalp lacerations can
bleed vigorously.

Figure 6.12

Raccoon eyes due to a frontobasilar skull fracture.
Reproduced from D. Mandavia et al, Color Atlas of
Emergency Trauma, Cambridge, Cambridge University
Press, 2003.

Figure 6.13

Hemotympanum. Reproduced from D. Mandavia et al,
Color Atlas of Emergency Trauma, Cambridge,
Cambridge University Press, 2003.
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(e) Determine visual acuity and assess
pupillary size and function. Assess the
eye for globe injury and signs of internal
damage, such as hyphema.

(f) Examine the nasal septum for a
hematoma, which, if untreated, may
lead to an abscess or nasal cartilage
necrosis.

. Cervical spine/neck

(a) Palpate the cervical spine and identify
areas of tenderness, swelling or step-off
deformity.

(b) Look for penetrating injuries within the
three separate zones of the neck.

(c) Evaluate for subcutaneous emphysema,
which may be associated with

laryngotracheal injury or pneumothorax.
. Chest

(a) Palpate the sternum, clavicles, and ribs
for tenderness or crepitus. The presence
of subcutaneous emphysema suggests
an underlying pneumothorax.

(b) Look for bruising or deformity to

suggest an injury to the underlying lung.
. Abdomen

(a) Assess for any distention, tenderness,
rebound or guarding. Two common
sources of blood loss in patients with
abdominal trauma are injuries to the
liver and spleen.

(b) Flank ecchymosis may suggest a
retroperitoneal bleed.

(c) The presence of a “seat belt sign” is
correlated with an eight-fold higher
relative risk of intraperitoneal injury
(Figure 6.15).

(d) Reliable assessment of the abdomen may
be compromised by the presence of
altered mental status, intoxication with
alcohol or illicit drugs, or the presence of
painful distracting injuries.

5. Back

(a) Log roll the patient with assistance while
maintaining spinal alignment. Palpate
the entire spine for any spinous process
tenderness.

(b) Assess for hidden wounds in the axilla,
under the cervical collar, and in the
gluteal region.

. Pelvis

(a) In order to assess the stability of the
pelvis, the physician may gently employ
anterior—posterior compression of the
anterior superior iliac spines, lateral
compression of iliac crests, and
cranial-caudal distraction of opposite
iliac crests. This should be performed
one time only, as vigorous manipulation
of the bony pelvis may exacerbate
bleeding from a pelvic fracture or the
venous plexus.

(b) Palpate the symphysis pubis for pain,
crepitus, or widening.

(c) Pelvic fractures can be responsible for as
much as 4-6 L of occult blood loss.

. Perineum

(a) Evaluate the perineum for ecchymosis,
suggestive of a pelvic fracture or
urethral disruption.

. Urethra

(a) Look for blood at the urethral meatus to
assess for possible urethral disruption
before placing a urinary catheter.

Figure 6.14
Malocclusion associated with a mandible fracture.
Courtesy: S.V. Mahadevan, MD.

Figure 6.15
Seat belt sign. Courtesy. Jo Feldman, MD.
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9. Rectum

(a) Arectal examination is required to
assess sphincter tone during the
neurological examination.

(b) A high-riding prostate suggests
disruption of the membranous urethra.
A urinary catheter should not be placed
in this circumstance.

(c) A pelvic fracture may cause a rectal wall
laceration and rectal bleeding.

(d) Gross blood on digital rectal
examination suggests a bowel injury.

10. Vagina

(a) A vaginal examination should be
performed in female patients to assess
for palpable fractures, vaginal
lacerations, and blood within the
vaginal vault.

11. Extremity examination

(a) Re-check the vascular status of each
extremity, including pulses, color,
capillary refill, and temperature.

(b) Inspect every inch, palpate every
bone, and check the range of motion
of all joints. Assess for deformity,
crepitus, tenderness, swelling, and
lacerations.

(c) Unstable fractures or those associated
with neurovascular compromise should
be reduced immediately. Splinting of
fractured bones can provide hemostasis,

prevent further injury, and enhance
patient comfort.

(d) Femur fractures can result in as much as
2 units of occult blood loss.

12. Neurologic

(a) At this time, a complete neurologic
examination should be done. This
includes a repeat GCS score, re-
evaluation of the pupils, a cranial nerve
examination, a complete sensory and
motor examination, testing of the deep
tendon reflexes, and an assessment of
the response to plantar stimulation.

History

Where and how were you injured (shot,
struck)? Where are you hurting?

An understanding of the mechanism of injury
may provide clues to the type(s) of injuries seen
in trauma patients (Table 6.3). Significant injuries
may occur without obvious external evidence of
trauma. The cervical spine is a classic example.

Did you lose consciousness?

Although many argue about the significance of
the duration of unconsciousness, most agree that
its presence should increase concern for an intra-
cranial injury.
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Table 6.3 Mechanisms of traumatic injury and associated injuries

Mechanism

Steering column damage
Sudden deceleration (fall, MVC)
Windshield star

Rear impact, head turned to side
Side impact

Seat belt sign, stab wound below
the nipple or scapular tip

Fall, landing on heels
Direct blow to head
Blast injury

High kinetic energy missile (bullet)

Possible traumatic injury

Myocardial or pulmonary contusion

Traumatic aortic disruption, immobile C7-T1 junction injury
Subdural hematoma, epidural hematoma, cervical spine injury
Jumped cervical facet

Fractured hip

Intra-abdominal injury

Tibial plateau fracture, lumbar spine fracture, calcaneal fracture
Coup and contre-coup brain injuries
Air-containing body cavities most vulnerable

Injury extends beyond bullet wound

MVC: motor vehicle collision.
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What amount of blood loss occurred at the
scene/en route?

Quantifying this amount may be difficult, but
recognizing that the patient has already lost a
significant amount of blood will guide therapy.

What was the temperature at the scene?

Assesses the potential for hypothermia or hyper-
thermia.

What was the direction of impact?

This allows clinicians to ascertain the forces
imposed upon the body and identify associated
injuries, such as a jumped facet in the cervical
spine.

What was the appearance of the vehicle?

This includes damage to the steering wheel, star-
ring of the windshield, and intrusion of the door

into the passenger compartment. Report of this
information, or a photo allows an estimation of
the amount of kinetic energy delivered to the
patient (Figure 6.16).

What was your position in the car?

Knowledge of both damage to the car and the
patient’s position in the car allow the clinician
to better ascertain what the patient’s injuries
might be.

What was the speed of the vehicle (if
isolated collision) or vehicles? What type of
vehicle(s) were involved?

Remember that energy equals mass times veloc-
ity squared, so you need to know the mass and
velocity to determine the amount of force trans-
mitted. Larger cars, sport utility vehicles (SUVs),
and trucks that ride higher off the ground gener-
ally protect the passenger more than small, light
vehicles.

Figure 6.16

Side impact motor vehicle collision with passenger space intrusion. Campbell, John E., Basic Trauma Life Support
for Advanced Providers, 5th ed., Copyright 2004. Reprinted by permission of Pearson Education, Inc., Upper Saddle

River, NJ.
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Did you use restraining devices?

Ask about the use of seat belts (including shoulder
and lap, or lap-only restraints) and the deploy-
ment of air bags.

Did their vehicle roll over? Was there a
fatality at the scene?

Affirmative answers to any of these questions
raise the likelihood of serious injury.

Were you wearing a helmet?

For patients of motorcycle or bicycle crashes, this
information is important given the amount of pro-
tection that helmets afford the brain. Evaluation
of the helmet is also important to determine the
amount of force distributed to the head.

How far did you fall and what did you land on?

Both the height of the fall and the hardness of the
surface the patient struck are important in deter-
mining the likelihood of injury and the body parts
injured.

What caused the fall?

Did the patient have a seizure or syncope which
caused the fall? Was the fall preceded by chest
pain or difficulty breathing? Was alcohol involved?
Was this a suicide attempt?

Did an explosion occur?

What was the patient’s distance from the blast?
Blast injuries may occur from the primary blast
force, secondary missiles, or due to tertiary impact
against a hard surface (Figure 6.17).

Secondary
missile, etc.
being propelled

Tertiary impact hard surface
multiple injuries possible

Figure 6.17

Primary blast force

Injuries: 1. Ears

2. Lungs
3. Gl tract

Blast injury. Explosions can cause injury with the initial blast, when the victim is struck by debris, or by the victim being
thrown against the ground or other fixed objects by the blast. Campbell, John E., Basic Trauma Life Support for Advanced
Providers, 5th ed., Copyright 2004. Reprinted by permission of Pearson Education, Inc., Upper Saddle River, NJ.
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How many shots were fired?

This question may help determine if you are miss-
ing an injury or if the wounds may represent two
separate entrance wounds rather than a single
wound (entrance and exit).

Do you know what type of weapon was used?

Although this is notoriously unreliable, knowl-
edge of the type of weapon and the bullet’s
velocity may help determine the injury pattern.
The length and width of the blade in a stab
wound may also assist with patient evaluation.
Additionally, for stab wounds, the hand domi-
nance and gender of the attacker may provide
useful information if it is known.

What were you struck with?

Being struck with a bat or pipe versus a fist
implies a greater magnitude of force applied to
the tissue, suggesting the possibility of a larger
amount of external and internal damage.

Was this a crush injury?

If so, ascertain the weight and force of the object
that struck the patient.

Were there any drugs (including alcohol) at
the scene?

Ask this question of emergency medical system
(EMS) providers in addition to querying the
patient about his or her use of drugs. This is
important in the assessment of mental status and
establishing the patient’s reliability.

Associated symptoms

Did you experience any symptoms (chest
pain, seizure, abdominal pain, headache,
etc.) before the collision?

It is possible that the patient may have had a col-
lision resulting from a medical problem. Always
give consideration to these conditions as a possi-
ble cause of the incident. Furthermore, these
conditions may be exacerbated by the stress of
the incident.

Past medical
Can you tell me your AMPLE history?

Always take an “AMPLE” history from the patient
or EMS providers. This information will help

clinicians if the patient subsequently becomes
non-communicative:

Allergies

Medications

Past surgical and medical history

Last meal

Events surrounding trauma/environment

mr >

When was your last tetanus?

As almost all trauma patients have some degree
of injury to skin coupled with contamination
(tetanus-prone), it is important to inquire about
the patient’s immunization status. This question
can wait until the end of the evaluation. Tetanus
status should be updated according to accepted
guidelines.

Do you have a bleeding disorder or are you
taking anticoagulant medication?

Patients with bleeding disorders or taking anti-
coagulant medication (Coumadin) may bleed
significantly following even minor trauma; the
threshold to search for occult bleeding is lower. It is
important to get this information early on to allow
timely administration of whatever factor or prod-
uct is needed for correcting any abnormalities.

Are you taking any medication that would
limit your cardiovascular response?

Patients taking certain medications (i.e., beta block-
ers or calcium channel blockers), and patients
with pacemakers may present with a “relative
bradycardia” (a normal heart rate despite signifi-
cant blood loss).

Differential diagnosis

Although not an exhaustive list, injuries that can
be elusive or determined by physical exam-
ination have been included (Table 6.4).

Diagnostic testing
Laboratory studies
Type and crossmatch

A type and cross should be obtained immediately
on all significant trauma patients. This allows for
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Table 6.4 Traumatic injuries

Diagnosis

Airway
obstruction/
esophageal
intubation

Cardiac
tamponade

Flail chest

Head injury
(subdural,
epidural,
impending
herniation)

Hemothorax

Neurogenic
shock

Open
pneumothorax

Pneumothorax

Pulmonary
contusion

Tension
pneumothorax

Tracheo-
bronchial tree
disruption

Traumatic
aortic
disruption

Symptoms

Altered mental status,
combativeness.

Shortness of
breath, shock.

Shortness of breath,
chest pain.

Altered mental status,
headache, combat-
iveness.

Shortness of breath,
chest pain.

Paralysis, shock.

Open defect in chest
wall at least two-thirds
the diameter of the
trachea.

Shortness of breath,
chest pain.

Shortness of breath,
chest pain.

Shortness of breath,
shock.

Shortness of
breath.

Chest pain
radiating to back,
between scapulae.

Signs

Hypoxia, gastric breath
sounds, abdominal
distention, inability

to BVM ventilate.

Beck’s triad: shock,
muffled heart
tones, and JVD.

Rib fractures,
paradoxical movement
of ribs, hypoxia.

Focal neurologic
examination, asymmet-
ric pupils, Cushing’s
triad (HTN, brady-
cardia, and irregular
respirations).

Decreased breath
sounds, percussion
dullness.

Hypotension, bradycar-
dia, paralysis, absence
of sweating, wide pulse
pressure.

“Sucking” chest
wound.

Decreased breath
sounds, percussion
tympany.

Decreased breath
sounds.

Hypotension, unilateral
decreased breath
sounds, tracheal
deviation, JVD.

Decreased breath
sounds, persistent air
leak with chest tube.

Limited findings
externally.

Workup

Check ET tube
placement and
oxygen supply.

Ultrasound
(echocardiography).

CXR may show
pulmonary
contusion as well
as fractures.

Brain CT scan will
define emergent
intracranial injuries.

CXR may reveal
opacification of
the affected side
due to supine
position.

Clinical examina-
tion, CVP moni-
toring, exclude
other causes.

Detect on clinical
examination,
CXR.

CXR may
demonstrate
lung line.

CXR, pulmonary
infiltrates; ABG for
A-a gradient, PaO,.

Detect on clinical
examination, not
by CXR.

CXR, CT scan.

CXR: widened
mediastinum

CT angiography:
periaortic hematoma,
aortography.

Treatment

Replace ET tube.

Pericardiocentesis,
pericardial window,
open thoracotomy.
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Pain control, positive
pressure ventilation.

OR or ICU
management,
intracranial
pressure monitor.

Tube thoracostomy,
consider cell-saver
device and auto-
transfusion.

Fluids, atropine,
dopamine/
norepinephrine,
phenylephrine.

Occlude wound on
three sides to create
one-way valve, tube
thoracostomy.

Tube thoracostomy.

Intubation if
necessary and
pain control.

Needle
decompression
followed by tube
thoracostomy.

Open thoracotomy
and repair.

Fluid and blood
resuscitation,
emergent
operative repair.

BVM: bag-valve mask; ET: endotracheal tube; JVD: jugular venous distension; CXR: chest X-ray; ABG: arterial blood
gas; CVP: central venous pressure; HTN: hypertension; OR: operating room; ICU: intensive care unit.
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the shortest time to obtain type and screened
blood during the initial resuscitation.

Complete blood count

A complete blood count (CBC) may be mislead-
ing. The white blood cell (WBC) is often elevated
due to demargination of WBCs during the stress
response and is unlikely due to infection. A
hemoglobin concentration of less than 10 g/dl in
a trauma patient indicates clinically significant
anemia. Conversely, a normal initial hemoglobin
level does not exclude significant hemorrhage. A
patient’s hemoglobin value is not a real-time
indicator of his or her intravascular blood vol-
ume. It takes many minutes to hours before
hemoglobin value accurately reflects the degree
of blood loss in trauma patients. Following the
trend of serial hemoglobin measurements every
15 to 30 minutes can provide useful information
regarding ongoing blood loss.

Coagulation studies

Although these are often normal early in the treat-
ment of a trauma patient, early identification and
aggressive treatment of the inability to clot is
important, especially in patients receiving anti-
coagulants.

Electrolytes and renal function

Routine assessment of electrolyte status and kid-
ney function is important, as patients are likely to
receive contrast for imaging studies or may have
baseline renal insufficiency. Serious electrolyte
imbalances should be recognized and treated
depending on their role and risk to the patient.

Arterial blood gas

An arterial blood gas assesses both oxygenation
(PaO, — partial pressure of oxygen in arterial
blood) and ventilation (PaCO, — partial pressure
of carbon dioxide in arterial blood) of a patient.
Many trauma surgeons utilize the base deficit to
assess the patient’s response to resuscitation
efforts. The presence of an increased base deficit
(=6) or decreased serum bicarbonate may signify
a metabolic acidosis resulting from acute blood
loss and under-resuscitation.

Lactate

The body produces lactate during anaerobic
glycolysis which occurs during a shock state. A

lactate may be followed to identify the adequacy
of resuscitation.

Drug screen

Many institutions routinely obtain a urine drug
screen on all trauma patients. This policy has
limited utility, as most illicit drugs do not have
specific antidotes (with the exception of opiates)
and only require supportive care. Additionally,
by the time the levels return, the condition as it
relates to the traumatic injury should have
already been identified and treated.

Pregnancy

The presence of a first trimester pregnancy does
little to change the evaluation of a trauma patient.
However, a positive pregnancy test may influence
the selection of medication and the use of radio-
graphic studies.

Urinalysis

Hypotension with microscopic hematuria requires
an assessment of the renal system. In most cases,
however, this will have already occurred before
the formal urinalysis result returns.

Electrocardiogram

The electrocardiogram (ECG) has limited utility in
the trauma patient. An ECG should be obtained
if a myocardial infarction is suspected or dysrhyth-
mia is present, or as an aid to identifying the
cause of trauma. An ECG and cardiac monitoring
are recommended in cases of suspected trau-
matic cardiac injury, although the evaluation of
this diagnostic entity remains controversial.

Radiologic studies

Trauma radiographs should include an antero-
posterior (AP) chest, AP pelvis, and cervical
spine series.

Chest X-ray

A chest radiograph is useful to assess for pneumo-
thorax, hemothorax, pulmonary contusion, and
rib fractures (Figures 6.18a and b). It also allows
for the early nonspecific assessment of an aortic
injury by demonstrating a widened mediastinum
or blurring of aortic knob (Figure 6.19).
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Figure 6.18

(a) Supine chest radiograph on a trauma board demonstrating a fracture of the left 7th rib posteriorly. A large left-sided
pneumothorax is present, with deepening of the costophrenic sulcus, and partial collapse of the underlying lung. There are
also fractures of the right posterior 5th, 6th, and 7th ribs, with no obvious pneumothorax on the right. (b) Anteroposterior
(AP) chest radiograph following chest tube placement, with almost complete resolution of the pneumothorax and
re-expansion of the left lung. Band atelectasis is present in the left mid-zone. Courtesy: S.V. Mahadevan, MD.
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Figure 6.19

PORT/SUPINE KB

AP supine chest radiograph demonstrating widening of the superior mediastinum, with a
poorly-defined aortic contour, and apical pleural capping suggestive of an underlying
aortic injury. There is also a layering hemothorax on the left, with mediastinal shift to the

right. Courtesy: S.V. Mahadevan, MD.

Pelvis X-ray

An AP plain radiograph of the pelvis will iden-
tify the majority of pelvic fractures. It allows
for early identification of serious pelvic injuries
that may be a source of blood loss, and may
also detect proximal femur fractures and hip
dislocations.

Cervical spine X-ray

Most trauma centers obtain at least a three-view
plain film series of the cervical spine to assess for
fracture, subluxation, and dislocation.

The NEXUS cervical spine criteria identify
low-risk trauma patients who do not require cer-
vical spine radiography. Patients who meet all of
the following five clinical criteria are at extremely
low risk for cervical spine injury:

1. normal level of consciousness,

. no painful distracting injuries,

. no evidence of intoxication,

. no posterior midline cervical tenderness,
. no focal neurologic deficits.

U= W N

Ultrasound

The Focused Assessment with Sonography in
Trauma (FAST) examination has become a widely
utilized tool in the evaluation of the trauma
patient. The FAST exam has the advantages of
being quick, non-invasive, and performed concur-
rently with the trauma resuscitation. The purpose
of the FAST examination is the rapid identification
of free fluid (presumably blood) in the peritoneal
cavity or pericardial space. The FAST examina-
tion may be repeated as many times as necessary.
In skilled hands, the FAST examination provides
an attractive alternative to diagnostic peritoneal
lavage (DPL) in unstable trauma patients. A
detailed description of the FAST examination can
be found in Appendix E.

Computed tomography

Computed tomography (CT) is an essential diag-
nostic tool for the evaluation of hemodynami-
cally stable trauma patients. CT scanning is
commonly performed of the head, cervical spine,
chest, abdomen, and pelvis. The advent of helical
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(spiral) CT scanners has improved both the
speed and accuracy of CT imaging. The use of
reformatted CT images aids in the detection and
characterization of subtle traumatic injuries.
However, since most CT scanners are located
outside of the ED, the decision to send a patient
to the CT scanner should be made only after
careful assessment of a patient’s clinical condi-
tion (i.e., hemodynamic status) and the likelihood
of hemodynamic decline.

Angiography

Many specialty centers have angiography suites
designed for treatment of certain traumatic vas-
cular injuries. In skilled hands, with the right staff,
embolization of bleeding vessels can control or
stop hemorrhage from pelvic fractures or other
vascular sources with success rates approaching
or surpassing those from surgery. It is important
that the ED staff, trauma team, and angiography
staff work together regarding the management
of these challenging patients.

Additional therapies

A nasogastric tube may decompress the stomach
and decrease the risk of aspiration. However,
nasogastric tube insertion is contraindicated in
the presence of midface fractures. This may
result in the inadvertent insertion of the nasogas-
tric tube through a fractured cribriform plate into
the cranial vault (Figure 6.20). An orogastric tube
can still be placed in this circumstance if done
carefully.

A transurethral bladder (Foley) -catheter
monitors urine output, a sensitive indicator of
renal perfusion and volume status. The Foley
catheter is contraindicated if a urethral injury is
suspected as suggested by the following clinical
findings:

1. perineal ecchymoses,

2. blood at the urethral meatus,

3. high-riding or non-palpable prostate, or
4. scrotal hematoma.

With any of these findings, a retrograde urethro-
gram may be necessary to exclude urethral injury
prior to Foley catheter insertion.

Consider IV antibiotics and tetanus adminis-
tration for traumatic wounds. In patients with
open fractures, empiric prophylactic antibiotics
should be administered as soon as possible after
the injury.

Remember to treat pain early. It is important
to frequently reassess the patient’s need for addi-
tional pain medications.

Special patients
Pediatric

Pediatric trauma patients require specialized
management with respect to almost all portions
of care. Physicians experienced in managing
pediatric trauma and post-trauma care at centers
experienced in pediatrics should assume this
responsibility.

Airway management of a child may be more
difficult than an adult due to anatomical differ-
ences, such as a larger head, more prominent
tongue, anterior larynx, and floppy epiglottis.
Children commonly develop shock due to respi-
ratory compromise rather than cardiac causes, so
airway and breathing must be assessed and
addressed rapidly and repeatedly.

Children may maintain their blood pressure
until  impending hemodynamic collapse.
Hypotension in a child is a dangerous and often
premorbid condition. Vascular access in children is
commonly difficult. The use of an intraosseous

Figure 6.20

Computed tomography scout film reveals intracranial
placement of a nasogastric tube in a patient with severe
craniofacial trauma. Reprinted from Oral Surgery, Oral
Medicine, Oral Pathology, Oral Radiology, and
Endodontology, Vol. 90, Ferreras J, Junquera LM, Garcia-
Consuegra L, Intracranial placement of a nasogastric
tube after severe craniofacial trauma, 564-566, © 2000
Mosby, with permission from Elsevier. Image courtesy of
LM Junquera, Universidad de Oviedo, Spain.
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needle in patients <8 years old should be consid-
ered if peripheral access is not obtained within
3minutes. Isotonic crystalloid fluid boluses
should be given in 20ml/kg amounts, with
blood given in 10ml/kg aliquots to patients not
responding to crystalloid.

As the ribs are more pliable in children, signif-
icant injury to the lungs may occur without
external evidence of injury. Identification of rib
fractures in young children suggests a massive
energy transfer and the possibility of severe
underlying organ injury. The liver often pro-
trudes below the protective rib margin, and is
therefore at greater risk for injury.

Head injuries in children are often devastat-
ing, as little room exists for brain swelling.
Damage to the spinal cord and resulting neuro-
logic injury may occur without evidence of
spinal column fracture. This condition is known
as SCIWORA (Spinal Cord Injury Without
Radiographic Abnormality). The GCS is modi-
fied for pediatrics by altering the pediatric verbal
score for children <4 years of age (Table 6.5).

Due to the increased body surface area-to-
volume ratio of children, they are prone to develop
hypothermia more quickly than adults. Preven-
tion of heat loss is of tremendous importance in
pediatric trauma patients.

Elderly

The elderly population is extremely prone to falls
and subsequent injury. Decreased coordination,

Table 6.5 Modified Glasgow Coma Scale for
preverbal children

Eye opening
Spontaneous

To verbal command
To pain

None

- NDwH

Verbal response

Coos, babbles

Cries, consolable
Persistently irritable (cries)
Restless, agitated (moans)
No response

—“NDWhrO

Motor response
Spontaneous
Withdraws to voice
Withdraws to pain
Abnormal flexion
Abnormal extension
No response

—“NWhroo

muscle strength, vision, and fine motor skills
needed for driving place the elderly popula-
tion at greater risk of injury. The evaluation of
elderly patients may be more challenging due to
changes in their anatomy and physiology. These
patients often lack the cardiovascular reserve
necessary to respond to hypovolemia, and may
not develop tachycardia. Decreased sensitivity
of the peritoneal cavity due to aging allows these
patients to have a benign abdominal examina-
tion despite catastrophic disease. As the brain
atrophies, it is displaced from the inner skull,
which creates a space spanned by bridging
vessels. These vessels are more prone to injury
during impact, and this additional space may
hide clinical signs of intracranial bleeding for an
unspecified period of time.

Pregnant

Advanced Trauma Life Support (ATLS) suggests
that a qualified trauma surgeon and obstetrician
should be consulted early in the evaluation of the
pregnant trauma patient. However, the initial
evaluation and management priorities of a preg-
nant woman remain unchanged. The best care
for the fetus is to provide optimal care to the
mother, with early assessment of the fetus. This
includes adequate fluid resuscitation, prevention
of maternal hypoxia or hypercarbia, and under-
standing the physiologic changes that occur in
pregnancy.

After approximately the 10th week, pregnant
women develop both an increased cardiac output
and plasma volume. This cardiac output can be
markedly decreased if the uterus sits on the infe-
rior vena cava when the patient is supine after 20
weeks gestation. This supine hypotension syndrome
may occur in a pregnant patient immobilized on
a backboard. It is important to elevate the right
side of the board or manually displace the gravid
uterus to the left to relieve this pressure.

This alteration in physiology means that the
pregnant trauma patient may sustain a larger
amount of blood loss before showing clinical
signs. Accordingly, the fetus may be in shock even
though the mother appears stable. Direct evalua-
tion of the fetus is accomplished by cardiotocogra-
phy for a minimum of 4 hours, to evaluate uterine
contractions and fetal cardiac activity.

The pregnant patient should be assessed for
vaginal bleeding or leakage of amniotic fluid.
Although the uterus and pelvis provides an
additional cushion for the fetus, lack of abdomi-
nal injury to the mother does not exclude the
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possibility of significant injury to the fetus, uterus,
or placenta.

A Kleihauer-Betke (KB) acid elution test on
maternal blood should be performed to assess
for fetomaternal hemorrhage. Its purpose in the
ED is to screen Rh-negative woman at risk for
large fetomaternal hemorrhage that exceeds the
efficacy of the 300mcg dose of Rhogam. Rh
immunoglobulin (RhIG) can effectively prevent
Rh isoimmunization if administered within
72 hours of exposure to the Rh antigen. All Rh-
negative pregnant trauma patients should be
considered for RhIG therapy. Remember to
administer O negative blood if a type and cross-
match is not feasible.

As a rule, all pregnant women who sustain
trauma of any type should be considered as vic-
tims of intimate partner violence (IPV). Pregnant
patients are far too often assaulted, kicked, or
pushed during arguments, without being consid-
ered as victims. In fact, many abused pregnant
women do not consider themselves victims of vio-
lence. It is common for women in this situation to
be afraid to describe the details of their injury.
Also, it is common that their injuries do not fit the
mechanism they describe. Fear of being alone,
intimidation, subsequent acts of violence, or los-
ing financial support are only a few reasons for
not reporting IPV. Social services, police involve-
ment, housing assistance and emotional support
should be provided under such circumstances.

Disposition

Although most EMS providers have established
guidelines for transporting trauma patients to
specific trauma centers, every ED should be pre-
pared to handle patients who sustain traumatic
injuries. Patients who require subspecialty care
not available at your institution should be con-
sidered for transfer. The transfer process should
be started as soon as a need for transfer is identi-
fied. Most trauma centers prefer to receive the
patient earlier in the course of care, following ini-
tial stabilization with less evaluation, rather than
later. All life-threatening injuries should be eval-
uated and addressed prior to transfer.

Trauma patients with evidence of airway,
breathing, or circulatory compromise require the
consultation of a trauma surgeon. This should be
done while providing necessary stabilization and
appropriate treatment. Waiting on the arrival of
the surgeon before performing life-saving proce-
dures should not occur.

Institutions have specific criteria to notify the
trauma or surgical service of a trauma patient’s
arrival. Familiarity with an institution’s criteria
is extremely important to patient care. Often emer-
gency physicians perform the primary and sec-
ondary surveys prior to the arrival of a trauma
surgeon or team, with consultation directed by
the injuries identified. Most of the time, however,
a trauma surgeon will be involved in the initial
evaluation of the trauma patient, and will assist
with admission and disposition decisions after
the initial resuscitation. Emergency physicians
have the primary responsibility for trauma
patients while they remain in the ED.

Disposition options for each trauma patient
include discharge to home, admission to an obser-
vation unit, ward or intensive care unit (ICU), a
trip to the OR, or transfer to another facility.
Admission decisions should not be delayed until
completion of an exhaustive evaluation. Rather,
disposition options should be considered early
and repeatedly throughout the evaluation.

Pearls, pitfalls, and
myths

* Remember the ABCs. Always start with
airway, followed by breathing, circulation,
and disability. Exposure is important
during the evaluation. Attention should
not be drawn to grotesque injuries, which
may result in missing life-threatening ones.
If things start to deteriorate, return to
the ABCs.

* Be suspicious of injuries based on the
mechanism of injury. Maintain a high level
of suspicion for injuries even if the patient
looks well initially. The examination of the
trauma patient should be thorough and
systematic.

* Be quick but thorough. Managing the
resuscitation of the trauma patient in the first
(golden) hour often determines the patient’s
outcome. Being idle or not attending to detail
can prove devastating.

e Work collaboratively with your trauma
consultants. Clearly established roles
for physicians involved in trauma
resuscitation result in the best care, and
benefit everyone.

* Keep all trauma patients warm. Exposure
and 1V fluids can cause hypothermia, which
may lead to coagulopathy and worsening
prognosis.
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7 Prehospital care and emergency medical services
Paul D. Biddinger, MD and Stephen H. Thomas, MD

History of emergency
medical services

Over the past four decades, prehospital care and
emergency medical services (EMS) in the US
have evolved rapidly from near nonexistence
into key links in the chain of survival for patients
with acute injury or illness. Beginning in the
mid-1960s, after a landmark report titled Acci-
dental Death and Disability: The Neglected Disease of
Modern Society detailed serious deficiencies in
out-of-hospital trauma management, state and
federal lawmakers began to enact new standards
for training, equipment, and oversight in EMS
systems. The resulting translation into the field
of formerly hospital-limited therapies for life
threats, such as the unstable airway, respiratory
failure, hemodynamic collapse, and dysrhythmias,
in addition to traumatic injuries, has resulted in
countless numbers of lives saved. With further
advances in research, technology, and education,
today’s prehospital care providers are continu-
ally becoming more sophisticated in the diagno-
sis and treatment of acute injury and illness.
Understanding the structure and capabilities of
EMS is a critical component of emergency med-
icine, as the collaboration between prehospital
and hospital-based providers determines the
quality of emergency medical care delivered to
the community.

Prehospital systems

Each municipality or rural area has several
options with regard to the administration of their
EMS. When government-run, EMS can be admin-
istered either as a stand-alone agency or under
the command of the fire department. Alterna-
tively, prehospital care can be provided by a local
hospital or private ambulance company under
contract to the city or county. In rural areas, EMS
can be provided by volunteers on call from
home. Regional coordination of EMS care, espe-
cially at the Advanced Life Support (ALS) level,
can optimize response times and maximize sys-
tem resource utilization. The ideal structure of an
emergency medical system is frequently debated,
but must vary depending on the setting. The key

factors that influence the choice of system
include population size and density, municipal
budget, and political concerns. Air medical sys-
tems are typically administered by a hospital (or
hospital consortium) or state agency to provide
care for a large geographic region.

EMS personnel and

qualifications

There are generally three broad categories of EMS
personnel: first responders, basic emergency medi-
cal technicians (EMTs) (also known as EMT-basic
or EMT-B), and paramedics (or EMT-P).

First responders are trained in basic first aid
measures such as bandaging, splinting, hemor-
rhage control, and cardiopulmonary resuscitation
(CPR). Generally, these are police, firefighters,
and other volunteers who may be the first to
arrive at an accident scene. First responders usu-
ally do not transport patients.

EMT-Bs are trained to assess signs and symp-
toms, safely extricate, immobilize, and transport
the patient, and administer certain non-invasive
therapies such as oxygen. Though not trained in
cardiac rhythm interpretation, many EMTs can
defibrillate through the use of automatic external
defibrillators (AEDs). Care by EMT-Bs is termed
basic life support (BLS). Most EMT-B courses
consist of approximately 120 to 160 hours of clin-
ical instruction and several hours of observation
in emergency departments and obstetric units.
The EMT-intermediate (EMT-I) is an extension of
the EMT-B with additional training to obtain
intravenous (IV) access, administer IV fluids,
and use airway adjuncts such as the laryngeal
mask airway (LMA) or pharyngotracheal lumen
airway (PTLA). The EMT-I generally does not
administer medications. Many systems that
employ EMT-Is are in rural areas that cannot
afford or recruit full paramedic coverage.

EMT-Ps are trained in advanced airway man-
agement, including endotracheal intubation, car-
diac rhythm interpretation and defibrillation,
and parenteral medication administration. Add-
itionally, many paramedics are trained in cricothy-
rotomy and needle chest decompression when
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state and regional protocols allow. Prehospital
care by paramedics is termed ALS. Paramedic
training programs consist of at least 500 hours
of classroom instruction as well as mandatory
supervised hospital and field internships.

With increasing regionalization of specialized
medical and surgical services, critical care trans-
port (either by air or ground) is increasingly rec-
ognized as a unique area of expertise. Many
states now allow for paramedics with specialized
additional training and supervision to function at
a level beyond standard protocols. Additional
personnel beyond the EMT-Ps are also frequently
used both in air and ground-based critical care
transport. Physicians are standard members of
the air medical crew in most non-US settings, but
in the US, non-physicians staff over 90% of most
crews. One exception to this rule in the US is
where emergency medicine residencies provide
physician coverage. Nurses staffing critical care
transport units generally have experience in both
emergency and critical care settings, with addi-
tional experience (pediatric or obstetric) depend-
ing on the characteristics of the program’s patient
population. Other crewmembers, such as neo-
natal nurse practitioners or balloon pump special-
ists, may be used depending on local preferences
and specific patient needs. At this time, consistent
national standards for critical care transport do
not exist, but at least one non-governmental
accreditation agency (the Commission on Accredit-
ation of Medical Transport Systems) has recog-
nized that the level of care, rather than the
transport vehicle, should be a prime focus for the
evaluation of critical care transport services.

EMS response
911 system

Approximately 96% of the US population cur-
rently have access to emergency care via the 911-
telephone system. Enhanced 911 systems use
computer databases to display the address of the
caller, activating the 911 system in the event the
caller is unable to speak. Although many mobile
phones cannot be precisely located, there are
emerging technologies that may help dispatchers
approximate the location of a cellular phone.
Global Positioning System (GPS) software is now
available in mobile phones so that callers may be
located if they are lost or unable to speak. Many
EMS systems train their dispatchers to follow a
careful script of questions when they are called

for help in a medical emergency. The answers to
these questions determine the priority of the call
and allow for the nearest available ambulance to
be dispatched to the patient with the highest pri-
ority complaint.

Arrival on scene

The first priority of rescuers in any emergency is
to ensure scene safety. Rescuers have a duty to
themselves and the people they have been sent to
assist. They should be able to care for and trans-
port patients and not become patients them-
selves. Violent crimes often occur in scenes that
remain unsafe after the initial injury. Despite the
usual temptation to aid the victim as soon as pos-
sible, rescuers must not enter a violent crime
scene until the police or detectives have first
secured it. Rescuers are also at risk on the scene of
motor vehicle collisions. When approaching an
accident, the rescuers must survey the scene for
potential hazards such as passing traffic, haz-
ardous materials, or electrical wires. In accidents
involving hazardous materials, rescuers must
position themselves at a safe distance uphill and
upwind, and the materials should be identified
before personnel enter the scene. Specialized
teams may need to be activated before the patient
may be reached. In all cases, victims and EMS
providers must be adequately decontaminated
before arrival at the hospital to avoid further
spread of toxins to other patients and health care
providers. Certain other circumstances require
mobilization of additional resources before the
patient may be safely reached. These include water
rescue, trench and confined space rescue, and
high-angle (high-elevation) rescue. These situa-
tions may be beyond the training of local authori-
ties, and additional personnel and resources may
need to be summoned from larger community
units in the state or surrounding area.

Extrication

Extrication is the technique of safely removing
the patient from his or her environment and
reaching the transport vehicle. This may be espe-
cially difficult with tight spaces, obese patients,
rough terrain, and trauma. Extrication in trauma
may involve displacing debris that entraps the
patient. Since significant force using hydraulic or
air pressure often must be employed to manipu-
late the debris, carefully trained rescuers are crit-
ical to minimize the risk of further injury to the
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patient either from the debris or from unneces-
sary movement. While certain therapies such as
oxygen administration, IV therapy, parenteral
analgesia, needle decompression of the thorax,
and occasionally definitive airway management
may be started before the patient is free of the
entrapment, delay in transport to a hospital while
extrication occurs is generally associated with
worse outcome. Prolonged extrication time (more
than 20 minutes) is considered a marker for poten-
tially severe injury, and warrants triage directly
to a trauma center when possible.

Clinical capabilities
of EMS

Airway management

There are multiple devices designed to assist in the
prehospital management of the patient’s airway
and breathing. Rescuers at all levels are trained
in the use of the bag-valve-mask (BVM) device
and both the nasopharyngeal airway (NPA) and
oropharyngeal airway (OPA). The NPA and OPA
are curved pieces of plastic that are inserted
blindly, provided there are no contraindications.
They are used chiefly to maintain airway patency.

Rescuers either not trained in endotracheal
intubation or unable to achieve tracheal intuba-
tion with direct laryngoscopy may use the PTLA
(Figure 7.1) or Combitube (Figure 7.2) for a patient

Inflation valve and
adaptor — both cuffs
inflated simultaneously

Distal end of short tube

Figure 7.1

with airway compromise. The PTLA and Com-
bitube are similar devices (with multiple tubes
bound together) designed for blind insertion into
the patient’s airway. Their success depends on
the operator being able to correctly identify
which of the blindly-inserted tubes ends up in
the esophagus, and which tube can adequately
ventilate the trachea. The LMA (Figure 7.3) was
first introduced in the operative setting in the
late 1980s as an alternative to endotracheal intub-
ation for selected patients, but has increasingly
been used as an alternative when endotracheal
intubation cannot be achieved. The device con-
sists of an inflatable V-shaped diaphragm at the
end of a large-bore tube that is placed blindly
into the larynx. It is relatively easy to use and
minimizes the risk of gastric insufflation during
assisted ventilation. It does not, however, protect
the trachea from aspiration of blood or vomitus.

Endotracheal intubation (ETI) remains the
gold standard for airway protection, though this
technique is most dependent on operator skill and
patient factors. Many factors common in prehos-
pital care can make oral ETI difficult or impos-
sible: operator’s inexperience, inadequate patient
sedation or relaxation, blood or vomitus in the
airway, and anatomic variables such as an anterior
larynx or expanding neck hematoma. Outside of
investigational protocols, oral ETI is attempted
in the prehospital setting only by rescuers with
paramedic training or above. Blind nasotracheal
intubation (BNTI) may be attempted for patients

Inflation line to proximal cuff

Teeth strap

Proximal cuff

Pharyngotracheal lumen airway (PTLA). Reproduced from D. Skinner et al, Cambridge Textbook of
Accident and Emergency Medicine, Cambridge, Cambridge University Press, 1997.
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who still have spontaneous respiratory effort but
need definitive airway control. This technique is
of greatest use when orotracheal intubation is
either not possible or very unlikely to succeed due
to anatomic or traumatic reasons. The BNTI tech-
nique, uncommonly utilized at receiving trauma
centers, is employed more frequently in the pre-
hospital setting when neuromuscular blockade is
not available, and jaw clenching prevents oral intu-
bation. BNTI is contraindicated in patients with
significant facial trauma. While neuromuscular-
blocking agents (paralytics) are an integral com-
ponent of rapid sequence intubation (RSI) in
the hospital, historical concerns exist about their

Figure 7.2

use by prehospital personnel. These providers
may only infrequently intubate and, if unable to
intubate or ventilate a previously spontaneously-
breathing patient, have severely limited access to
rescue techniques. Many helicopter transport ser-
vices have reported high rates of successful intub-
ations (>96%) using paralytics, but in general
they employ a very select and experienced group
of practitioners. Some ground transport services
have also reported high success rates (>94%)
using paralytics, but most frequently this is in
high-volume urban areas under very close medical
direction. At the current time, the use of paralytics
(and concomitant induction agents) to facilitate

The Combitube. Reproduced from D. Skinner et al, Cambridge Textbook of Accident and Emergency Medicine,

Cambridge, Cambridge University Press, 1997.

Figure 7.3

Laryngeal Mask Airway. (a) LMA in place with cuff overlying larynx. (b) LMA placement into the pharynx. (c) LMA
placement using the index finger as a guide. Reprinted from Clinical Procedures in Emergency Medicine, 4th ed.,
Eds Roberts JR, Hedges J, page 62, Copyright 2003, with permission from Elsevier.
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intubation should only be allowed in systems
with highly-trained and experienced providers
operating under tight medical control; sufficient
backup and rescue techniques must be available
in the event of failed ETI.

Approximately 70% of US ground paramedics
and all air medical paramedics are allowed to
perform some form of surgical airway access if
needed. Skills range from needle cricothyrotomy
with jet ventilation, to the use of percutaneous
kits that employ the Seldinger technique (such as
the Melker kit), to open cricothyrotomy. The need
for cricothyrotomy in the field is fortunately
infrequent. Surprisingly, given the lack of experi-
ence, reported success rates in the field are high
(82-100%). All systems employing the use of par-
alytics must equip and train their providers to
perform a surgical airway in the event of failed
intubation and ventilation.

Intravenous access and fluid administration

Paramedics and EMT-Is should attempt IV access
on all unstable or potentially unstable patients in
the field. Many life-saving medications are most
effective, or only available, when administered IV.
Furthermore, IV crystalloid infusion remains the
cornerstone of management of hypotension in the
field. When possible, every trauma patient should
have two large-bore (e.g., 14- or 1l6-gauge) IV
catheters placed in the field. However, attempts at
cannulation have been reported to add as much
as 12 minutes to on-scene times. Rescuers must not
delay transport when adequate access has not
been obtained. For most patients, the appropriate
rule of thumb is two attempts per provider, ideally
during transport of the patient. In 1994, a prom-
inent Houston study reported that aggressive pre-
hospital fluid resuscitation of hypotensive victims
of penetrating trauma did not improve survival
and actually increased total blood loss when com-
pared with delayed resuscitation in the hospital.
The results of this study and its applicability
to other settings are still debated. However, this
remains an area of ongoing research interest, so
prehospital providers and physicians developing
EMS protocols should be cognizant of the need to
avoid over-resuscitation (with concomitant risk of
increased hemorrhage) and under-resuscitation
(with attendant risk of hypoperfusion). Transport
time and time to definitive control of suspected
hemorrhage are important factors to consider
when choosing to begin prehospital fluid resusci-
tation. Not all parameters will consistently be
improved by fluid administration (e.g., altered

mental status in the head-injured patient), and
providers must exercise judgment as to the ade-
quacy and appropriateness of their resuscitation.

Cardiac monitoring and defibrillation

Early defibrillation is critically important for
patients with non-perfusing ventricular tachycar-
dia or ventricular fibrillation, since survival for
these patients decreases by 10% per minute. With
the advent of AEDs, most first responders and
EMT-Bs who arrive on scene before paramedics
can now defibrillate pulseless patients in ventricu-
lar fibrillation or ventricular tachycardia. How-
ever, rhythm interpretation and the decision to
cardiovert borderline perfusing rhythms remain
solely within the scope of ALS. Many paramedics
are now trained to perform and interpret 12-lead
electrocardiograms (ECG); some have the capabil-
ity of radio transmission of the ECG to the hospital.
Multiple studies have demonstrated that well-
trained paramedics have excellent accuracy for
both rhythm recognition and detection of ST-
segment elevation in acute coronary syndromes.
Such skills are critical for proper application of
the American Heart Association’s Advanced
Cardiovascular Life Support (ACLS) guidelines.

Medication administration

Although certain states allow EMT-Bs to admin-
ister one or two selected life-saving medications
such as glucose, epinephrine, or albuterol, most
BLS providers cannot administer medications. In
general, only paramedics may administer medica-
tions. Paramedics are equipped with medicines
to treat pain, selected overdoses, hypoglycemia,
bronchospasm, allergic reactions, hypotension and
cardiac ischemia, and follow all ACLS protocols.
Certain ALS systems may carry paralytic agents
to facilitate intubation at the discretion of the state
and local medical directors. Field medication use,
especially with controlled substances and with
potentially pro-arrhythmic agents, must be tightly
monitored and subject to regular quality assurance
by the medical director.

Needle decompression

Most paramedics are permitted to perform chest
decompression in the patient with suspected ten-
sion pneumothorax. Signs suggestive of tension
pneumothorax include tachypnea, hypoxia, uni-
lateral decreased or hyper-resonant breath sounds,
jugular venous distention, and deviation of the
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trachea away from the affected side. Needle
decompression is indicated for a patient in severe
distress with the above signs or in cardiac arrest
following trauma.

Immobilization

All EMS personnel are trained in the proper tech-
nique for spinal immobilization of patients
(Figure 7.4). An appropriately-sized, rigid cer-
vical collar should be placed on every victim of
trauma with potential for spinal injury, including

Figure 7.4
Spinal immobilization. Courtesy: S.V. Mahadevan, MD.

patients with pain, tenderness, or a suspicious
mechanism of injury. However, since the cervical
collar alone does not provide adequate immobil-
ization for transport, patients should also be sta-
bilized with a rigid backboard and some form of
lateral stabilization (such as foam blocks) secured
with straps or tape. Special steps, such as the use
of a towel roll under the shoulders, may need to
be taken to maximize head position (i.e., prevent
flexion) in pediatric patients. Pregnant patients
should have the right side of the backboard ele-
vated 30° to keep the uterus off the inferior vena
cava. This is done to avoid hypotension and fetal
hypoperfusion. Patients with gunshot wounds to
the neck, thorax, or abdomen not meeting the crite-
ria above are not at increased risk for occult spinal
injury and therefore do not need full immobiliza-
tion on a backboard. Placement of a patient on a
backboard is not innocuous; studies have shown
that pressure-mediated skin damage can begin to
develop after as little as 30 minutes on a backboard.

The Kendrick extrication device (KED) is made
up of a series of parallel splints longitudinally
bound together in a vest-like device that provides

assistance with spinal stabilization during the
extrication of a trauma patient from an enclosed
space, such as a motor vehicle. It does not provide
full spinal immobilization, and therefore cannot
be used in lieu of a backboard for adults. Due to
its wrap-around nature, however, it may be use-
ful for pediatric patients who cannot or will not
lie still on a standard backboard.

Patients with unstable vital signs should have
only the injured extremities immobilized which
have the potential to cause further hemorrhage if
moved (i.e., pelvis and long bones, especially
suspected femur fractures). Angulated extremity
fractures should be carefully evaluated for distal
neurovascular status. Currently, most prehospital
jurisdictions call for traction splinting of suspected
femur fractures, but this is subject to debate. These
devices require time for application, are of debat-
able benefit in the field, and have contraindications
(e.g., pelvic fracture) which may be unapparent.
Any patient with an angulated fracture of any
extremity with absent distal pulses should have
in-line traction applied and be splinted. All other
suspected fractures should be immobilized in the
position of greatest comfort for transport.

Pneumatic anti-shock garment/military
anti-shock trousers

Developed during the Vietnam War to treat sol-
diers exsanguinating in the field, the pneumatic
anti-shock garment (PASG) was a mainstay of
prehospital trauma care for nearly 20 years until its
use was called into question by two outcome stud-
ies in the 1990s. Formerly known as the military
anti-shock trousers (MAST), this device consists
of a set of nylon pants with separately inflatable
leg and abdominal sections that attach to a manual
pump with a pressure gauge. Currently, the litera-
ture does not support the use of the PASG in pen-
etrating trauma. There is some reason to believe
that the PASG may be a useful immobilization
device for pelvic fractures and /or femur fractures.
Use in blunt trauma patients with severe hypoten-
sion is still debated, but it is used in some regions
for this indication. The PASG is contraindicated in
patients who are pregnant or who have pul-
monary edema, evisceration of abdominal organs,
cardiac tamponade, or cardiogenic shock.

Wound care

All EMS providers are trained to control external
hemorrhage with direct pressure and elevation
of the injury above the heart. Bandages that
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become soaked with blood are not removed, but
rather reinforced with further gauze. Tourniquets
are only placed in cases of life-threatening limb
hemorrhage that cannot be controlled with con-
tinuous direct pressure, elevation, and banda-
ging. If tourniquets are applied in the field, they
should not be removed by EMS providers.

Pediatrics

Although EMS personnel at all levels are trained
to evaluate, treat, and transport pediatric patients,
many prehospital providers are uncomfortable
when caring for acutely ill children. Such patients
are relatively rare, and most cases evoke much
more than the usual stress for those involved. In
general, the most significant differences between
acutely ill adult and pediatric patients are:

1. vital sign abnormalities indicating significant
injury or illness may be delayed compared
with adult patients;

2. the age-specific nature of normal pediatric
vital signs may lead practitioners to
misinterpret absolute vital signs;

3. procedures, including IV access and
intubation, are technically more challenging
in children; and

4. children may be unable to give adequate
histories or cooperate with procedures such
as immobilization, and may require
additional restraint for safe transport.

Recent data demonstrate that well-trained para-
medics can deliver high-quality care to both adult
and pediatric patients in nearly all arenas, but
such care requires intensive education and regu-
lar review of skills. One very important exception
to this rule is that pediatric patients should rarely
be intubated in the field, even in cases of respira-
tory failure. Published data show that, in contrast
with adults, morbidity and mortality are increased
when prehospital care providers attempt to intub-
ate apneic or hypoventilating pediatric patients.
In general, prehospital pediatric intubation should
only be attempted when effective BVM ventila-
tion cannot be achieved.

Mass casualty
incidents/disaster

A mass casualty incident (MCI) is any event that
produces multiple casualties (injuries or illness).
A disaster is any event that overwhelms the capa-
bilities of the local emergency response system

and facilities. Although the two concepts are dif-
ferent, the principles of triage and care often
overlap. Rescuers must be able to perform a brief
(less than 60 seconds) evaluation of each patient
in an MCI, focusing on ventilation, perfusion, and
mental status, and triage each patient according
to severity of injury. In large mass casualty inci-
dents, a color-coded tag is attached to each victim
to aid in efficient triage and transport. A sample
medical emergency triage tag (METTAG) system
is shown in Figure 7.5 and Table 7.1.

Incident command

Incident command is the system used for overall
management of the disaster event, and is gener-
ally the responsibility of the ranking fire service
officer on scene. EMS officials and occasionally an
on-site physician experienced in disaster manage-
ment are responsible for coordinating the medical
activities and care with the incident commander.

Community-wide disaster systems

Planning and preparation prior to a disaster
and/ or MCl is critical for a successful response.
Preparation should include plans for field
response, hazardous materials, staging and trans-
portation, documentation of available local hos-
pital resources, communication plans and backup
systems, documentation, and debriefing and
counseling after the events and recovery. Regular
practice and drills are vital to train rescuers and
test the system.

Medical direction

All care delivered by EMS personnel is provided
under protocols and authority given to them by a
physician medical director. The responsibility a
physician assumes for the care delivered in an
EMS system is called medical direction or med-
ical control. Most of the real-time medical care
delivered by prehospital providers is done
following prewritten standing orders (“off-line”
medical control). This does not require direct
communication with a physician during the
patient encounter. In these cases, patient care
is reviewed retrospectively through standard
processes, known as continuous quality improve-
ment (CQI). This “off-line” component of educa-
tion, training, and continuing care review is the
largest and the most important part of medical
direction in EMS. In certain instances, however,
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Figure 7.5
METTAG: Medical Emergency Field Triage Tag.

Table 7.1 Medical emergency triage tag system of field triage in a mass casuality incident

A suggested approach to treatment prioritization of victims is that found in the medical emergency triage tag system.
The treatment priorities are defined as:

Zero priority (black): Deceased or live patients with obvious fatal and non-resuscitatable injuries.

First priority (red): Severely injured patients requiring immediate care and transport (e.g., respiratory
distress, thoracoabdominal injury, severe head or maxillofacial injuries, shock or
severe bleeding, severe burns).

Second priority (yellow): Patients with injuries that are determined not to be immediately life-threatening (e.g.,
abdominal injury without shock, thoracic injury without respiratory compromise,
major fractures without shock, head injury/cervical spine injury, and minor burns).

Third priority (green): Patients with minor injuries that do not require immediate stabilization (e.g., soft
tissue injuries, extremity fractures and dislocations, maxillofacial injuries without
airway compromise, and psychological emergencies).
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such as the administration of IV opiates in some
jurisdictions, paramedics must contact a physician
directly by radio or phone for “on-line” medical
control. In those cases, the orders given by the
physician must still conform to the state proto-
cols and not exceed the paramedic’s scope of prac-
tice. Rescuers may also use the on-line system to
obtain a “field-consultation” from a physician
when necessary, as in cases of a patient’s refusal
of transport or for other questions.

Patient transport
Vehicles

Standard ambulances come in various types,
characterized by different vehicle designs. Type I
ambulances are conventional box-type vehicles
which lack a passageway between the driver and
patient care compartments. Type II vehicles are
van-type trucks. Type III vehicles are larger units
with a forward cab and a walk-through passage-
way to the patient care area. Some units may
require special equipment in order to provide
electrical power to medical devices.

Many types of helicopters are used for patient
transport. Depending on the resources and needs
of a particular region, helicopters of particular
sizes, speeds, costs, and physical characteristics
may be chosen. Most helicopters in use in the US
are twin-engine models, which have improved
safety margins due to the redundancy afforded
by the extra engine. Helicopter transports usu-
ally involve one patient only. For less acute
patients, two-patient transports can be performed
(if the helicopter allows). There is great variation
between helicopter models with respect to size
and speed; slower aircraft travel at little over
100-110 meters per hour, whereas other helicop-
ters cruise nearly twice as fast.

Fixed-wing aircraft (airplanes) vary just as
helicopters do, with a myriad of propeller- and
jet-powered vehicles in use. In general, jet air-
craft provide a smoother ride, faster speed, and
are more likely to be able to pressurize to sea level,
especially when flying at higher altitudes. Due to
the relative isolation of patient care in a fixed-
wing aircraft, patients should be reasonably sta-
ble before fixed-wing transport is undertaken.

Emergency warning devices

While the use of warning lights and siren (L&S)
is standard among emergency vehicles, it is not

without risk and controversy. Each year, rescuers,
patients, and bystanders are injured or killed in
collisions during the use of L&S. In general,
when operating with L&S, rescuers must exer-
cise “due regard” for other vehicles; in all cases,
the use of L&S must be based upon standardized
protocols that account for the severity of the
complaint or the acuity of illness.

Patient transfer

It is not uncommon for IV catheters or endotra-
cheal tubes (ETTs) to become dislodged during
patient transport. Every possible precaution
should be taken to secure medical access devices
following their placement, and transfer patients
slowly and deliberately. Optimally, one prehos-
pital provider should have as his or her sole
responsibility the assurance of maintaining ETT
position during patient transfers. Additionally,
re-confirmation of ETT position is warranted
each time an intubated patient is moved from
one surface to another.

Communication

Communication between prehospital providers
and hospital personnel most commonly occurs
via simplex (one-way) radio systems using either
ultra high frequency (UHF) or very high fre-
quency (VHF). Advancing technology is increas-
ingly allowing EMS providers to receive dispatch
and scene information by computer and converse
with dispatch or hospital personnel in a duplex
(two-way) fashion, either with paired radio fre-
quencies or cellular phones. Whenever possible,
prehospital personnel should have backup sys-
tems to their primary means of communication.

Destination criteria

Severely injured victims of trauma should be
transported directly to a designated Level I or II
trauma center, bypassing smaller hospitals when
transport times are not excessive. One study
revealed that patients who must be transferred
secondarily from a local hospital to a trauma cen-
ter had a 30% increased risk of mortality com-
pared with those who were transported directly
to the trauma center from the scene. Furthermore,
for similarly injured patients, the risk of dying in
a Level I trauma center was 54% lower than in
Level II centers and 75% lower than in hospitals
that are not trauma centers. Rescuers should fol-
low state protocols regarding indications for
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transport directly to a trauma center, but most
protocols are similar to the American College of
Surgeon’s Field Triage Algorithm (Table 7.2). The
patient in cardiac arrest should be transported
directly to the nearest available emergency depart-
ment, even in cases of trauma. Victims of trauma
who arrest in the field have a dismal prognosis
but warrant the immediate application of hospi-
tal resources to treat potentially reversible causes
of death.

As with victims of major trauma, significantly
burned patients meeting appropriate triage cri-
teria should be transported directly to a desig-
nated burn center when feasible (Table 7.3).

Currently, nationally-recognized point-of-
entry (POE) criteria, which allow EMS personnel
to bypass a nearby hospital for one farther away
with specialty services, only exist for the trans-
port of patients with severe trauma or burns.
Expanded POE criteria are being instituted in sev-
eral communities for selected disease processes,
such as ST-elevation myocardial infarction (MI) or
acute stroke, but are not yet the standard of care.

Special considerations in
air transport

The decision of when a helicopter should respond
to the scene of injury or illness remains an inexact
science. The best sources acknowledge that the
judgment of the prehospital personnel at the
scene is of primary importance, but the decision
to use helicopter transport can be bolstered by
criteria listed below and in Table 7.4:

. Mechanism of injury
. Physiologic variables
. Anatomic variables

. Time and logistics.

W N =

Space constraints are the major issue in provid-
ing care in any aircraft. Both the actual space (cubic
feet) and the arrangement of the space (cabin
configuration) can have profound effects on the
ability of the air medical crew to perform inter-
ventions such as intubation. This translates into
the need for the air medical crew to sometimes
adjust the care provided accordingly. One exam-
ple would be intubating patients prior to flight if
there is a significant chance of airway deteriora-
tion while en route. Crewmembers should be
cross-trained to allow either crewmember to pro-
vide indicated medical interventions during
flight. Some interventions, such as provision of

chest compressions, are extremely difficult to pro-
vide effectively in the air medical setting.

Noise is of a sufficient degree to preclude reli-
able auscultation and monitoring of aural alarms
(e.g., on a ventilator). The flight crew must learn
to use other means of patient assessment and
equipment monitoring.

Vibration is a theoretical problem for the patient,
and high-frequency vibrations have been shown
to induce fatigue in caregivers. In general, how-
ever, the ride in a helicopter or fixed-wing air-
craft can often be much smoother than aride in a
ground ambulance.

Lighting in an aircraft, and to a lesser extent in
a ground ambulance, differs from that which is
normally available in a well-lit hospital resusci-
tation area. Some helicopters, for instance, have
patient care cabins which are contiguous with
(and not separated from) the pilot seat; in such
situations the medical crew must work in red,
blue, and/or dimmed lighting at night.

Altitude issues relate to hypoxemia, pressure—
volume changes, temperature, and humidity.
Altitude-related hypoxemia is not usually an
issue due to the fact that patients receive oxygen
therapy and the altitude is usually not sufficiently
high for the crew to require supplemental oxy-
gen. Exceptions to this general rule occur, how-
ever, with both patients (e.g., premature neonates
with narrow therapeutic windows for oxygen
administration) and crew (e.g., crew in programs
based at higher altitudes, who wear oxygen
masks for prevention of hypoxemic symptoms).
Boyle’s law describes the inverse relationship
between ambient pressure and gas volume. This
is a factor with respect to both equipment (e.g.,
ventilator, intra-aortic balloon pump, Minnesota
tubes for upper gastrointestinal hemorrhage tam-
ponade) and patients (e.g., need for pre-flight
placement of a gastric tube to prevent vomiting in
unconscious patients). High altitude is associated
with decreased ambient temperature. Especially
in colder climates where the patient may be
hypothermic before being loaded onto the air-
craft, and in aircraft with suboptimal heating
systems, hypothermia is a risk of helicopter trans-
port. Higher altitude and lower temperature are
associated with decreased humidity. This can
result in hardening of secretions, such as in the
ETT, which the air medical crew should monitor
(and suction) as indicated. Helicopters generally
transport patients at altitudes of 500-2000 feet
above ground level. Therefore, unless transports
occur at geographic locations where ground level
is significantly elevated, altitude issues are of
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Table 7.2 American College of Surgeons’ (ACS) Field Triage Algorithm

FLOWCHART 1

TRIAGE DECISION SCHEME

Measure Vital Signs and Level of Consciousness

STEP 1 .
e GCS < 14o0r e Systolic BP < 90 or
* RR <10 or> 29 or e RTS <11or ¢ PTS<9
¢Yes v No

Take to trauma center;
alert trauma team

STEP 2

Assess anatomy of injury

4
* Flail chest e Limb paralysis
e Two or more proximal long-bone fractures  Pelvic fractures
e Amputation proximal to wrist/ankle ¢ Combination trauma with
* All penetrating trauma to head, neck, torso, burns
and extremities proximal to elbow and knee

v Yes

Take to trauma center;
alert trauma team

STEP 3

v No

Evaluate for mechanism
of injury and evidence of
high-energy impact

v

e Ejection from auto

¢ Death in same passenger compartment

¢ Pedestrian thrown or run over

¢ High-speed auto crash
e Initial speed >40 mph (64 kph)
* Major auto deformity >20 inches (50 cm)
e Intrusion into passenger compartment

>12 inches (30 cm)

Falls >20 ft (6 m)

Roll over

Auto-pedestrian injury with
>5 mph (8 kph) impact
Motorcycle crash >20 mph

(32 kph) or with separation of

rider and bike

Extrication time >20 minutes

ers

Contact medical control; consider
transport to trauma center; consider
trauma team alert

STEP 4

No

Age <5 or >55 years

Pregnancy

Immunosuppressed patients
Cardiac disease; respiratory disease

Insulin-dependent diabetes; cirrhosis; morbid obesity; coagulopathy

ers

w No

Contact medical control; consider
transport to trauma center; consider
trauma team alert

Reevaluate with medical control

When in Doubt, Take to a Trauma Center!

BP: blood pressure; GCS: glasgow coma scale; PTS: pediatric trauma score; RR: respiratory rate; RTS: revised

trauma score.
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Table 7.3 Criteria for transport directly to a designated burn center

NOOAOALWN =

. Partial thickness burns >10% (total body surface area)

. Burns that involve the face, hands, feet, genitalia, perineum, or major joints

. Third-degree burns in any age group

. Electrical burns, including lightning injury

. Chemical burns

. Inhalation injury

. Burn injury in patients with pre-existing medical disorders that could complicate management, prolong recovery,

or affect mortality. Burns in any patients with concomitant trauma (such as fractures) in which the burn injury
poses the greatest risk of morbidity or mortality. In such cases, if the trauma poses a greater immediate risk than
the burns, it may be necessary to stabilize the patient in a trauma center before being transferred to a burn unit.
Physician judgment is necessary in such situations and should be in concert with the regional medical control
plan and triage protocols

. Burns in children being cared for in hospitals without qualified personnel or equipment for the care of children
. Burn injury in patients who will require special social, emotional, or long-term rehabilitative intervention

Table 7.4 National Association of Emergency Medical Service Physicians guidelines for dispatching a
helicopter to an emergency scene

Clinical

1.

General
(a) Trauma victims need to delivered as soon as possible to a regional trauma center
(b) Stable patients who are accessible to ground vehicles probably are best transported by ground

. Specific

Patients with critical injuries resulting in unstable vital signs require the fastest and most direct route of transport

to a regional trauma center in a vehicle staffed with a team capable of offering critical care enroute. Often this is

the case in the following situations:

(a) Trauma score <12

(b) Glasgow coma scale score <10

(c) Penetrating trauma to the abdomen, pelvis, chest, neck, or head

(d) Spinal cord or spinal column injury, or any injury producing paralysis of any extremity if any lateralizing
signs

(e) Partial of total amputation of an extremity (excluding digits)

(f) Two of more long bone fractures or a major pelvic fracture

(g) Crushing injuries to the abdomen, chest, or head

(h) Major burns of the body surface area, or burns involving the face, hands, feet or perineum, or burns with
significant respiratory involvement or major electrical or chemical burns

(i) Patients involved in a serious traumatic event who are <12 or >55 years of age

(j) Patients with near-drowning injuries, with or without existing hypothermia

(k) Adult trauma patients with any of the following vital sign abnormalities:

(i) systolic blood pressure <90 mmHg

(i) respiratory rate <10 or >35/minute

(iii) heart rate <60 or >120/minute

(iv) unresponsive to verbal stimuli

Operational situations in which helicopter use should be considered:

1.

Mechanism of injury:

(a) Venhicle roll-over with unbelted passengers

(b) Vehicle striking pedestrian at >10 miles per hour
(c) Falls from >15 feet

(d) Motorcycle victim ejected at >20 miles per hour
(e) Multiple victims

. Difficult access situations:

(a) Wilderness rescue
(b) Ambulance egress or access impeded at the scene by road conditions, weather, or traffic

. Time/distance factors:

(a) Transportation time to the trauma center >15 minutes by ground ambulance

(b) Transport time to local hospital by ground greater than transport time to trauma center by helicopter
(c) Patient extrication time >20 minutes

(d) Utilization of local ground ambulance leaves local community without ground ambulance coverage
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relatively minor concern for the majority of heli-
copter transports. On the other hand, fixed-wing
transports occur at much higher altitudes, which
brings into play issues of cabin pressurization and
risks of sudden decompression.

Safety is the paramount consideration for any
air transport service. At any time, in any mission,
the pilot or medical crew should be empowered to
halt the transport if safety considerations become
a concern. Direct comparison between air and
ground vehicle safety is difficult, since crashes
involving medical helicopters (or less commonly,
fixed-wing aircraft) are more reliably tracked and
more widely publicized than crashes of ground
vehicles. Sometimes, considerable judgment must
be exercised in determining whether to perform a
critical procedure (e.g., intubation) before or after
transport commences. Except in cases where a
fixed-wing aircraft is used solely because critical
patients cannot be evacuated by air (e.g., fog pre-
cludes helicopter operations but a fixed-wing air-
craft can safely operate in a remote area), patients
transported by airplane typically have lesser acu-
ity and greater stability than those transported by
ground.
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8 Pain management

Eustacia (Jo) Su, MD

Scope of the problem

Acute pain is the most common complaint of
patients presenting to the emergency department
(ED), comprising 60% of presenting complaints
in one study. Recognition and acknowledgment
of a patient’s pain, adequate treatment, and timely
reassessment are essential to acute pain manage-
ment in the ED. Unfortunately, it has been demon-
strated that many physicians fail to treat pain
promptly or adequately in both inpatient and
outpatient settings.

Pain

Pain is whatever the experiencing person says it
is, existing whenever he or she says it does. The
International Association for the Study of Pain
defines pain as “an unpleasant sensory and
emotional experience associated with actual or
potential tissue damage, or described in terms of
such damage,” “always subjective,” and “learned
through experiences related to injury in early
life.” Pain includes behavioral and physical indi-
cators, in addition to self-report. Thus, preverbal,
nonverbal, or cognitively-impaired individuals
who experience pain can benefit from objective
pain assessment. Fear and anxiety increase the
perception of physical pain — the unfamiliar and
frequently unfriendly ED environment does little
to ameliorate a patient’s pain.

Acute pain is a symptom of injury or illness,
which serves the biologic purpose of warning an
individual of a problem and limiting activities
that might exacerbate it. Acute pain is usually
associated with identifiable pathology and causes
anxiety. By convention, it is present for less than
6 months.

Chronic, malignant pain is associated with
a terminal disease, such as cancer or acquired
immune deficiency syndrome (AIDS). These
patients are usually under the care of a multidis-
ciplinary team that directs their analgesia regimen
and comfort care.

Chronic, nonmalignant pain is a complex prob-
lem, defined as pain being present for greater than
6 months. In general, it is not associated with a
readily treatable, or sometimes even identifiable,

cause. It is generally associated with depression
rather than anxiety. Patients may have a well-
defined cause (e.g., tic douloureux) or no object-
ively confirmed cause (e.g., reflex sympathetic
dystrophy). These patients frequently arouse ani-
mosity amongst ED staff because they can be quite
demanding, and at times manipulative. The staff
often senses that acute interventions will generally
fail to help these patients for any length of time.
There are patients who feign pain to acquire
opioids, either for their own use or to sell on the
streets. These individuals may be difficult to dis-
tinguish from the group previously defined.

Analgesia

Analgesia is the “loss of sensitivity to pain.” In
the ED, this means the reduction of pain through
therapy. The therapy is not solely pharmacologic
in nature — psychologic and social support, as
well as physical positioning for maximum com-
fort help reduce perceived pain. These interven-
tions reassure the patient that the provider is
aware of his or her pain and is making attempts
to relieve it. Child life therapists, when available,
provide psychologic support to children as well
as distraction from painful procedures, such as
starting an intravenous (IV) line.

Oligoanalgesia

Inadequately or poorly treated acute pain may
result in negative physiologic outcomes. Poorly
treated acute pain may exacerbate the under-
lying pathophysiology of many illnesses and
injuries, and may result in the development of
chronic pain.

The failure of physicians to treat pain has been
documented in the ED as well as in the inpatient
setting. Children receive fewer doses of analgesia,
in general, and opiates, in particular, than adults
with equivalent diagnoses or undergoing equally
painful procedures.

Wilson and Pendleton reported in 1989 that in
one academic ED, 56% of patients presenting with
painful conditions received no analgesics. Further-
more, only 14% received any analgesia within
the first hour of their ED stay. In this study,
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meperidine was the medication used most com-
monly. Findings included inadequate doses 55%
of the time, and 60% of agents were given by intra-
muscular (IM) injection, despite the known dis-
advantages of this route of administration. In this
study, only 31% of patients with an acute myocar-
dial infarction and persistent chest pain received
IV opioids. Lewis and Sasater studied eight EDs
and found that only 30% of patients with acute
fractures received opioids while in the ED.

Assessment and
measurement of pain
Goals and challenges

It is imperative for physicians to detect and meas-
ure pain rapidly so that they can institute prompt
treatment and assess its effect. Even though a
patient may not appear to be in pain, he or she may
actually be in severe pain. Careful listening, obser-
vation, and repeated solicitation may be necessary
to fully elicit an admission of pain. Assessment
must be both qualitative (is pain present?) and
quantitative (how much does it hurt?). “Has the
pain improved following treatment?” is an import-
ant reassessment question. Early reassessment
must follow the initial treatment to ensure its
adequacy and that repeated medication doses are
given promptly to prevent pain recurrence.

There are no reliable objective or physiologic
signs of pain. Normal vital signs may persist
despite severe pain. Medication, a personal or
cultural tendency to stoicism, or adaptive mech-
anisms, such as joking, may mask the presentation

Table 8.1 Self-report assessments for pain

Adjectival None  Mild Moderate
Numerical 0 5

Visual analog scale None

(VAS) (10cm baseline)

Hurt thermometer White Blue
Pictorial (faces) Ei@/ ® ®
Pieces of Hurt 0 1 2

(poker chips)

Thumb-to-index
finger distance

of pain. Language and cultural barriers also inter-
fere with the patient’s ability to communicate his
or her pain to the physician and health care team.
Preverbal children, especially toddlers, may only
be able to express an “owie.” Neonates and young
infants cannot verbalize at all; interpreting their
cries requires time, experience, and motivation to
understand and treat their pain.

Self-report assessment

The most reliable approach to assessing pain
severity is patient self-report. Self-report tools are
the mainstay of pain management research, but
require that patients have cognitive and commu-
nication skills. The ideal self-report tool should be
easy to use and applicable across language, cul-
tural, age, and gender differences. It should also
be valid and reliable between observers. Table 8.1
describes several commonly used tools for pain
assessment in the ED.

Most of the tools are numerical. The Adjectival
Rating Scale features six phrases describing pain
intensity in ascending order. These are arrayed
on a 10-cm baseline. They offer the same infor-
mation as the numerical tools but with the num-
bers removed, an advantage for those patients
who cannot describe their pain numerically.

The Numerical Rating Scale is the most com-
monly used pain scale. It involves asking the
patient to rate his or her pain on a scale from 0 to
10. In this scale, 0 is equivalent to no pain, 1 is
equivalent to barely perceptible pain, and 10
represents the greatest pain that the patient has
ever experienced or could imagine. Even adults
who are native speakers of the same language as

Severe Very Worst Comments
severe possible
10 Routine bedside
evaluation
Worst When hard copy
imaginable needed
Red Bedside
@ =] >6 years old
3 4 >3 years old

Some toddlers
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the care providers have difficulty with this con-
cept. Adults conversing in their second or non-
native language may not be able to understand
this scale or be able to express their pain ade-
quately. Most children do not understand this at
all: “big hurt,” as opposed to “little hurt” may be
the most that they can manage verbally.

The Visual Analog Scale (VAS) is the most
widely used scale for clinical research. This is a
100 mm scale that has “no pain” on the left end and
“maximum possible pain” on the right. Patients
indicate a point on the scale to correspond to their
level of pain. Visual, manual, and some conceptual
skills are required for patients to be able to do
this. Patients seem able to reliably indicate a point
to describe the level of their pain, and to shift this
point in an expected direction after therapy. The
major limitation of the VAS is that the distance that
constitutes a significant clinical change has not
been validated. Most studies indicate that a change
of 13mm constitutes a statistically significant
change, but this does not necessarily correlate with
clinical significance.

The Faces scale (Figure 8.1) seems to work
well for younger school-age children. The scale is
self-explanatory and has strong agreement among
children about the severity of pain reflected in
the faces. The scale has also demonstrated
adequate test-retest reliability.

The Hurt thermometer scale has faces super-
imposed on a scale on which the left end is white
and represents no pain. From left to right, the color
progresses from blue to red, with the bright-red
end at the right representing maximal pain. This
probably has no advantage in the assessment of
pain in children, but may help assess pain in
patients whose primary language differs from
members of the health care team.

The Poker Chip Tool or Pieces of Hurt scale
works well for preschool children. The child
gives between one and four poker chips to the
care provider to indicate the “size” of pain the
child is currently experiencing. For even younger
children, the thumb-to-index-finger measurement

No pain Mild

m "N — = ~ A~
%) (@) (%
2/

~ e
0 2 4

Figure 8.1

Faces scale.

Moderate

offers another modality of pain communication.
The child indicates the severity of his or her pain
by spreading the thumb from the index finger.
Children seem able to grasp subunit quantity
when expressed as a change in the relationship of
body parts at a much younger age than they can
with objects such as building blocks.

Nonself-report assessment

Infants, toddlers, cognitively-impaired patients,
and those who do not speak the language of the
health care team cannot effectively communicate
their pain by the usual self-report scales. The
physician is reduced to careful searching for cues
that suggest the presence of pain. Soliciting com-
ments from caregivers may help with the assess-
ment of the patient’s pain and the effectiveness
of treatment.

Neonates have a limited repertoire of expres-
sion, and their ability to show body posturing is
even further limited by the prevailing fashion of
wrapping or swaddling. Evaluation of neonatal
facial expressions provides the best estimate of
their level of pain, even when their face is par-
tially obscured by a nipple or pacifier. Of 10
possible facial actions in neonates, three provide
the most reliable indicators of pain: the furrowed
brow, the forehead bulge (just above the eye-
brows), and squeezing of the eyes. Other facial
actions include the nasolabial furrow, which can
be obscured by a pacifier, open lips, horizontal
and vertical mouth stretch, taut tongue, chin
quiver, lip purse, and tongue protrusion. The cry
in response to pain tends to be more high-pitched
and drawn out than the usual cry for food or
diaper changing. Caregivers are often able to
describe how the current cry differs from the
usual cry, and whether or not the baby is more
difficult to console. Moaning or whimpering is
not normal for a neonate.

The FLACC scale (face, legs, activity, cry, and
consolability) is sometimes useful in infants

Severe Worst
possible
=
o \ [ [ d
- - 5\,12
6 8 10
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Table 8.2 FLACC pain scale (each category is scored from 0 to 2, totals up to 10)

Categories 0 1

Face Smile or no expression

Occasional grimace or

2

Quivering chin, clenched jaw

frown; withdrawn

Legs Normal position or relaxed

Activity Lying quietly, moves easily

Uneasy, tense, restless

Squirming, tense shifting

Kicking, legs drawn up

Arched, rigid, jerking

back and forth

Cry No cry

Consolability ~ Content, relaxed

Moans or whimpers;
occasional complaints

Reassured by occasional

Crying, screaming, frequent
complaints

Difficult to console or comfort

touch, hug, or talk; distractible

(Table 8.2). Facial distortions due to pain are
described above. The limbs are assessed for rigidity
and muscle tone. In the infant with severe cerebral
palsy or known spasticity, this may not prove help-
ful in the assessment of pain. Crying and consola-
bility are assessed with the help of the caregivers.

Assessment of pain in patients with limited
communication skills is very challenging. Patients
with developmental disabilities or cognitive
impairment are often unable to express pain. It is
unclear whether their neurologic impairment
means that these patients do not actually experi-
ence pain, or if the pain experience is diminished
for them. There are no valid or reliable tools for
assessment of pain in patients with significant
neurologic impairment. As much as possible, the
clinician should keep caregivers at hand to assist
with communication and management, maintain
typical means of communication (e.g., patient’s
laptop), maintain typical means of comfort and
mobility (e.g., wheelchair, form board), and
remember that improved function may not mean
that the pain has completely abated.

Treatment of pain
Expediting relief

Patients generally wait too long for their pain to
be treated. Untreated pain has physiologic conse-
quences and must be mitigated as soon as possible.
Treatment should begin even before a definitive
diagnosis has been established. Multiple studies
have shown that patients who have undifferenti-
ated abdominal pain, even children, can safely
receive analgesics without a worse outcome.

The need for informed consent in the immediate
future is often given as a reason for withholding

pain therapy. The concern that analgesics may
compromise a patient’s competency (ability to
understand and sign an informed consent form
for a procedure) is unfounded. Analgesia can be
titrated so that the patient’s consciousness is not
clouded. Additionally, if absolutely necessary, an
opioid antagonist can be administered. Pain itself
can alter mood and thought. Furthermore, the
patient may detect an element of coercion if he or
she is told that pain medication will only be
given after the consent is signed.

Safety, speed of onset, and ease of pain medi-
cation administration are key elements to pain
relief in the ED setting. First, the patient must be
monitored, and safety measures (such as putting
up the gurney’s side rails) must be instituted. The
agent and route of administration must ensure
rapid onset of adequate analgesia. In general, IV
or inhalational routes ensure the fastest onset of
action. Sophisticated techniques exist for deliver-
ing analgesia to specific sites. Many of these, such
as intrathecal opioids, are too complicated and
cumbersome for use in the ED environment.
Sometimes, establishing an IV can be extremely
difficult, especially in toddlers or chronically-ill
patients with friable or scarred veins. Trans-
mucosal absorption of drugs (fentanyl) may pro-
vide relief of pain and may help the patient
cooperate better during attempts at IV access.
Intranasal administration of ketamine, midazo-
lam, and sufentanil offers another alternative.

Nonpharmacologic modalities

Physical and psychologic comfort measures can
set the tone for an ED visit, and help relieve pain
and anxiety while preparations are under way
for delivery of pharmacologic analgesia. Physical
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comfort measures include positioning the patient
to minimize discomfort (e.g., in patients with mus-
culoskeletal back pain); adjusting the lighting of
the room (e.g., for the patient with photophobia
from migraine headache); ensuring that the patient
is warm enough (providing blankets); or immo-
bilizing, elevating and supporting injured extrem-
ities, and placing ice packs on the site of injury.

Fear and anxiety exacerbate a patient’s pain and
suffering. The ED environment is unfamiliar to
most patients, and the patients feel dependent on
strangers for help. Patients may also fear that their
injury may result in permanent disability, or that
their pain may be due to cancer. Young children
often fear that their pain is punishment for per-
ceived misdeeds, and often believe that the body
part that hurts will be amputated. Anxiety and
anger on the part of family members may also
heighten a patient’s pain. Early reassurance that
the patient and his or her family and friends will
be treated with respect and compassion helps
decrease suffering and ameliorate pain. Offering a
patient choices whenever possible (e.g., where the
IV will be placed) lessens the feeling of loss of
control. Letting the patient know approximately
how long it will take to obtain the medication,
before the medication begins working, and
whether to expect relief to be partial or full are
important as well.

For pediatric patients, music, storytelling,
blowing bubbles, and other verbal or imagery
techniques can distract the child from a painful
procedure as well as reduce anxiety (Table 8.3).
The Child Life Department, if available, can be
invaluable in providing positive interactions with
children and caregivers.

Pharmacologic therapy

Pharmacologic therapy can be either curative or
palliative. Relief of cardiac chest pain by the
vasodilatory effect of nitroglycerin is an example
of curative therapy. This chapter deals primarily
with palliative therapy; once a diagnosis has been
established, curative therapy is preferred over
palliation alone if possible.

Non-opioid agents
Non-opioid agents are listed in Table 8.4.

Acetaminophen

Acetaminophen is an effective analgesic for mild
to moderate pain. Its mechanism of action is

Table 8.3 Analgesic modalities and their mechanisms of
action

Distraction Cognitive focus away from pain

Music Cognitive focus away from pain
and decreased anxiety

Hypnosis Cognitive reinterpretation of

painful stimuli

Biofeedback Decreases muscle tension

Placebo Activates descending pain inhibitory
pathways. May involve endorphins

TENS Interferes with transmission in
dorsal horn ganglia. Possibly
stimulates endorphins

Acupuncture Probably similar to TENS

Local Blocks transmission of afferent

anesthesia nerve impulses

NSAIDs Block production of prostaglandins

Opioids Bind to opiate receptors in

central nervous system (CNS)

and possibly in peripheral nerves
Nitrous oxide Blunts emotional reaction to pain;
possible role of endogenous
opioids

NSAIDs: non-steroidal anti-inflammatory drugs;
TENS: transcutaneous electrical nerve stimulation.

unclear, yet it seems to act centrally.
Acetaminophen has little anti-inflammatory effect
and few gastrointestinal side effects. It does not
affect platelet aggregation. Significant hepato-
toxicity is known to occur with large overdoses.

Non-steroidal anti-inflammatory drugs

The mechanism of action of NSAIDs is thought to
be due to inhibition of prostaglandin, and possibly
leukotriene production. Alone, prostaglandins
do not cause pain, but sensitize nerve endings to
perceive an ordinary, non-painful stimulus as
painful. NSAIDs are widely used for their
antipyretic and anti-inflammatory properties, in
addition to their analgesic properties. They are
effective for mild to moderate pain, and their
lack of respiratory depression and abuse poten-
tial makes them an attractive choice. There is a
“ceiling effect” beyond which no further analge-
sia can be produced, even when a different
NSAID is added. Their major side effects include
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Table 8.4 Non-opioid analgesics

Generic Dose

(proprietary)

Acetaminophen 650-1000 mg PO

(APAP) g4-6h
1gPRg6h
1-2gPR g12h

Aspirin (ASA) 650-975mg PO g4 h

Ibuprofen 600mg PO gq6-8h

Naproxen 250mg PO gq6-8h

500-100 PR g12h
Indomethacin 25-50mg PO q12h
100mg PR g24 h

Pediatric dose
10-20 mg/kg PO

20-40mg/kg PR g4 h

10-15mg/kg PO

10mg/kg PO q6-8h

5-7mg/kg PO q12h

N/A

Toxic dose Maximum dose

Not an NSAID. Exact mechanism
unknown. Liver toxicity possible
when above 150 mg/kg is taken
in 24 hour

100 mg/kg/day

Reye’s syndrome in children who
subsequently get flu or chickenpox.
Tinnitus

Toxic dose 150 mg/kg

60 mg/kg/day

Gl irritation

Platelet dysfunction
Renal dysfunction
Bronchospasm

40 mg/kg/day

Interacts with protein-bound drugs 20 mg/kg/day

As for naproxen 3 mg/kg/day

Same as IB. Decrease dose by
one-half in elderly.

Selective COX-2 inhibitor. Withdrawn

Ketorolac 60 mg IM/dose 0.5mg/kg IV g6 h
30mg IV/dose Max 120 mg/d

Rofecoxib 12.5-50mg PO qd Available as liquid

(Vioxx)

Celecoxib 200 PO bid Not approved

Valdecoxib 10mg PO qd Not approved

Tramadol 50-100mg PO Not approved

due to increased risk of serious
cardiovascular events

Not available as liquid; contraindicated
in sulfa allergy. May increase risk of
serious cardiovascular events

No renal elimination; should not
be given to sulfa-allergic patients.
May increase risk of serious
cardiovascular events

May precipitate serotonin syndrome
in SSRI patients (no actual pediatric
indications, but studies support safety
and efficacy in children)

COX: cyclooxygenase; Gl: gastrointestinal; IB: ibuprofen; IM: intramuscular; IV: intravenous; NSAID: non-steroidal
anti-inflammatory drug; PO: per os; PR: per rectum; SSRI: selective serotonin reuptake inhibitors.

gastrointestinal bleeding, renal failure, anaphy-
laxis, and platelet dysfunction. The same anal-
gesics that are effective in adults can be safely
administered to children greater than 2 months
of age. In children, the margin of safety of these
drugs approximately equals that in adults.

Aspirin

Aspirin may cause Reye’s syndrome in children
who contract influenza or chickenpox. Aspirin is

now seldom used in children, except to treat
autoimmune diseases such as juvenile rheuma-
toid arthritis.

Ketorolac tromethamine

Ketorolac is the first non-opioid analgesic agent
available for parenteral use in the US. For
acute musculoskeletal pain, 60mg ketorolac
administered IM has been shown approximately
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equivalent in analgesic efficacy to 800 mg of oral
ibuprofen. Ketorolac inhibits prostaglandin syn-
thesis, so its onset is no faster than that of an
equivalent agent given orally. Ketorolac is con-
sidered to be most useful in the context of renal
colic because decreased prostaglandin synthesis
results in decreased ureteral peristalsis. In the-
ory, opioids increase smooth muscle spasm and
peristalsis; nonetheless, opioids have proven to be
effective analgesics in renal colic and should be
considered as standard therapy. Ketorolac is
approximately 10-35 times more expensive than
morphine.

Cyclooxygenase-2 specific inhibitors

Cyclooxygenase-1 (COX-1) serves as a “clean-up”
or reparative agent and is not inducible with stimu-
lation from inflammation or injury. COX-2 is pres-
ent in lower levels and is inducible, showing
increases that are closely related to the inflamma-
tory response to injury or inflammation. Most
traditional NSAIDs block both COX-1 and COX-2.
The selective COX-2 inhibitors rofecoxib and
celecoxib provide anti-inflammatory effects and
moderate analgesia with a lower incidence of gas-
trointestinal side effects. Both are eliminated by
the liver, and share similar drug interactions with
standard NSAIDs. They may precipitate anaphyl-
axis in patients with aspirin allergy. Celecoxib is
metabolized by the cytochrome P450 system and
may cross-react in patients who have a sulfona-
mide allergy. Rofecoxib (Vioxx) has been taken
off the market because of its association with an
increased incidence of myocardial infarction.

General guidelines for choosing
non-opioid analgesic agents

1. Use cautiously in the elderly, who are at
greater risk of developing gastrointestinal
bleeding, renal toxicity and renal failure.

2. Patients who are dehydrated or
hypovolemic are at high risk of acute renal
impairment.

3. All have the potential for gastrointestinal side
effects.

4. They may interfere with the effects of many
antihypertensives.

5. There is little clinical evidence of individual
superiority of one particular agent over
another.

6. Newer agents may cost as much as fifty times
more than older ones.

Opioid analgesic agents

Opioid analgesics are the mainstay of pharmaco-
logic management of acute, moderate to severe
pain (Table 8.5). The beneficial physiologic and
psychologic effects of opium have been well docu-
mented for centuries; so have its toxicity and
potential for abuse. Fear of inducing addiction
has led to the underuse of opioids by many
physicians. However, many studies have shown
that short-term use of opioid analgesics for acute
pain syndromes is not associated with future
dependence.

There are multiple opioid receptors, each
affected by opioids in different ways. The most
commonly used opioids are p-agonists: mor-
phine, meperidine, methadone, codeine, oxy-
codone, and the fentanyls. An agonist acts as a
neurotransmitter — when the receptor recognizes
the agonist, it causes alterations within the cell.
An antagonist blocks the receptor by occupying
it without initiating transduction. Partial agonists
produce a partial response with decreased intrin-
sic activity. By binding the receptor site, they also
block access of full agonists and function as par-
tial antagonists.

Morphine

Morphine is the gold standard opioid agent. In
standard dosage, it produces analgesia without
loss of consciousness. Relief of tension, anxiety,
and pain then results in drowsiness and sleep.
Nausea, vomiting, pruritus, and miosis are the
most common side effects. Vasodilatation and
venous pooling from morphine do not cause sig-
nificant hemodynamic effects in normovolemic
patients, but can cause significant hypotension in
hypovolemic patients. Morphine causes dose-
dependent depression of ventilation, reducing the
respiratory rate and then tidal volume. Morphine
increases sphincter tone at the pylorus, ileo-cecal
junction, and the sphincter of Oddi, and decreases
peristalsis, resulting in constipation.

Fentanyl

Fentanyl’s advantages over morphine include a
rapid onset (<1 minute) and brief duration of
action (30-45 minutes). It is 50-100 times more
potent than morphine and has little hypnotic or
sedative effect. Fentanyl’s main disadvantage is
the glottic and chest wall rigidity that may
develop after rapid infusion of higher doses
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Table 8.5 Opioid analgesics

Generic Oral equipotent Parenteral
(proprietary) dose
Morphine 30-60 mg 10mg 3-5
(0.5 mg/kg) (0.1 mg/kg)
Codeine 30-100mg 30-100mg 4
(2 mg/kg) (0.5 mg/kg)
Hydromorphone 2-6mg 1-2mg 2-4
(Dilaudid) (0.02-0.1 mg/kg) (0.015mg/kg)
Hydrocodone 5-10mg N/A 3-4
(Vicodin, Lortab)
Oxycodone 5-10mg N/A 3

(Percocet, Tylox)

Meperidine 250-300 mg 75-125mg 2-3

(Demerol) (1.5-2.0mg/kg)  (1.0mg/kg)

Fentanyl N/A 0.1-0.2mg 1-2
(0.001 mg/kg)

Alfentanil N/A 1mg/kg 1.5
(0.01 mg/kg)

Duration
(in hours)

Comments

Standard for comparison

Poor analgesic
Good cough
suppressant

Available as suppository

Good cough
suppressant

Fewer side effects than
codeine and greater
potency

Parenteral form not
available in the US. Very
effective analgesic

Toxicity from metabolite
normeperidine

No histamine release.
Transcutaneous and
transmucosal
absorption

Shortest half-life, minimal
cardiovascular side

Precautions

Respiratory depression
Hypotension

Sedation

Histamine release

Constipation, nausea
and vomiting, abuse
potential

Euphoria

Greater abuse
potential

Euphoria, abuse
potential

Avoid with MAOI.
Caution in renal or
hepatic failure

For IV administration,
push and flush slowly
to avoid “rigid chest”
syndrome

Muscular rigidity if
administered too

effects quickly; expensive

MAOI: monoamine oxidase inhibitor; IV: intravenous.

(>5mcg/kg). The mechanism of the “rigid chest”
syndrome is unclear, but can be life-threatening,
since assisted ventilation may be impossible with-
out muscle relaxants.

Hydromorphone

Hydromorphone is a derivative of morphine,
and has greater selectivity for p-opioid receptors.
It has a rapid onset of action and lasts 4-6 hours.
Hydromorphone is five times more potent and
ten times more lipid soluble than morphine, yet
less sedating. It also produces less nausea.

Opioid drug selection

The idea that some opioids are weak and inef-
fective in severe pain is outdated. In equipotent

doses, opioid agents can achieve the same effect
as other opioids, but differ in their side effects and
half-life. Factors affecting drug selection include:
the intensity of the pain, coexisting disease, poten-
tial drug interactions, treatment history, physician
preference, patient preference, and proposed
route of administration.

Choice of route of administration
Injectable

The IV route results in the shortest time to onset
of pain relief. There is no “maximal” dose of opi-
oid; induction of undesired side effects usually
signals the limit of the patient’s ability to tolerate
the drug. Patient-controlled analgesia (PCA) is
commonly used in the inpatient setting for
severe pain that is expected to last for hours or
days. In general, PCA does not have a role in the
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ED setting, but may be beneficial to patients in
observation units or for those whose ED stay is
prolonged due to lack of inpatient beds.

The IM route has multiple disadvantages.
Among them, the pain of the injection limits the
physician’s ability to titrate the drug effect. Fur-
thermore, drug uptake is variable, depending on
the patient’s peripheral circulation.

Oral

First-pass hepatic metabolism may inactivate as
much as 80% of an oral opioid dose. Patients who
will require general anesthesia cannot take any-
thing by mouth. Patients who are vomiting will
not be able to retain the drug long enough for
absorption to occur. Time to onset of analgesia is
much longer and titration is more difficult. Out-
patient pain control after discharge is the main
reason to use oral opioids.

Rectal

The rectal route has the advantages of transmu-
cosal absorption without the first-pass effect.
Additionally, it does not rely on gastric motility.
Absorption, however, is variable. Patients may
object to this route of administration. Hydromor-
phone is the only opioid available as a suppository.
The IV form can also be given rectally.

Transmucosal

Fentanyl lollipops are the most common form of
opioid using the transmucosal route. This is espe-
cially helpful in children, but requires patient
cooperation.

Combination therapy

The combination of a non-opioid analgesic and
an opioid agent produces significantly greater
pain relief than either agent alone.

Use of adjuvant agents

Adjuvant agents are used in combination with
opioids for various reasons: to provide synergy;
to decrease side effects; to decrease anxiety; and
to relax muscles, especially in acute musculoskel-
etal pain. The phenothiazines and hydroxyzine
are most commonly used. There is no evidence,
however, for analgesic synergy with these agents.

Phenothiazines do not potentiate analgesia, as
previously believed, and may actually diminish
the analgesic effect of the simultaneously admin-
istered opioid. Hydroxyzine not only requires an
additional injection, but also increases respiratory
depression. In severe musculoskeletal pain associ-
ated with muscle spasm, the addition of a muscle
relaxant may provide more relief than an opioid
alone. In this scenario, respiratory status must be
monitored closely. In general, adjuvant agents
provide little additional analgesia and may poten-
tiate or add side effects to the clinical picture.

Special patients
Undifferentiated abdominal pain

Fear of masking the clinical findings and missing
the diagnosis has long prevented physicians
from giving opioids to patients with undifferen-
tiated abdominal pain, leaving them to suffer for
hours while establishing a diagnosis and definitive
treatment. This practice was first promulgated
by Cope, from his 1921 text The Early Diagnosis of
Abdominal Pain. “If morphine be administered, it
is possible to die happy in the belief that he is on
the road to recovery, and in some cases, the med-
ical attendant may for a time be induced to share
the same delusive hope.” Newer diagnostic tech-
niques, better monitoring, and more accurate
opioid titration have made his dire warning
obsolete. In fact, the most recent edition of Cope’s
textbook retracts this myth. Several studies have
documented that early pain relief in patients with
acute abdominal pain is safe and does not result
in worse outcomes, even in children.

Migraine headaches

There have been many studies comparing the
effectiveness of non-opioid agents to opioids in
the management of migraine headaches. The
phenothiazines have shown success rates as high
as 95%. Sumatriptan and dihydroergotamine have
been associated with recurrence rates as high as
50%, especially in patients with persisting
headache at the time of discharge from the ED.
Many other drugs (metoclopramide, haloperidol,
droperidol, NSAIDs, and narcotics) have been
studied. The relative benefit of any of these drugs
or any combinations has not been established.
Opioids have not been shown to perform better
in clinical trials and have the potential to be associ-
ated with subsequent drug-seeking behavior.
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Chronic pain

The patient with a terminal illness and chronic
pain should receive generous amounts of opioids
while the physician searches for a new process
that might have caused increased pain. These
patients will have great tolerance for the anal-
gesic effects of opioids, but not necessarily for
their side effects. Patients who have chronic pain
with a non-terminal illness should be under the
care of a primary care provider who has a plan
for managing this pain. Close consultation with
that primary care provider, or the pain manage-
ment team, if applicable, will optimize the
patient’s care and reduce dependency and abuse.

Suspected drug-seeker

Some patients will feign pain or claim pain syn-
drome diagnoses in order to receive opioids,
either for their own use or to sell. Suspected
drug-seeking behavior should be documented
and will become evident as the number of ED
visits increase. In general, it is better to err on the
side of humane treatment than to deprive a
patient of needed pain relief. Diligence in check-
ing the history and physical for inconsistencies,
communicating with the patient’s primary care
provider, and checking the medical records will
help identify drug seekers and drug-seeking
behavior. Non-narcotic medications should be
substituted when possible. Prescriptions should
be written for only small amounts of medication,
in matching alphabetic and numeric formats.
Communication between the primary care
provider and ED personnel will serve not only to
confirm the physician’s suspicions, but can also
provide the basis for a consistent care plan for
future visits. Documentation of findings and dis-
cussions are necessary parts of the medical record.

Pearls and pitfalls
Pearls

e Treat pain early and often; anticipate pain
prior to its recurrence.

* Reassess patients frequently.

¢ Use enough agent to achieve the desired
effect, or until an undesirable side effect
occurs. Switch to a different agent if side
effects occur and pain persists, or if the initial
agent is not effective.

¢ Select the route of administration that allows
the fastest relief for the patient but neither

delays definitive care nor causes unnecessary,
additional discomfort.

Pitfalls

* Wrong agent: Most opioids can achieve the
desired degree of analgesia. A major
exception is oral codeine. Codeine is a weak
agonist with a high incidence of nausea,
vomiting, and constipation; it has not been
shown to be more effective than
acetaminophen alone.

* Wrong dosage: Titrate the dosage to achieve
the desired degree of analgesia. There is no
“maximal” dose of any opioid.

e Wrong route: The IM route has several
disadvantages: pain, delayed onset of action,
unpredictable uptake, difficult and painful
titration, and complications such as
hematoma formation or damage to structures
in the path of the injection.

e Wrong frequency: Preventing pain from
recurring by earlier readministration of
opioid will result in less opioid use overall
than the retreatment of pain that has had
time to reestablish itself.

e [Incorrect use of adjuvant agents: Adjuvant
agents do not reduce the dosage of opioid
needed. Antiemetics may be used if nausea
and vomiting persist after adequate analgesia
has been achieved. The sedation or
respiratory depression that occurs with most
of the commonly-used adjuvant agents is
undesirable.
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9 Abdominal pain

S.V. Mahadevan, MD

Scope of the problem

Evaluation of the patient with acute abdominal
pain is one of the most challenging aspects of
emergency medicine. Abdominal pain is the pre-
senting complaint in as many as 10% of emergency
department (ED) patients. Diagnostic possibilities
range from immediately life-threatening condi-
tions (e.g., ruptured abdominal aortic aneurysm
(AAA)), to self-limiting (e.g., abdominal wall
strain), and from common (e.g., gastroenteritis) to
unusual (e.g., black widow spider bite). Though
the etiology of pain is initially undetermined in as
high as 30-40% of patients, recognition of surgical
or life-threatening causes is more important than
establishing a firm diagnosis.

Anatomic essentials

Abdominal pain is typically derived from one or
more of three distinct pain pathways: visceral,
parietal (somatic) and referred.

Visceral abdominal pain

Visceral abdominal pain is usually caused by dis-
tention of hollow organs or capsular stretching of
solid organs. Less commonly, it is caused by
ischemia or inflammation when tissue conges-
tion sensitizes nerve endings of visceral pain
fibers and lowers the threshold for stimulus. Often
the earliest manifestation of a particular disease
process, visceral pain may vary from a steady ache
or vague discomfort to excruciating or colicky
pain. If the involved organ is affected by peristal-
sis, the pain is often described as intermittent,
crampy, or colicky in nature.

Since the visceral pain fibers are bilateral,
unmyelinated, and enter the spinal cord at mul-
tiple levels, visceral abdominal pain is usually
dull, poorly localized and experienced in the
midline. Visceral pain is perceived from the
abdominal region corresponding to the diseased
organ’s embryonic origin. Foregut structures,
such as the stomach, duodenum, liver, biliary
tract and pancreas produce upper abdominal
pain, often in the epigastric region. Midgut
structures, such as the small bowel, appendix

and proximal colon cause periumbilical pain.
Hindgut structures, such as the distal colon and
genitourinary system cause lower abdominal pain.

Parietal (somatic) abdominal pain

Parietal or somatic abdominal pain results from
ischemia, inflammation or stretching of the par-
ietal peritoneum. Myelinated afferent fibers
transmit the painful stimulus to specific dorsal
root ganglia on the same side and dermatomal
level as the origin of the pain. For this reason,
parietal pain, in contrast to visceral pain, often
can be localized to the region of the painful stimu-
lus. This pain is typically sharp, knife-like and
constant; coughing and moving are likely to
aggravate it. Conditions resulting in parietal
pain often account for physical examination
findings of tenderness to palpation, guarding,
rebound and rigidity.

The classic presentation of appendicitis
involves both visceral and somatic pain. The
pain of early appendicitis is often periumbilical
(visceral) but localizes to the right lower quad-
rant (RLQ) when the inflammation extends to
the peritoneum (parietal).

Referred pain

Referred pain is defined as pain felt at a distance
from the diseased organ. It results from shared
central pathways for afferent neurons from dif-
ferent locations. For instance, a patient with
pneumonia may present with abdominal pain
because the T9 distribution of neurons is shared
by the lung and abdomen. Other examples of
referred pain include epigastric pain associated
with myocardial infarction (MI), shoulder pain
associated with diaphragmatic irritation (e.g.,
ruptured spleen), right infrascapular pain associ-
ated with biliary disease, and testicular pain
associated with acute ureteral obstruction.

History

In patients with abdominal pain, a careful and
focused history is the key to uncovering the eti-
ology of most cases.
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Where is your pain? Has it always been
there?

The location of abdominal pain often corresponds
to specific disease entities and is very important
for the development of an initial differential diag-
nosis (Figure 9.1). Keep in mind that the location
of abdominal pain may vary with time, especially
as the underlying disease evolves and the pain
progresses from visceral to somatic. Periumbilical
pain that migrates to the RLQ is very specific for
appendicitis, while epigastric pain that localizes
to the right upper quadrant (RUQ) is classic for
biliary disease.

Does the pain radiate anywhere?

The pain of biliary colic may radiate to the right
infrascapular region; the pain of pancreatitis to

the midback. Pain that radiates to the flank or
genitals may represent a kidney stone or rup-
tured AAA.

How did the pain begin (sudden vs. gradual
onset)? How long have you had the pain?

Sudden or abrupt onset of abdominal pain often
indicates a serious underlying disorder. Fainting
or collapsing with such pain is worrisome for
conditions such as a ruptured AAA, perforated
ulcer or ectopic pregnancy. Inflammatory causes
of pain (cholecystitis, appendicitis, diverticulitis)
tend to develop over hours to days and generally
are less severe at the onset. Pain for >6 hours
or <48 hours duration, or pain that is steadily
increasing in intensity is more likely to require
surgical intervention.

Diffuse pain
Acute pancreatitis
Aortic dissection or ruptured

Right upper quadrant

Acute cholecystitis and biliary colic
Acute hepatitis

Acute pancreatitis

Appendicitis

Hepatic abscess h
Hepatomegaly/congestive heart fallure
Herpes zoster

abdominal aortic aneurysm
Bowel obstruction
Early appendicitis
Gastroenteritis
Mesenteric ischemia ; |
Perforated bowel
Peritonitis
Sickle cell crisis

Left upper quadrant
Acute pancreatitis
Gastric ulcer

Myocardial ischemia
Perforated duodenal ulcer
Right lower lobe pneumonia

Right lower quadrant
Abdominal wall hematoma
Appendicitis

Cecal diverticulitis

Gastritis

Left lower lobe pneumonia

Myocardial ischemia

Splenic enlargement, rupture,
infarction or aneurysm

Left lower quadrant

Endometriosis
Incarcerated or strangulated

Endometriosis
“\ Incarcerated or strangulated

inguinal hernia A
Meckel’s diverticulitis
Mesenteric adenitis N
Mittelschmerz
Pelvic inflammatory disease
Psoas abscess
Regional enteritis \
Ruptured abdominal aortic

inguinal hernia
Mittelschmerz
Pelvic inflammatory disease
Psoas abscess
/ Regional enteritis

\ Ruptured abdominal aortic

aneurysm

Ruptured ectopic pregnancy

aneurysm
Ruptured ectopic pregnancy
Seminal vesiculitis

Terminal ileitis (Crohn’s disease)
Torsed ovarian cyst

Ureteral calculi

Figure 9.1

Seminal vesiculitis
Sigmoid diverticulitis
Torsed ovarian cyst
Ureteral calculi

Differential diagnosis of acute abdominal pain by location. Adapted from Wagner DK. Curr Topic 1978;1(3).
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What were you doing when the pain began?

Severe pain that awakens a patient from sleep is
concerning and may represent perforation or
ischemia. This history of abdominal pain following
trauma raises the possibility of an intra-abdominal
injury to the solid organs or bowel.

What does the pain feel like?

The significance of the patient’s characterization
of pain (visceral, somatic, referred) is described
in detail earlier in this chapter. Classic descrip-
tions of pain include the burning or gnawing
pain of peptic ulcer disease, the sharp pain of
biliary colic, the penetrating pain of pancreatitis,
the tearing pain of an aortic dissection, and the
crampy intermittent pain of intestinal obstruction.

On a scale of 0-10, how severe is the pain?

Unfortunately, the patient’s quantification of pain
severity is often inconsistent and generally unreli-
able in determining the specific cause of pain.
Studies have shown that elderly patients tend
to have a higher pain threshold than younger
patients. In general, nonsurgical causes of pain
tend to be less painful than surgical etiologies.
Although acute nephrolithiasis (kidney stone)
may present with severe, incapacitating pain, the
majority of patients will spontaneously pass their
stone without surgical intervention. The finding of
severe pain “out of proportion” to physical exami-
nation is worrisome for mesenteric ischemia.

Does anything make the pain better or
worse?

Parietal peritoneal pain is aggravated by move-
ment, such as hitting bumps on the car ride to the
hospital or with walking. This finding necessitates
the exclusion of appendicitis. The pain of peptic
ulcer disease typically improves with eating,
whereas biliary colic worsens with meals. Pain
accentuated by reclining and relieved by sitting
upright should raise suspicion for a retroperi-
toneal process such as pancreatitis. Abdominal
pain relieved by vomiting suggests a gastric or
proximal bowel problem, whereas relief of pain
after a bowel movement suggests a colonic process.

Have you had the pain before?

Some patients with abdominal pain have had
prior similar episodes. It has been reported that

prior pain events occur in up to 71% of patients
with cholecystitis and in 18% of patients with
appendicitis.

Associated symptoms
Gastrointestinal

Ask about nausea, vomiting, anorexia, constipation,
diarrhea or bleeding. Nausea and vomiting may
result from irritation of intra-abdominal organs
or obstruction of an involuntary muscular tube
(i.e., intestine, bile duct, ureter). Consequently,
nausea and vomiting are common to many
abdominal processes, including appendicitis.
However, vomiting may also be slight or absent
from many serious surgical conditions (ectopic
pregnancy, intussusception). The temporal rela-
tionship of abdominal pain and vomiting is
another key historical finding. Classically, patients
with appendicitis or other surgical causes of
abdominal pain develop pain prior to vomiting.
The reverse is often true in medical conditions,
where vomiting may precede pain. Any child
presenting with bilious vomiting raises concern
for an acute bowel obstruction.

Contrary to popular belief, anorexia is not a
requisite finding for the diagnosis of appendicitis,
as it is absent in 10-30% of cases. Constipation
and diarrhea occur with equal frequency (15% of
cases) in appendicitis. Diarrhea may accompany
a partial small bowel obstruction (SBO) despite
the common misconception that any bowel
movement excludes this condition. Bloody diar-
rhea is suggestive of inflammatory bowel disease
or infectious enterocolitis. A bloody or “currant
jelly” (blood and mucus) stool may indicate
intussusception, although this is generally a late
finding. Failure to pass flatus or feces could be
associated with an intestinal obstruction.

Genitourinary

Ask about dysuria, frequency, urgency and hema-
turia. Though dysuria and urinary frequency are
classic symptoms of a urinary tract infection
(UTI), they can also occur as the result of bladder
irritation by an inflamed appendix or pelvic
organ. Gross hematuria may indicate bladder
irritation (infection, tumor) or nephrolithiasis.

Gynecologic

Ask about pregnancy, menses, contraception, fertility,
sexual activity, sexually transmitted infections (STIs),
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vaginal discharge or bleeding and dypareunia. Previous
gynecologic history including surgeries, previous
pregnancies and infections are also important to
identify. A patient may mistake abnormal vaginal
bleeding for their menses. Painful menses in a
patient without a history of dysmenorrhea should
raise concern for a serious gynecologic condition.
Ectopic pregnancy should be considered in all
female patients between the ages of 9 and 50 years
with abdominal pain.

Pregnancy not only alters the diagnostic pos-
sibilities of a patient with acute abdominal pain
but can also change the clinical findings.
Advanced pregnancies make the diagnosis of
appendicitis more difficult — not only does the
location of the appendix change with the pro-
gression of the pregnancy, but these patients tend
to have fewer clinical findings than non-pregnant
patients.

Cardiopulmonary

Ask about cough, dyspnea and chest pain. Pneumonia,
pulmonary embolism (PE) and acute MI may
present with abdominal pain as the chief com-
plaint. Abdominal pain may be the result of other
extra-abdominal causes (Table 9.1).

Table 9.1 Important extra-abdominal causes of
abdominal pain

Pneumonia
Pulmonary embolism
Herniated thoracic disk

Systemic causes
Diabetic ketoacidosis
Alcoholic ketoacidosis

Uremia

Sickle cell disease Genitourinary

Porphyria Testicular torsion

Systemic lupus Renal colic
erythematosus

Vasculitis Infectious

Glaucoma Strep pharyngitis (more

Hyperthyroidism often in children)

Rocky Mountain spotted
Toxic fever
Methanol poisoning Mononucleosis
Heavy metal toxicity
Scorpion bite
Black widow spider bite

Abdominal wall
Muscle spasm
Muscle hematoma
Thoracic Herpes zoster
Myocardial infarction

Unstable angina

Adapted from Purcell TB. Nonsurgical and
extraperitoneal causes of abdominal pain. Emerg
Med Clin North Am 1989;7:721-740.

Past medical

Previous abdominal surgery is an important
risk factor for bowel obstruction due to adhe-
sions. Patients with a history of cardiovascular
disease, hypertension or atrial fibrillation are at
risk for mesenteric ischemia and AAA. Ongoing
medical illnesses such as diabetes, heart disease,
or chronic obstructive pulmonary disease (COPD)
may complicate the evaluation and stabilization
of patients with abdominal pain. Certain medica-
tions (non-steroidal anti-inflammatory drugs
(NSAIDs), corticosteroids, antibiotics, immuno-
suppressants) may lead to abdominal pain or
make its evaluation more challenging. Alcohol
consumption places patients at risk for pancrea-
titis, hepatitis or cirrhosis.

Physical examination

The primary goal of the physical examination is
to localize the organ system responsible for dis-
ease. It is important not only to examine the
abdomen but other body areas as well that may
provide clues to the etiology of the pain, espe-
cially the pelvic (women), genitourinary (men),
back, and rectal areas.

General appearance

The general appearance of a patient is an import-
ant clinical observation. As a general rule, patients
with pallor or distress are generally more acutely
ill. Patients whose disease process has progressed
to peritonitis tend to lie still to avoid exacerbating
their pain. Patients with ureteral colic or mesen-
teric ischemia may writhe in pain because they
cannot find a position of comfort. Nonspecific
abdominal pain, gastroenteritis and ureteral colic
are usually less aggravated by movement.

Vital signs

The absence of a fever, often used as a marker
to identify infection, can be deceiving in
patients with abdominal pain. Diseases such
as appendicitis and cholecystitis may present
with temperatures <100.2°F (37.8°C). Elderly or
immunocompromised patients may not mount a
fever despite serious underlying illness. The
majority of elderly patients with acute appen-
dicitis or cholecystitis are afebrile in spite of
higher rates of perforation and sepsis.

The presence of fever should alert the phys-
ician to the possibility of infection as the cause of
pain. An acute onset of a high fever and chills
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make appendicitis less likely than pneumonia or
pyelonephritis in the appropriate clinical setting.

Other vital signs may be helpful in assessing
the degree to which a patient is affected by his
or her illness. Hypotension may be a result of
dehydration, sepsis or internal hemorrhage, and
is a worrisome finding in an elderly patient.
Tachycardia may signify occult blood loss, sep-
sis, volume contraction or pain. However, med-
ications such as beta-blockers may blunt the
patient’s ability to mount such a response. An
increased respiratory rate may result from severe
pain, acidosis or an extra-abdominal cause such
as PE, pneumonia or ML

Abdomen
Inspection

Inspection may reveal distention, masses, bruis-
ing, scars from prior surgeries or cutaneous signs
of portal hypertension. Cullen’s sign (a bluish
umbilicus) and Grey Turner’s sign (discoloration
of the flank) are signs of internal hemorrhage,
although infrequently seen in the acute setting.

Auscultation

Auscultation is performed prior to palpation
because the latter may induce peristalsis artifi-
cially. Contrary to conventional teaching, absent
or diminished bowel sounds provide little useful
clinical information. In one investigation, approxi-
mately half the patients with confirmed perito-
nitis had normal or increased bowel sounds.

High-pitched or tinkling sounds can be asso-
ciated with SBO, especially in the presence of
abdominal distention. Low-pitched and less fre-
quent bowel sounds are classically associated
with a large bowel obstruction. The auscultation
of bruits might indicate the presence of a AAA in
an elderly patient. In the pregnant patient, assess
for fetal heart tones, which can be heard in 90%
of patients by 12 weeks gestation.

Percussion

Percussion is useful for determining the size of
organs and for distinguishing between distention
caused by air or fluid. Tympany may be due to
excessive gas in the bowel or peritoneal cavity;
shifting dullness or a fluid wave suggests ascites.

Palpation

For palpation of the abdomen to be effective, it is
important to first calm the patient and gain his or

her cooperation. Having the patient flex the legs
at the knee and hip may relax abdominal muscu-
lature, making palpation more effective. Be gen-
tle. A rough or painful examination is not only
distressing to the patient but may mislead the
examining physician. Palpation should be per-
formed systematically, beginning as far as pos-
sible from the patient’s perceived location of
pain. It is important to observe the patient’s
facial expressions for signs of pain during palpa-
tion. In older patients, careful palpation of the
abdomen may also reveal a pulsatile mass sug-
gestive of a AAA.

It is rare for a serious abdominal condition to
present without abdominal tenderness. By local-
izing tenderness to a specific abdominal region,
the clinician often can narrow the possible diag-
noses to the organs within that anatomic region.
Complicating matters, however, is the fact that
some patients with inflamed intra-abdominal
organs do not have localizable tenderness. For
example, only two-thirds of patients with appen-
dicitis have RLQ tenderness on examination.

In addition to localizing tenderness, the patient
should be assessed for signs of peritoneal irrita-
tion, the hallmark of surgical disease.

Guarding

Guarding is the reflex spasm of the abdominal
wall musculature in response to palpation or
underlying peritoneal irritation (Figure 9.2).

Figure 9.2
Guarding.
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Voluntary guarding can occur as a response to the
physician’s cold hands, fear, anxiety or being tick-
lish. Involuntary guarding, which has greater clin-
ical significance, is more likely to occur with
surgical illness and is not relieved by physician
encouragement.

Rebound tenderness

Rebound tenderness is elicited by slow, gentle,
deep palpation of an area of tenderness followed
by abrupt withdrawal of the examiner’s hand
(Figure 9.3). Though rebound tenderness has
classically been a hallmark of surgical disease,
several recent studies have questioned its sensi-
tivity and specificity as well as its lack of prospec-
tive utility for surgical conditions. As a result,
some physicians have condemned the procedure
as a cruel and uninformative holdover from
the past.

Alternatives to classic rebound testing include
the cough test, where the examiner has the patient
cough and looks for evidence of post-tussive
abdominal pain, such as grimacing, flinching or
grabbing the belly, and the heel drop sign, where
the patient experiences pain on dropping the heels
to the ground after standing on his or her toes. In
children, this may be tested by having them jump
up and down.

Special signs or techniques

A positive Murphy’s sign is elicited when a patient
abruptly ends deep inspiration during palpation
of the RUQ. Murphy’s sign is very sensitive for
acute cholecystitis and biliary colic. The psoas sign
(Figure 9.4) is performed by having the patient flex
the thigh against resistance. The obturator sign
(Figure 9.5) is performed by having the patient
internally and externally rotate their flexed hip.
Pain elicited by either the psoas or obturator
maneuvers can indicate irritation of the respective
muscles by an inflammatory process such as acute
appendicitis, a ruptured appendix or pelvic
inflammatory disease (PID).

A positive Rovsing’s sign is pain in the RLQ pre-
cipitated by palpation of the left lower quadrant
(LLQ). This is also suggestive of appendicitis.
Carnett’s sign is increased tenderness to palpation
when the abdominal muscles are contracted, as
when the patient lifts his or her head or legs off the
bed, and may be useful to distinguish abdominal
wall from visceral pain.

(b)

Figure 9.3
Rebound (a) hand down (b) hand up.

Pelvic

A pelvic examination is mandatory in any woman
of childbearing age with abdominal pain. The
pelvic examination may help differentiate a
gynecologic cause of pain from other causes.
Cervical appearance, cervical motion tenderness
(CMT), adnexal tenderness or masses, uterine
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Psoas muscle

Figure 9.4
Psoas sign.

Obturator muscle

Figure 9.5
Obturator sign.

size, and the presence or absence of discharge, pus
or blood should be noted. While women with
appendicitis or PID may have CMT or adnexal ten-
derness, the presence of pus at the cervical os sug-
gests PID. A woman with severe PID may also
experience RUQ tenderness due to perihepatic
inflammation (Fitz-Hugh—Curtis syndrome).

Table 9.2 Differential diagnosis of abdominal pain

Diagnosis Symptoms

Appendicitis Classically vague periumbilical
or epigastric pain that
migrates to the RLQ

Anorexia, nausea, vomiting
Diarrhea
Low grade fever

Genital

Just as every woman of childbearing age needs a
pelvic examination, every male with abdominal
pain should have a genital examination. The groin
should be inspected and palpated for hernias
which may be the cause of an acute bowel obstruc-
tion. The external genitalia and scrotum should
also carefully be evaluated for any tenderness,
masses, or abnormalities.

Rectal

Recent literature has questioned the utility of the
rectal examination in the diagnosis of appendi-
citis, as it is neither sensitive nor specific for the
disease. However, the rectal examination still
remains a necessary component of the evaluation
of patients with abdominal pain. The diagnosis of
prostate or perirectal disease, stool impactions,
rectal foreign bodies and gastrointestinal (GI)
bleeding all depend on the digital rectal examin-
ation. Occult blood in the right clinical setting
should raise suspicion for intestinal ischemia.

Back

Gently percussing the costovertebral angles (CVA)
of the back with a fist will elicit pain in patients
with pyelonephritis or obstructive uropathy.

Head-to-toe

Abdominal pain may be elicited by extra-
abdominal causes, such as pharyngitis, pneumonia
and MI. These conditions can be missed without
a comprehensive physical examination.

Differential diagnosis

Table 9.2 lists conditions causing abdominal pain
by diagnosis.

Signs Work-up

Abdominal tenderness Clinical diagnosis

Fever (mean temperature 38°C) Abdominal CT

Voluntary or involuntary Ultrasound (preferred in
guarding children and pregnant

Rebound tenderness patients)

Rovsing, psoas, or
obturator signs
CMT

(continued)
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Table 9.2 Differential diagnosis of abdominal pain (cont)

Diagnosis

Biliary colic,
cholecystitis,
cholangitis

Bowel
obstruction

Diverticulitis

Ectopic
pregnancy

Gastroenteritis

Intussusception

Mesenteric
ischemia

Ovarian torsion

Symptoms

Acute crampy, colicky RUQ or
epigastric pain

May radiate to the subscapular
area

Nausea, vomiting

Fever/chills may be present with
cholecystitis and cholangitis

Crampy diffuse abdominal pain

Nausea, vomiting

No flatus or stool passage

Bloating

History of previous surgery or
bowel obstruction

LLQ abdominal pain

Nausea, vomiting

Change in stool pattern
(frequency or consistency)

Constipation

Diarrhea

Rectal bleeding

Abdominal or pelvic pain

Vaginal bleeding

Amenorrhea

Nausea, vomiting

Dizziness

May complain of shoulder
pain (referred)

Intermittent, crampy abdominal
pain

Poorly localized

Diarrhea

Nausea, vomiting

Episodic colicky abdominal pain

Nausea, vomiting

Bloody stool

Diarrhea

Poor feeding

Episodes of crying and drawing
legs up

Gradual to acute onset

Poorly localized, unrelenting
abdominal pain

Nausea, vomiting, diarrhea

Abrupt onset

Severe unilateral abdominal or
pelvic pain

Nausea, vomiting

Signs

RUQ tenderness

Murphy’s sign

Fever with cholecystitis,
cholangitis

Abdominal distention

Abdominal tenderness

Fever

Abnormal bowel sounds

Peritoneal signs may indicate
strangulation

LLQ tenderness, guarding,
rebound

Fever

Heme-positive stools

If perforation, potential for
tachycardia, high fever,
sepsis

Abdominal or pelvic
tenderness

Adnexal tenderness

Adnexal mass

Nonspecific abdominal
examination

Absence of peritoneal signs

Fever

Palpable abdominal mass
Abdominal tenderness
Ocecult blood in stool
Currant jelly (mucoid,
bloody) stool
Dehydration and lethargy
between episodes

Classically, pain “out of
proportion” to examination

Physical examination varies
depending on the duration
of ischemia

May develop hypovolemia
and sepsis

Unilateral abdominal or
pelvic tenderness
Tender adnexal mass

Work-up

Ultrasound (preferred
ED study)
Radionuclide scan
Liver function tests
Amylase, lipase

Abdominal plain films
Abdominal CT

Clinical diagnosis
Abdominal CT
Ultrasound

Barium contrast enema

Urine or serum
pregnancy test

Quantitative 3-hCG

Endovaginal ultrasound

Culdocentesis

Rh type

Hematocrit

Testing usually not
necessary for
uncomplicated
gastroenteritis

Abdominal series

Barium or air contrast
enema — gold
standard, sometimes
therapeutic

Ultrasound

CT

Serum lactate

Plain films: may show
pneumatosis
intestinalis,
portal vein gas or
thumbprinting

Abdominal CT

Gadolinium-enhanced
MRA

Angiography

Transvaginal ultrasound

with color doppler
Exclude pregnancy

(continued)
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Table 9.2 Differential diagnosis of abdominal pain (cont)

Diagnosis

Pancreatitis

Pelvic
inflammatory
disease

Perforated
peptic ulcer

Ruptured or
leaking
abdominal
aortic
aneurysm

Testicular
torsion

Ureteral colic

Volvulus

Symptoms

Severe, dull epigastric or
LUQ pain
Radiation to back

Lower abdominal pain — dull,
constant or poorly localized

Vaginal discharge

Abnormal vaginal bleeding

Urinary symptoms

Dyspareunia

Sudden severe abdominal pain

May radiate to back with
posterior ulcers

Nausea, vomiting

Older patients may have
minimal pain

Severe abdominal pain
Flank or back pain
Radiation to groin, thigh
Syncope

Sudden onset severe pain

May be felt in the lower
abdomen, scrotum or
inguinal area

Nausea, vomiting

Previous episodes resolving
spontaneously (41%)

Abrupt onset of severe pain
in the flank

Radiates to the groin

Nausea, vomiting

Writhing in pain

Sudden severe colicky
abdominal pain

Abdominal distention

May have had recurrent
episodes

Nausea, vomiting

Constipation

Signs

Abdominal tenderness
Vomiting

Abdominal distention
Volume depletion

Lower abdominal tenderness

Adnexal mass or tenderness

CMT

Mucopurulent endocervical
or vaginal discharge

Fever

Diffuse abdominal pain

Acute peritonitis

Rigid abdomen

Volume depletion

Hypotension, tachycardia,
fever

Pulsatile abdominal mass

Diffuse abdominal tenderness

Abdominal bruit, decreased
pulses

Hypotension

Hematuria

Swollen, tender, firm
hemiscrotum

High-riding testis with
transverse lie

Loss of cremasteric reflex

Cannot find a comfortable
position

CVA percussion tenderness

Benign abdominal
examination

Fever suggests infection

Hematuria

Diffuse abdominal
tenderness
Abdominal distention
Tympany
Palpable mass
with cecal volvulus
Peritoneal signs, fever, shock
with bowel infarction

Work-up

Amylase

Lipase

Abdominal CT (with
contrast)

uted jeuiwopqy

Cultures for GC,
chlamydia

Pregnancy test

Pelvic ultrasound to
exclude tubo-ovarian
abscess

Consider syphilis, HIV
testing

Abdominal series:
free air
Abdominal CT

Straight to OR
Abdominal plain films
ED ultrasound
Abdominal CT

Straight to OR

Color doppler imaging

Radionuclide technetium
scan

Urinalysis may show
hematuria

Unenhanced CT

IVP

Ultrasound + KUB

Abdominal plain films:
extremely distended
colon

Barium enema

Sigmoidoscopy

CMT: cervical motion tenderness; CVA: costovertebral angle; CT: computed tomography; ED: emergency
department; GC: gonococcus; hCG: human chorionic gonadotropin; HIV: human immunodeficiency virus;

IVP: intravenous pyelogram; KUB: kidney, ureter and bladder X-ray; LLQ: left lower quadrant; LUQ: left upper
quadrant; MRA: magnetic resonance angiography; OR: operating room; PID: pelvic inflammatory disease; RLQ: right
lower quadrant; RUQ: right upper quadrant.
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Diagnostic testing
Laboratory studies
Complete blood count

A complete blood count (CBC) is frequently
ordered in patients with abdominal pain. Despite
the association of an elevated white blood cell
(WBC) count with many infectious and inflamma-
tory processes, numerous studies have demon-
strated that many patients with surgically-proven
appendicitis have initially normal WBC counts.
Even serial WBC counts have failed to discrimin-
ate between surgical and nonsurgical illness. In
the patient with abdominal pain, an elevated WBC
does not necessarily imply serious disease, detect-
ing only 53% of patients with severe abdominal
pathology in one study. In fact, elevations of the
WBC count may lead to additional tests and
increased costs without providing additional infor-
mation. The CBC should never be used to make
the sole diagnosis of abdominal pathology, nor
should it be used in isolation to exclude reasonable
diagnostic possibilities. The bottom line is that
decision-making in cases of abdominal pain rest
primarily on a carefully taken history and thor-
ough physical examination, not the WBC count.

Urinalysis

The urinalysis is a rapid, cost-effective adjunctive
laboratory test that needs to be interpreted with
caution in patients with abdominal pain. Findings
suggestive of UTI include pyuria, positive leuko-
cyte esterase, positive nitrites and the presence of
bacteria. However, up to 30% of patients with
appendicitis may present with blood, leukocytes or
even bacteria in their urine. A mild degree of
pyuria may be present in elderly patients at base-
line. Be wary of ascribing abdominal pain to a UTI
when the clinical picture does not fit. Red blood
cells (RBCs) in the urine are consistent with infec-
tion, trauma, tumors and stones. The patient with
acute flank pain and hematuria suggests renal colic
but also may represent a leaking or ruptured AAA.

Pregnancy test

All female patients of childbearing age with
abdominal pain should have a pregnancy test.
A positive pregnancy test expands the differential
diagnosis (i.e., ectopic pregnancy), influences the
choice of medications or adjunctive studies, and
may impact disposition. Do not omit pregnancy

testing in patients who report sexual abstinence,
tubal ligation or contraceptive use.

Amylase/lipase

Though a serum amylase is commonly ordered
when looking for pancreatitis, it may be normal
in as many as a third of patients with pancreatitis.
The serum amylase may also be elevated in other
conditions including peptic ulcer or liver disease,
SBO, common duct stones, bowel infarction,
ectopic pregnancy, ethanol intoxication and dia-
betic ketoacidosis (DKA). Serum lipase has a
higher sensitivity and specificity for pancreatitis
than total amylase, and is therefore the most use-
ful test in a patient with suspected pancreatitis.

Other laboratories

Liver function tests may be elevated in patients
with biliary or hepatic disease. Serum electrolytes
may be abnormal in patients with significant
vomiting or diarrhea, symptoms >24 hours dura-
tion, diuretic use, or a history of kidney or liver
disease. Serum phosphate and serum lactate may
be elevated in cases of bowel ischemia.

Electrocardiogram

Electrocardiograms (ECGs) should be considered
for all patients with unexplained epigastric or
abdominal pain. They are particularly essential
in the evaluation of elderly patients with vague,
poorly localized abdominal complaints. An acute
coronary syndrome (ACS) or inferior MI can
present with epigastric pain, diaphoresis and
vomiting. Though a normal ECG in the setting of
abdominal pain does not exclude an MI, it makes it
less likely.

Radiologic studies
Plain films

Abdominal plain films are markedly overutilized,
difficult to interpret (even in experienced hands),
and rarely provide useful clinical information.
Plain films are unlikely to be helpful in patients
with nonspecific abdominal pain, suspected
appendicitis, and UTIs. In fact, they may cloud
the diagnosis leading to delays in management.
Plain films of the abdomen should be restricted
to patients with suspected bowel obstruction,
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Figure 9.6

AP/UPRT

Pneumoperitoneum. AP erect chest X-ray reveals free air beneath the left
hemidiaphragm consistent with pneumoperitoneum.

perforated viscus or foreign bodies. Even in these
presentations, computed tomography (CT) scan-
ning provides much more detailed information.
When evaluating plain abdominal radiographs,
look for abnormalities such as dilated loops of
large or small bowel, air-fluid levels, abnormal
calcifications of the abdominal aorta or urinary
tract, gallstones, and free air under the diaphragm
(Figure 9.6).

Ultrasound

Ultrasound has emerged as an extremely useful
diagnostic modality in patients with abdominal
pain. Advantages of ultrasound include lack of
ionizing radiation, low cost and widespread avail-
ability. It is the preferred imaging approach for
evaluating patients with RUQ pain. In patients
with acute cholecystitis, ultrasound may detect
gallstones, gallbladder wall thickening, perichole-
cystic fluid or a sonographic Murphy’s sign.
Ultrasound is also commonly used to make
the diagnosis of acute appendicitis, particularly in
children, thin adults, women of reproductive age
and pregnant patients. The primary sonographic

Figure 9.7

Appendicitis on ultrasound. Gray scale longitudinal
ultrasound demonstrates enlarged non-compressible
appendix (cursors) >7 mm, consistent with acute
appendicitis. Courtesy: GM Garmel, MD.

criterion of appendicitis is demonstration of a
swollen, noncompressible appendix >7mm in
diameter with a target configuration (Figure 9.7).
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Additionally, ultrasound is useful in imaging
the pelvic organs; the transvaginal approach is
preferred and superior to the transabdominal
approach for the diagnosis of ectopic pregnancy.

Limited bedside ED ultrasonography can be
used for:

1. confirming an intrauterine pregnancy which
dramatically lowers the risk of ectopic
pregnancy;

2. screening for the presence of a AAA
(Figure 9.8);

3. screening for the presence of free
intraperitoneal blood in patients with
abdominal trauma (see Appendix E).

Figure 9.8

Ruptured abdominal aortic aneurysm (AAA) on
transverse color Doppler sonogram. Note color flow within
aneurysm (A) and retroperitoneal clot and hemorrhage
posterior to AAA (arrows). Courtesy: R. Brooke Jeffrey, MD.

Ultrasound may be difficult to perform in obese
patients and those in severe pain. As ultrasound
requires considerable skill, findings are operator-
dependent and interpretation errors can occur.
Anegative ultrasound does not exclude the diag-
nosis of either appendicitis or ectopic pregnancy.

Abdominal computed tomography

Abdominal CT has fast become the modality of
choice in patients with undifferentiated abdominal
pain who require imaging, as it allows for a
panorama-like visualization of the structures of
the peritoneal and retroperitoneal space, unin-
hibited by the presence of bowel gas or fat. Due
to its exceptional accuracy, CT is often the pri-
mary imaging modality in patients with sus-
pected appendicitis. CT findings of appendicitis

(Figure 9.9) include a swollen, fluid-filled appen-
dix often with a calcified appendicolith or inflam-
matory changes in the periappendiceal mesenteric
fat. After perforation, a phlegmon or abscess may
be visible. CT is also useful for determining the
diagnosis (and in many cases, the clinical severity)
of conditions such as renal colic, bowel obstruc-
tion, bowel perforation, bowel ischemia, diverti-
culitis, pancreatitis, intra-abdominal abscess and
AAA. The major drawbacks of CT are the cost,
radiation dose and availability.

Figure 9.9

Acute appendicitis on contrast enhanced CT. Note
enlarged appendix with multiple appendicoliths.
Periappendiceal fat stranding is apparent. Courtesy:
R. Brooke Jeffrey, MD.

General treatment
principles

As with all ED patients, treatment begins with the
ABCs (Airway, Breathing, Circulation). The main
goals of treatment are physiologic stabilization,
symptom relief and preparation for surgical inter-
vention when warranted.

Volume repletion

Not all patients with abdominal pain need intra-
venous (IV) access or IV fluids. However, many
patients have some degree of volume contraction
resulting from poor intake, vomiting and diar-
rhea, or third-spacing. Other patients may have
volume loss secondary to internal bleeding (e.g.,
ectopic pregnancy). Crystalloids are the initial
fluids of choice in both children and adults. The
rate of repletion is determined by the degree of
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hypovolemia, the cardiovascular status of the
patient, and the response of the patient to initial
therapy. Under certain circumstances, such as
life-threatening hemodynamic collapse, blood
products may be the initial resuscitation fluid.

Pain relief

Despite the long held opinion that narcotic anal-
gesia masks peritoneal signs of an acute abdomen,
there is no clear evidence supporting this notion.
In fact, recent studies have revealed that the
administration of moderate doses of analgesia
and the ensuing pain relief do not cloud diagnos-
tic findings; instead, this approach actually may
aid in the diagnosis of surgical disease. In the
acute setting, pain relief is typically achieved with
IV titration of opioid analgesics such as morphine
sulfate or fentanyl.

When combined with narcotic agents, IV
ketorolac provides pain relief for patients with bil-
iary and renal colic. Patients with epigastric dis-
comfort may gain relief from a GI cocktail (varied
combinations of an antacid, viscous lidocaine
and/or donnatal). Though the GI cocktail may be
therapeutic, it is not diagnostic, as even pain from
an acute MI may be relieved by this therapy.

Antibiotics

Antibiotics are indicated in patients with abdom-
inal sepsis, suspected perforation, or the pres-
ence of peritonitis (local or diffuse). Abdominal
infections are often polymicrobial and necessi-
tate coverage for enteric Gram-negatives, Gram-
positives, and anaerobic bacteria. The specific
regimen must take into account the patient’s pres-
entation, comorbid conditions, and local bacterial
drug sensitivities and drug-resistance patterns.

Other

The control of emesis can be achieved by a num-
ber of agents. Patients in whom surgery is antici-
pated should be kept from eating or drinking
(NPO). A nasogastric (NG) tube may be of benefit
in patients with vomiting refractory to antiemetic
administration or confirmed bowel obstruction.

Special patients
Elderly

Several factors make the diagnosis and manage-
ment of abdominal pain in elderly patients chal-
lenging. Surgical causes of abdominal pain

increase in incidence with advancing age, whereas
nonspecific abdominal pain becomes less com-
mon. Typically, surgical illness in elderly patients
is more rapidly life-threatening than in younger
patients. Older patients are at much greater risk for
vascular catastrophes such as ruptured AAA,
mesenteric ischemia and MI. Elderly patients are
more likely to present without the classic or
expected historical or physical examination find-
ings associated with a common disease. Because of
atypical presentations and comorbidities, patient
mortality and rates of misdiagnosis increase expo-
nentially each decade after age 50. This highlights
the importance of considering surgical illness (and
surgical consultation) in most elderly patients with
abdominal pain. About 40% of all patients >65
years of age presenting to the ED with abdominal
pain ultimately require surgery.

Pediatric

The diagnosis of abdominal pain in children
presents its own unique challenges. Histories
must often be obtained from the children and
caregivers. Children are not always able to articu-
late their complaint or describe their symptoms.
Consequently, younger children tend to present
with late symptoms of disease and have a higher
incidence of perforated appendicitis compared
to adults. The usual etiologies of abdominal pain
in children vary from those in adults (Table 9.3).
Gastroenteritis, non specific abdominal pain and
appendicitis are more common in children,
whereas biliary disease, pancreatitis and vascu-
lar disease are relatively rare. Illnesses relatively
unique to children include intussusception, volvu-
lus, pyloric stenosis and Hirschsprung’s disease.
Any child presenting with bilious vomiting
should be presumed to have a bowel obstruction.

Immune compromised

In addition to ordinary afflictions such as appen-
dicitis, patients with human immunodeficiency
virus (HIV) presenting with abdominal pain may
also have:

1. enterocolitis with profuse diarrhea and
dehydration;

2. large bowel perforation associated with
cytomegalovirus (CMV);

3. bowel obstruction from Kaposi’s sarcoma,
lymphoma or atypical mycobacteria;

4. biliary tract disease from cryptosporidium or
CMV;

5. drug-induced pancreatitis.
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Table 9.3 Causes of abdominal pain by age of onset

Birth to 1 year 2-5 years
Constipation Appendicitis
Gastroenteritis Constipation
Hirschsprung’s disease Gastroenteritis
Incarcerated hernia Henoch—-Schénlein
Infantile colic purpura
Intussuception Intussuception
UTI Pharyngitis
Volvulus Sickle cell crisis

Trauma

uTl

Volvulus

6-11 years 12-18 years
Appendicitis Appendicitis
Constipation Constipation
Functional pain Dysmenorrhea
Gastroenteritis Ectopic pregnancy
Henoch—Schoénlein purpura  Gastroenteritis

Mesenteric lymphadenitis

Mittelschmerz

Pharyngitis Ovarian torsion
Pneumonia PID

Sickle cell crisis Testicular torsion
Trauma Threatened abortion
UTI

PID: pelvic inflammatory disease; UTI: urinary tract infection.
Adapted from Leung AKC, Sigalet DL. Acute abdominal pain in children. Am Fam Physician 2000;67(11).

The use of antibiotics, steroids or other
immunosuppressants may mask abdominal exam-
ination findings usually associated with infec-
tion, so consideration should be given to any
abdominal pain complaint, no matter how slight.
Steroid use can lead to demargination of leuko-
cytes, making interpretation of the WBC count
more difficult. Steroids also promote peptic ulcer
disease, leading to an increased incidence of per-
forated viscus.

Disposition
Surgical consultation

Patients with an acute abdomen or confirmed sur-
gical illness require urgent surgical consultation.
Life-threatening diagnoses such as ruptured
AAA or ectopic pregnancy require emergent con-
sultation and expedited treatment. The most com-
mon causes of abdominal pain requiring surgical
consultation are appendicitis, intestinal obstruc-
tion, perforated ulcer and acute cholecystitis.
These patients should be kept well-hydrated and
NPO. Early diagnosis and surgery for appendici-
tis prevents perforation and the associated acute
(abscess formation, sepsis) and late (scar forma-
tion with bowel obstruction/infertility) compli-
cations.

Serial evaluation

Observation with serial examinations allows the
emergency physician an extended evaluation of a
patient with an early or atypical presentation of
appendicitis or another acute abdominal process.

These patients are kept in the ED or admitted to
the hospital for serial abdominal examinations.
Serial evaluation, preferably by the same phys-
ician, allows a patient’s clinical picture to evolve or
resolve over a period of time. Studies have shown
that observation and repeated examinations of
patients with suspected appendicitis improve
diagnostic accuracy without increasing rates of
perforation.

Discharge

After a thorough work-up in the ED or serial
observation, patients without evidence of concern-
ing medical or surgical illness may be discharged.
Despite a patient’s expectation of a firm diagnosis,
it is perfectly acceptable to diagnose the patient
with nonspecific or undifferentiated abdominal
pain. In fact, the majority of patients are dis-
charged from the ED with this diagnosis. Avoid
forcing a diagnosis on the patient such as acute
gastroenteritis. True gastroenteritis requires the
presence of vomiting and diarrhea.

When discharging a patient with undiag-
nosed abdominal pain, it is important to arrange
for a repeat evaluation within 8-10 hours (either
in the ED or with an outpatient clinic) and make
it clear to the patient to return to the ED if symp-
toms worsen. Typically, patients are placed on a
clear liquid diet and narcotic analgesics are
avoided. For patients returning to the ED with
worsening symptoms, the additional opportunity
to establish the diagnosis should be welcomed.
Typically, these patients are more likely to have
appendicitis or bowel obstruction. Patients in
whom reliable follow-up cannot be arranged or
assured may require admission.
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Pearls, pitfalls, and myths

Do not restrict the diagnosis solely by the
location of the pain.

Consider appendicitis in all patients with
abdominal pain and an appendix, especially
in patients with the presumed diagnosis of
gastroenteritis, PID or UTL

Do not use the presence or absence of fever to
distinguish between surgical and medical
causes of abdominal pain.

The WBC count is of little clinical value in the
patient with possible appendicitis.

Any woman with childbearing potential and
abdominal pain has an ectopic pregnancy
until her pregnancy test comes back negative.
Pain medications reduce pain and suffering
without compromising diagnostic accuracy.
An elderly patient with abdominal pain

has a high likelihood of surgical disease.
Obtain an ECG in elderly patients and those
with cardiac risk factors presenting with
abdominal pain.

A patient with appendicitis by history and
physical examination does not need a CT
scan to confirm the diagnosis; they need an
operation.

The use of abdominal ultrasound or CT may
help evaluate patients over the age of 50 with
unexplained abdominal or flank pain for the
presence of AAA.

References

1. American College of Emergency Physicians

(ACEP). Clinical policy. Critical issues for
the initial evaluation and management of
patients presenting with a chief complaint
of nontraumatic acute abdominal pain. Ann
Emerg Med 2000;36(4).

. Coluciello SA, Lukens TW, Morgan DL.

Assessing abdominal pain in adults: a
rational, cost-effective evidence based
approach. Emerg Med Prac 1995;1(1).

13.

10.

11.

12.

. DeGennaro BA, Jacobsen SJ. Abdominal

pain. In: Harwood-Nuss A (ed.). The Clinical
Practice of Emergency Medicine, 3rd ed.,
Philadephia: Lippincott Williams &
Wilkins, 2001.

. Gallagher EJ. Acute abdominal pain. In:

Tintinalli JE (ed.). Emergency Medicine: A
Comprehensive Study Guide, 5th ed., McGraw
Hill, 2000.

. Graff LG, Robinson D. Abdominal pain and

emergency department evaluation. Emerg
Med Clin North Am 2001;19(1).

. Kamin RA, Nowicki TA, Courtney DS,

Powers RD. Pearls and pitfalls in the
emergency department evaluation of
abdominal pain. Emerg Med Clin North Am
2003;21(1).

. King KE, Wightmen JM. Abdominal pain.

In: Marx JA (ed.). Rosen’s Emergency
Medicine: Concepts and Clinical Practice, 5th
ed., St. Louis: Mosby, 2002.

. Leung AKC, Sigalet DL. Acute abdominal

pain in children. Am Fam Physician
2000;67(11).

. Marincek B. Nontraumatic abdominal

emergencies: acute abdominal pain:
diagnostic strategies. Eur Radiol
2002;12(19):2136-2150.

Newton E, Mandavia S. Surgical
complications of selected gastrointestinal
emergencies. Emerg Med Clinic North Am
2003;21(4).

Nicholson V. Abdominal pain. In: Hamilton
GC (ed.). Presenting Signs and Symptoms in
the Emergency Department: Evaluation and
Treatment. Baltimore: Williams and Wilkins,
1993.

Silen W. Cope’s Early Diagnosis of the Acute
Abdomen, 20th ed., New York: Oxford
University Press, 2000.

Thomas SH, Silen W. Effect of diagnostic
efficiency of analgesia for undifferentiated
abdominal pain. Br | Surg 2003;90:5-9.

Primary Complaints 159

uled jeuiwopqy






10 Abnormal behavior

Tim Meyers, MD and Gus M. Garmel, MD

Scope of the problem

Patients manifesting abnormal behavior are com-
mon in emergency departments (EDs). They rep-
resent one of the most challenging classes of
patients the emergency physician must treat. The
causes of abnormal behavior are exceedingly
diverse and require physicians to maintain a high
level of vigilance to determine whether an under-
lying medical disorder exists. In 1998, it was esti-
mated that nearly 4% of the approximately 100.4
million ED visits in the US were for behavioral
problems. Many of these patients present “for
medical clearance” prior to an intended psychi-
atric hospitalization. It is important that these
patients be treated with the same sensitivity as
every patient in the ED. “Medical clearance”
should include a comprehensive medical evalua-
tion to identify any potential underlying medical
problem that may be responsible for the changes
in behavior.

Pathophysiology

The physiology of behavior represents a complex
interplay of human physiology and the environ-
ment in which it exists. Historically, changes in
behavior have been classified as being of func-
tional (psychiatric) or organic (medical) etiology.
These classifications are dated, as neuropatho-
physiologic mechanisms of psychiatric disease
have advanced over the past decades. Examples
include aberrations in neurotransmitter trans-
duction in depression (serotonin), schizophrenia
(dopamine) and Alzheimer’s disease (acetyl-
choline). Pharmacologic therapy directed at
modulation of these neurotransmitters has greatly
advanced the treatment and prognosis of patients
suffering with these illnesses.

History

Prior to obtaining the history, the safety of the
patient and staff should be ensured. Patients who
are altered or violent may be unable or unwilling
to give an adequate history. It is important to seek
additional sources of information from para-
medics, police, family members or witnesses.

Is this an acute or chronic condition?

The temporal nature of these behavioral changes
is a good place to start when obtaining the his-
tory. Sudden behavioral changes in a previously
healthy person are more likely to herald an
underlying medical disorder. In contrast, demen-
tia is characterized by progressively worsening
cognitive function.

If acute, what were the events leading up to
the change in behavior?

Is there an antecedent history of trauma, ingestion,
medication noncompliance, or new medication(s)
that might explain the patient’s symptoms? Has
the patient had a recent social stressor such as
difficulty with work, family or a relationship that
serves as the precipitant.

Does the patient have a history of
psychiatric illness?

Patients with a history of psychiatric illness are
more likely to have an underlying functional dis-
order as the cause of their abnormal behavior.
Ask the patient if he or she has a history of depres-
sion, mania, schizophrenia or anxiety. Does the
patient have a psychiatrist or psychotherapist? If
s0, it is important to attempt to contact that indi-
vidual for additional history and consultation
about disposition once underlying medical ill-
nesses have been excluded. Many patients suffer
from undiagnosed depression. The mnemonic
SIG-E-CAPS is helpful when evaluating patients
for possible depression (Table 10.1).

Table 10.1 SIG-E-CAPS mnemonic for depression
screening

sleep disturbances
interest in hobbies decreases
guilt (feelings of worthlessness)

energy decreases

concentration decreases

appetite (usually less, may be variable)
psychomotor movements

suicidal ideations or thoughts

OoPrOMmMmOTOn
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What medication does the patient take?
Is there a suspected ingestion?

Medications are commonly implicated as the eti-
ology of acute behavioral changes. When taking
a history regarding medication usage, the follow-
ing information should be considered:

1. What are the prescribed and over-the-counter
medications taken by the patient?

2. Is there a new medication that could be
causing an adverse reaction (e.g., mefloquine
for malaria prophylaxis causes psychosis) or
altering behavior through a drug-drug
interaction?

3. Is there a possibility of an accidental or
intentional overdose?

4. Is the patient sharing or taking someone
else’s medications?

Many medications are well known for causing
alterations in mental status (Table 10.2). The
patient should be questioned about any recent
dosage adjustments. Even when patients have
been on regularly scheduled doses, worsening
renal or hepatic insufficiency may cause medica-
tions to become supratherapeutic (e.g., digoxin
toxicity in the dehydrated elderly patient with
worsening renal function) and precipitate alter-
ations in behavior.

Table 10.2 Drugs that cause behavior changes

Anxiolytics Lorazepam

Antibiotics Isoniazid, rifampin, metronidazole

Anticonvulsants Phenytoin, phenobarbital, valproate

Antidepressants Selective serotonin reuptake
inhibitors, monoamine oxidase
inhibitors

Cardiovascular  Digoxin, beta-blockers,
drugs methyldopa

Others Antihistamines, cimetidine,

corticosteroids, disulfiram,
mefloquine, chemotherapy agents

Is the patient suicidal? Is there a history of
suicide attempts or gestures? Is the patient
homicidal? Can the patient care for
him/herself?

These questions are essential in identifying patients
who require involuntary psychiatric admission

for evaluation and treatment. Immediate steps
should be taken to keep these patients from
harming themselves or others. Inquire about
“red flags” for suicidality. These include guns or
weapons at home, pills or access to them, previ-
ous suicide attempts or recent stresses (job,
finances, relationships, health). In addition, the
physician has a “duty to warn” parties who may be
endangered as the result of a homicidal ideation.
When trying to assess whether or not a patient is
“gravely disabled,” determine if the patient is
able to shower or bathe, feed adequately, ambulate
safely, manage finances, and make reasonable
judgments. The conditions under which a person
can be placed on an emergency psychiatric hold
are a matter of state law and will be discussed
later in this chapter.

Is there a history of substance or physical
abuse?

Abnormal behavior is often the result of acute
recreational drug or alcohol ingestion, or a with-
drawal syndrome. Research reports that drugs
and alcohol account for 21-60% of cases of
abnormal behavior seen in EDs. There is a higher
incidence of substance abuse in patients who suf-
fer from psychiatric illness; similarly, patients
with a history of substance abuse are more likely
to have an underlying psychiatric condition. For
patients who are depressed, substance abuse is
an independent risk factor for suicide. It is import-
ant to ask patients, especially those with abnor-
mal behavior, whether or not they are victims of
physical, emotional, or sexual abuse.

Associated symptoms

® Head, eye, ear, nose and throat (HEENT):
headache, diplopia, vision loss, pain.

® Chest: pain, cough, shortness of breath.

e Gastrointestinal (GI): pain, nausea,
vomiting, diarrhea, incontinence,
constipation.

o Genitourinary (GU): pregnancy,
bleeding, pain, discharge, incontinence,
dysuria.

e Skin: rash, lesions.

* Neurologic: weakness, numbness, difficulty
walking, vertigo, tinnitus.

® Psychiatric: mood, hallucinations (visual or
auditory), anxiety, depression, suicidal,
homicidal.
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Physical examination

The physical examination represents a key aspect
in the identification of underlying medical
pathology in patients with behavioral changes.
In addition, it may provide clues to specific under-
lying psychiatric diagnoses. Physicians and psych-
iatrists infrequently perform complete physical
examinations in patients with abnormal behav-
ior. The medicolegal literature has documented
cases of fatal medical disorders inappropriately
diagnosed as psychiatric illness. It is important
that emergency physicians are meticulous in their
data gathering from history and physical exami-
nation to avoid missing medical illnesses respon-
sible for abnormal behavior.

General appearance

The general appearance of the patient is a key
feature of the physical examination. Is the patient
alert? Is the patient violent or are there signs of
impending violence, such as increased motor
activity, pressured speech, threatening posture
and gestures? Is the patient clean, well groomed
and appropriately attired?

Vital signs

These should be obtained as soon as safety
allows. Any vital sign abnormality warrants a
thorough evaluation. Many patients with under-
lying psychiatric illness who are evaluated in the
ED do not have a complete set of vital signs
documented. In particular, the temperature is
frequently not obtained. An incomplete set of
vital signs is a common pitfall. Alterations in
vital signs may be the only clue to an underlying
medical disorder, such as bacterial meningitis,
sepsis, pneumonia or other infection, or a
toxidrome.

Head

The head should be inspected for any evidence
of trauma, including signs of a basilar skull frac-
ture (Battle’s sign or raccoon’s eyes), soft tissue
swelling or lacerations. Palpate the scalp for
occult hematomas. Closely examine the head for
the presence of surgical scars or shunt hardware.

Eyes

The ocular examination warrants close attention
as it may be the only abnormality detected on

physical examination in a patient with an under-
lying medical problem. Pinpoint pupils (miosis)
can be caused by narcotics, cholinergic toxicity,
brainstem lesions or clonidine use. Dilated
pupils (mydriasis) are associated with sympath-
omimetics, anticholinergics, withdrawal states
and post-anoxic injury. If papilledema is present,
immediate computed tomography (CT) of the
head should be performed, as this may signify
increased intracranial pressure. Asymmetry of
the pupils (anisocoria) may indicate a space-
occupying central lesion, although this may be a
normal finding. Attention should also be
directed to the extraocular movements (EOMs).
Alterations in EOMs can be seen with Wernicke’s
encephalopathy or brainstem lesions. The
presence of nystagmus is another important fea-
ture associated with drug intoxication, but may
be present in brainstem and posterior fossa
lesions.

Neck

Assess for evidence of trauma, surgical scars,
masses, nuchal rigidity, bruits, or thyromegaly.

Cardiopulmonary

Careful inspection and auscultation for evidence
of pneumonia, murmurs, extra heart sounds,
trauma or surgical scars is very important.

Abdomen

Distension or pain with palpation may suggest
possible  underlying  surgical pathology.
Hepatomegaly and ascites in the setting of abnor-
mal behavior may suggest hepatic encephalop-
athy. A rectal examination should be performed
to assess for signs of trauma, foreign body, drugs
or melena/hematochezia.

Genitourinary

In women, a careful pelvic examination should
be performed to look for evidence of foreign
body, rape, trauma or infection. In older men,
particularly those with diabetes, Fournier’s
gangrene of the scrotum and perineum or prosta-
titis may cause abnormal behavior due to
infection.
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Skin

Assess skin turgor for signs of dehydration and
malnutrition. Inspect for the presence of petechiae,
purpura or ecchymosis. Is there evidence of
intravenous (IV) drug usage (track marks, “skin
popping,” abscesses or scars from previous
1&Ds), burns, or excoriations. Are there lesions
suspicious for Kaposi’s sarcoma that might signify
underlying acquired immune deficiency syn-
drome (AIDS) encephalopathy?

Neurologic

The neurologic examination is essential in differ-
entiating medical from psychiatric illness. A
retrospective review of patients admitted to psy-
chiatric hospitals demonstrated the neurologic
examination to be the most frequently undocu-
mented portion of the physical examination. The
examination should be performed in a systematic
fashion, with assessment of orientation, memory,
cranial nerves, motor, sensory, reflexes and cere-
bellar function included and documented.

Psychiatric

Is the patient suicidal or homicidal? Determine
the patient’s orientation (day, date, time and
location), mood (emotional state), affect (flat vs.
elevated), thought content (delusions), cognitive
function (mini-mental status examination), speech
quality (rapid, clear) and presence of hallucin-
ations (auditory vs. visual) (Table 10.3).

Another helpful mnemonic in distinguishing
functional from organic disorders is OMI-HAT
(Orientation, Memory, Intellect, Hallucinations,
Affect, Thinking). An organic etiology is more
often associated with alterations in the OMI,
while functional disorders are more associated
with abnormalities in HAT.

The confusion assessment method (CAM)
may be the most useful tool for diagnosing delir-
ium. Delirium is an acute disturbance of con-
sciousness with associated impaired cognition not
accounted for by pre-existing dementia. CAM
identifies the criteria necessary for diagnosis;
other criteria that are not necessary for diagnosis
(although common in delirium) include abnor-
mal psychomotor activity, sleep-wake cycle dis-
turbances, hallucinations, delusions and tremor.
CAM can detect delirium even in the presence of
dementia. The diagnosis of delirium requires
both features 1 and 2 to be present with either
feature 3 or 4 (Table 10.4).

Table 10.3 Mini-mental status examination

Orientation
What is the: (year) (season) (date)

(day) (month)? 5 points
Where are we: (state) (county)
(town) (hospital) (floor)? 5 points
Registration
Name three objects, ask patient to 3 points
repeat
Attention and calculation
Serial 7 subtraction or spell world 5 points
backwards
Recall
Ask the patient to rename the three
objects stated earlier 3 points
Language
Name a pencil and watch 2 points
Repeat the following: “No ifs, ands 1 point
or buts.”
Follow a three-stage command:
“Take this paper from my hand,
fold it in half, and drop it on the floor” 3 points
Read and follow the printed command:
“Close your eyes.” 1 point
Write a sentence 1 point
Copy a design 1 point

Source: Folstein MF, Folstein SE, McHugh PR.
Mini-mental state: a practical method for grading the
cognitive state of patients for clinicians. J Psych Res
1975;12:189-198.

A score of <23 may indicate the presence of
dementia or an underlying cognitive problem.

Table 10.4 Confusion assessment method

Feature 1 Acute onset and fluctuating course
Feature 2 Inattention

Feature 3 Disorganized thinking

Feature 4 Altered level of consciousness

Source: Inouye SK, van Dyck CH, Alessi CA, Balkin
S, Siegal AP, Horwitz RI. Clarifying confusion: the
confusion assessment method. Ann Int Med
1990;113:941-948.

Differential diagnosis

The differential diagnosis of abnormal behavior
is broad, and includes medical and traumatic ill-
ness, effects of medications or intoxicants, and
psychiatric disorders. Alterations in behavior can
run the gamut from minor changes in speech to
florid psychosis. Historically, several features
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Table 10.5 Organic vs. functional etiology for abnormal

behavior

Organic
Age <12 or >40 years

Sudden onset (hours
to days)

Fluctuating course

Disorientation

Decreased consciousness

Visual hallucinations

No psychiatric history

Emotionally labile

Abnormal vital signs/
physical examination

Functional
Age 12-40 years

Gradual onset (weeks
to months)

Continuous course
Scattered thoughts
Awake and alert
Auditory hallucinations

Previous psychiatric
history

Flat affect

Normal vital signs/
physical examination

Table 10.6 Differential diagnosis of delirium

Cause Etiology

Infectious

Sepsis, encephalitis, meningitis,

neurosyphilis, CNS abscess

Withdrawal

Acute metabolic

Alcohol, barbiturates, sedatives

Acidosis, electrolyte abnormality,

hepatic or renal failure,

hypoglycemia

Trauma Head trauma, burns

CNS disease Hemorrhage, CVA, vasculitis,
seizure, tumor

Hypoxia COPD, respiratory failure,
hypotension

Deficiencies Bj,, niacin, thiamine

Environmental

Acute vascular

Hypo- or hyperthermia

Hypertensive emergency,

subarachnoid hemorrhage

Toxins/drugs

Medications, recreational drugs,

alcohols, pesticides, industrial
poisons (carbon monoxide,
cyanide, solvents)

Heavy metals

Lead, mercury

COPD: chronic obstructive pulmonary disease; CNS:

central nervous system; CVA: cerebrovascular accident.

help differentiate organic from functional disease
(Table 10.5).

There are many organic causes of behavioral
changes. Frequently, these are manifestations of
an underlying medical problem. The mnemonic
“I WATCH DEATH” is one of several proposed
for the differential diagnosis of delirium, and
serves as a good reminder when evaluating a
patient in the ED with acute behavioral changes
(Table 10.6).

Diagnostic testing

As with all patients seen in the ED, diagnostic test-
ing should be guided by a careful history and phys-
ical examination. Patients with a prior history of
psychiatric illness, normal vital signs and a normal
physical examination may not require diagnostic
tests in the ED. In a recent survey of emergency
physicians, most felt that “routine” laboratory test-
ing was not a necessary part of the medical screen-
ing examination of psychiatric patients. However,
nearly one-third of those respondents reported that
“routine” testing is required by their local psychi-
atric treatment facilities.

Few studies have examined the yield of rou-
tine laboratory testing as part of the medical
screening examination of the psychiatric patient.
At a large county ED, Henneman prospectively
studied the utility of a standardized medical
evaluation of 100 alert patients 16-65 years of age,
presenting with first time psychiatric symptoms
without obvious signs of intoxication or suicidal-
ity. This evaluation included a complete H&P,
complete blood count (CBC), creatine phosphok-
inase (CPK), electrolyte and renal panel, prothrom-
bin time, calcium, drug and alcohol screening,
head CT and lumbar puncture if febrile. They
reported that 63 patients had an underlying
medical condition, with H&P being positive in 33
patients, CBC in 5, electrolyte and renal panel in
10, CPK in 6, drug and alcohol screen in 28, head
CT in 8 and lumbar puncture in 8. The authors
noted that all infections were detected by fever
or lumbar puncture. This literature sharply con-
trasts the majority of literature that reports a
yield for routine screening as low as 0.05%. Most
emergency physicians agree that mandatory test-
ing is costly and time-consuming, and clinically
insignificant abnormalities may subject an other-
wise medically stable patient to unnecessary
additional testing and delays in transfer. How-
ever, selected or directed diagnostic testing is
always appropriate.
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Specific diagnostic testing

In patients with normal behavior, self-reporting of
drug or alcohol use has been shown to be 92% sen-
sitive and 91% specific for identifying a positive
drug screen. Drug screens and alcohol levels are
frequently ordered on emergency patients in the
evaluation of abnormal behavior. These tests can
assist with the diagnosis in obtunded patients. In
addition, the absolute value of the blood alcohol
level can be used to estimate the rate at which an
intoxicated patient should sober (30-60mg/dl/
hour). Many newer recreational drugs that cause
abnormal behavior, such as ecstasy, gamma
hydroxybutyrate (GHB), and ketamine are not
detected by routine urine drug screens.

Some literature states that hypoglycemia is
responsible for up to 10% of abnormal behavior
seen in ED patients. Based upon these numbers
and the rapidity in which treatment should be
rendered, immediate bedside testing of blood
sugar is important for all patients who present
with acute alterations in behavior.

Screening electrocardiograms (ECGs) are gen-
erally not necessary in the evaluation of abnor-
mal behavior unless the patient has abnormal
vital signs, symptoms or exam findings sugges-
tive of acute coronary syndrome, or significant
risk factors for a cardiac event (age >50 years,
cocaine or stimulant use/abuse, or strong family
history). If there is a suspicion that the patient has
ingested a tricyclic antidepressant, beta-blocker,
calcium channel blocker, antiarrhythmic or other
medication known to affect cardiac conduction,
an ECG should be obtained and reviewed.

Chest radiography is indicated in patients
with cough, tachypnea, fever or hypoxia. A low
threshold for obtaining a chest X-ray in an elderly
patient is essential, as pneumonia may present
with abnormal behavior as its sole finding. CT
scanning of the brain is reserved for patients with
a headache, focal neurologic deficits, or those
at risk for subdural hematomas (elderly, anti-
coagulant use, recent falls, trauma, or dialysis).

Lumbar puncture should be performed in
patients suspected of having a subarachnoid
hemorrhage (despite a negative head CT) or cen-
tral nervous system (CNS) infection. As a rule,
anyone with fever, nuchal rigidity and altered
mental status should have a lumbar puncture
(LP). Patients who are immunocompromised
may not mount a fever even in the presence of
fulminant meningitis; therefore, they should
have an LP whether or not fever is present. Most
clinicians advocate obtaining a CT scan prior to

lumbar puncture in anyone who exhibits focal
neurologic findings in order to assess for masses or
radiologic signs of increased intracranial pressure.

General treatment
principles
Ensure safety

The primary treatment principle of any patient
presenting with abnormal behavior is ensuring
the safety of the staff and the patient. The patient
must be prevented from harming him/herself or
others. As a general rule, safety measures should
be instituted as needed in a rapid, collaborative,
rehearsed and stepwise fashion proceeding from
the least to the most restrictive.

The setting for obtaining the history is import-
ant, especially with a potentially violent patient.
The interview should be conducted in an environ-
ment of privacy but not isolation. Security person-
nel should be stationed outside the room in which
the interview is being conducted. While in the
room, the examiner should always remain
between the patient and the door. Ideally, the room
should have two points of exit so that both the
physician and the patient have access to an exit
should they feel threatened. During the H&P, the
physician should act as an advocate for the patient,
not an adversary. Decompress the situation by
allowing the patient to feel in control, while
setting limits to what is appropriate behavior.
Interviewing the patient in a seated position has
been shown to be effective in decompressing vio-
lent patients. Avoid prolonged eye contact and talk
in a calm manner without being condescending. If
at any time an examiner feels unsafe, he or she
should leave!

Rule out conditions that require
immediate action

Once the safety of the patient and staff has been
established, the next step is to determine whether
the altered behavior is a symptom or sign of an
underlying medical problem. Blood glucose, oxy-
genation status, fever and hemodynamic com-
promise should be rapidly addressed.

Determine the need for emergency
pyschiatric admission

Every state has conditions and laws set forth
to provide for the involuntary admission of a
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mentally ill patient. The purpose of these laws
allows for a patient to be held for a set period of
time (usually 72 hours) for further psychiatric
evaluation and treatment if they are deemed dan-
gerous to themselves, to others, or gravely dis-
abled. Some states also have laws specific to
alcohol or drug intoxication that make it possible
to hold a patient for evaluation and treatment.

Implement physical or chemical
restraint when necessary

Many patients who are agitated can be “talked
down” using a calm and soothing voice. Inform
the patient that you are his or her advocate and
want to help. Speak clearly while remaining non-
judgmental. Ask the patient why he is upset and
what could be done about it. For some patients, it
may be appropriate to bargain using food or
drink to gain control of the situation. The patient
can be offered medication, either oral or par-
enteral, to calm him down. If these verbal inter-
ventions fail, proceed to a higher level of
intervention called a “show of force.” A minimum
of five trained staff are needed, one to control
each extremity and one to control the head. An
additional person serves as the leader. To begin,
the security personnel gather around the leader
to promote an image of confidence. The leader tells
the patient to calm down or he will be restrained.
The patient is then given a few seconds to back
down. Many patients will respond to this
demonstration of force. If a patient remains agi-
tated or combative, it is then necessary to apply
physical restraints. At the signal of the leader, the
team controls the patient’s extremities and head.
Caution should be exercised at all times, as violent
patients are prone to kick, swing, bite, spit and
scratch while being restrained. The patient is
taken down in a backward motion and then
rolled over. The leader informs the patient why
restraints are necessary. Restraints are then
applied and the patient is properly positioned in
either a prone or recumbent orientation. Avoid
placing patients in the supine position as this is
uncomfortable and increases the risk of aspiration.

Physical restraints are usually only a bridge to
chemical restraint. The goal of chemical restraint
is rapid tranquilization. Two classes of drugs are
used in the ED for chemical restraint: antipsy-
chotics and anxiolytics. It is important to be
familiar with the use of these medications in
the emergency setting. Cooperative patients
should be offered oral medications as first-line
agents. Traditionally, antipsychotics (known as

neuroleptics) are the preferred first-line agent
for controlling the agitated or violent patient.
Haloperidol (Haldol) is the most common
antipsychotic used in the ED for rapid chemical
control of the agitated patient. The recom-
mended adult dose is 5-10mg IV, which is not
approved by the Food and Drug Administration
(FDA) but is generally accepted as safe, or intra-
muscular (IM), repeated every 15-30 minutes
until sedation is achieved. Haloperidol is a “low-
potency” antipsychotic. It is associated with
increased risk of extrapyramidal symptoms (EPS)
that include dystonia (acute torticollis, oculogyric
crisis and opisthotonos), akathisia, pseudoparkin-
sonism and tardive dyskinesia in the case of
chronic use. The incidence of EPS is low and
occurs <1% of the time. EPS typically responds
to anticholinergic medications, such as diphen-
hydramine 25-50 mg PO/IM/IV and benztropine
1-2mg PO/IM/IV. “High-potency” antipsy-
chotics, such as chlorpromazine, are associated
with lower rates of EPS but have a higher inci-
dence of prolonged sedation, cardiovascular tox-
icity, and orthostatic hypotension, making them
poorly suited for controlling the acutely agitated
patient. Risperidone and olanzapine are newer
“atypical” antipsychotics that are available in an
oral formulation.

The FDA recently approved the atypical
antipsychotic ziprasidone for IM injection to rap-
idly control agitated behavior and psychotic
symptoms in patients with acute exacerbations
of schizophrenia. To date, no studies in the ED
setting have compared haloperidol and ziprasi-
done. Ziprasidone has been shown to have a
greater capacity to prolong the QT interval com-
pared to haloperidol.

Droperidol, formerly a favorite medication
of many emergency physicians, has received a
“black box” warning by the FDA due to its
potential to precipitate torsades de pointes in
patients with underlying QT prolongation. One
study estimates the incidence to be 4/1100. It is
important to note that many of the antipsy-
chotics can precipitate torsades. Antipsychotics
should not be used in pregnant or lactating
females, phencyclidine overdose or anticholiner-
gic-induced psychosis.

Anxiolytics may be used as single-line agents
(especially when drug or alcohol intoxication or
withdrawal is suspected) or as an adjunct to
antipsychotics for control of the violent patient.
Benzodiazepines are the anxiolytics of choice in
this situation — especially those with rapid onset
and short half-lives. Lorazepam is one mainstay
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and can be given at a dose of 1-2mg PO/IM/IV
every 30 min. Numerous studies have shown that
anxiolytics decrease the dosage requirements of
antipsychotic agents when they are used in con-
junction. Patients require lower doses of medica-
tion and the incidence of EPS is lower. “HAC” is
a commonly used ED mnemonic for Haldol
(5mg), Ativan (2mg) and Cogentin (1 mg). This
combination of medication can be given as a sin-
gle IM injection. Care should be exercised when
using multiple agents in elderly patients, as over-
sedation is a concern. Midazolam is another
short-acting benzodiazepine with very rapid
onset of action, and has been given safely at a
dose of 5mg IM.

Frequent rechecks

The medical and psychiatric evaluation or trans-
fer of a patient often takes time to complete. It is
important that patients with abnormal behavior
are frequently rechecked for over- or under-
sedation, abnormal vital signs, seizures, emesis or
respiratory compromise. Patients who are older or
those with abnormal vital signs should be moni-
tored while their disposition is being established.
Patients who are agitated may need additional
medication for sedation. Patients who are physi-
cally restrained should be frequently rechecked
for extremity trauma, aspiration, respiratory
compromise, pressure sores and skin injury.

Special patients
Elderly

Elderly patients who manifest behavioral changes
represent a special population. Alterations in
behavior have been reported to be more common
precursors of physical illness than fever, pain or
tachypnea. Urinary tract infections are often
implicated as a cause of abnormal behavior in the
elderly; thus, a low threshold should exist for
obtaining a urinalysis. If the ED evaluation of an
elderly patient is unrevealing, yet a concern for
an underlying medical problem remains, the
patient should be admitted to a medical floor for
further observation and evaluation.

Pediatric

In a national review by Sills, it is estimated that
there are over 400,000 pediatric mental health
visits annually, accounting for 1.6% of all ED visits

by individuals under 18. Unspecified neurotic
state was diagnosed in 13.1% of patients, depres-
sive disorder in 12.9%, anxiety state in 11.4% and
psychosis in 10.8% of patients. Nearly 14% of the
patients were seen for suicide attempts. The World
Health Organization estimates that by the year
2020, childhood psychiatric disorders will become
one of the top five causes of morbidity, mortality
and disability among children. Over the past few
decades an increasing number of children have
been prescribed psychoactive medications.

There is a higher incidence of ingestions and
psychiatric illnesses in pediatric patients with
abnormal behavior than adults. When a child with
a psychiatric illness presents to the ED, there is
often a breakdown of the family’s support system.
It is important to attempt to uncover what is not
working smoothly in the home situation. Further-
more, school, work, or social stressors may be even
more challenging without a supportive home
environment.

Suicide is currently the fourth leading cause
of death in children 10-14 years of age and the
third leading cause in children 15-19 years old. A
retrospective study by Porter demonstrated that
adolescents with somatic complaints were infre-
quently screened for depression in the ED. ED
visits provide an opportunity to intervene in
children at risk for major depression or suicide.

Pediatric and adolescent patients requiring
admission for psychiatric evaluation and treat-
ment typically go to specialized facilities that deal
only with pediatric patients. There is a nationwide
shortage of pediatric psychiatric beds, which often
results in pediatric patients experiencing extended
stays in the ED.

Immune compromised

Patients who are immunocompromised may
not demonstrate abnormal vital signs even with
serious medical illness. This is frequently demon-
strated in patients with AIDS. In patients with a
history of HIV, it is important to determine the
history of any AIDS-defining illness. The patient
and any medical records should be queried for
recent lymphocyte counts. A low threshold for
diagnostic testing should be maintained. Patients
with HIV are susceptible to CNS infections such
as toxoplasmosis, cytomegalovirus (CMV), herpes
encephalitis, cryptococcal and bacterial meningitis
or CNS lymphoma with minimal focal neurologic
findings. For this reason, any immunocompro-
mised person with abnormal behavior, even if
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afebrile, should have a CT scan of the brain as
part of the medical work-up before a lumbar
puncture.

Disposition
Admission

Patients with underlying medical problems
require admission to the hospital for further eval-
uation and treatment. Patients with progressive
dementia may no longer be safe in their current
living situation and might benefit from a social
services evaluation or admission. Patients in
whom underlying medical pathology cannot be
safely eliminated should be admitted to a med-
ical bed for further testing. Patients who are sui-
cidal, homicidal or gravely disabled should be
placed on an emergency psychiatric hold, and be
admitted to a psychiatric facility for further eval-
uation and treatment.

Depressed patients who do not actively
endorse suicidal ideation can be difficult to dis-
position. One mnemonic and scoring system for
the assessment of suicide risk is SAD PERSONS
(Table 10.7). Scores of <6 are associated with low
risks of suicide, while scores >6 represent a
higher risk of suicide and warrant hospitaliza-
tion. Caution is warranted in any patient
with the possibility of suicidal behavior, and
liberal use of consulting psychiatric services is
recommended.

Table 10.7 SAD PERSONS: Assessment for suicide risk

Sex: Male 1 point
Age: <19, >45 years 1 point
Depressed 2 points
Previous suicide attempt 1 point
Ethanol or any substance 1 point
Rational thinking absent 2 points
Separated or divorced 1 point
Organized suicide plan 2 points
No social support 1 point

Stated future attempt 2 points

Consultation

Maintain an on-call list of psychiatric care
providers at your hospital who are available to
evaluate and treat patients with psychiatric emer-
gencies. Attempts should be made at contacting
the patient’s primary psychiatrist, psychologist
or therapist to assist with the disposition. When
contacting a psychiatric care provider, be certain

to relay the events leading up to the ED visit, all
treatment rendered in the ED, and the status of
the “medical clearance.”

Transfer

Depending on the hospital, patients requiring
involuntary or voluntary psychiatric admission
may have to be transferred to a psychiatric care
facility after the medical screening examination
has been completed. It is important that physician-
to-physician communication occurs prior to
transfer, and for the staff to confirm bed avail-
ability. Furthermore, it is never appropriate to
allow a family member or taxi service to transfer
a patient for involuntary psychiatric admission.
Caution should be used for transfer arrangements
for voluntary psychiatric admissions as well.

Observation/discharge

Most patients with abnormal behavior will not
be released unless they are observed for an
extended period in the ED. Patients who are dis-
charged should have emergency medical and
psychiatric causes of their abnormal behavior
excluded. Family members or a responsible
adult (preferably with transportation) should be
involved in the discharge process. Patients suf-
fering from mild drug ingestions or alcohol
intoxication are frequently discharged from EDs
after observation. In addition, patients with a sta-
ble psychiatric condition may be discharged if
they are not suicidal (danger to self), homicidal
(danger to others), or gravely disabled. In this sit-
uation, speaking directly with the patient’s pri-
mary mental health provider is always preferred.
Patients who are discharged should have intact
support networks, a safe place to stay, and reli-
able follow-up, preferably arranged prior to dis-
charge. Next day appointments or contact from
the patient’s psychiatrist or therapist is most
desirable.

Pearls, pitfalls, and myths

e Limited history from limited sources

e Incomplete review of systems

* Incomplete review of medications without
considering drug—drug interactions or
adverse effects

¢ Failure to document vital signs

¢ Failure to address abnormal vital signs
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Limited or incomplete physical examination,
including neurologic

Unreasonable assumption of psychiatric
illness without considering medical or
traumatic etiologies or ingestion and
intoxication.
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11 Allergic reactions and anaphylactic syndromes

Steven Go, MD

Scope of the problem

In the emergency department (ED), it is not
uncommon to compare the pain of minor proce-
dures to a “bee sting.” However, the estimated
prevalence of acute anaphylactic reactions to
insect stings is as high as 0.8% of the US popula-
tion, resulting in about 40 deaths annually. In the
broader scheme, anaphylaxis from any cause has
been estimated to occur at rates as high as 1 in
every 3000 patients, with 500 deaths per year in
the US. Despite the predominantly subtle presen-
tations, lethal allergic reactions do occur. Failure
to rapidly diagnose and treat these conditions
will likely result in untoward outcomes. Therefore,
it is imperative that emergency physicians have
a solid understanding of allergic reactions and
anaphylaxis. It is important to remember that
the symptoms of allergic reactions occur on a
spectrum — from mild cases of pruritis to cardio-
vascular collapse.

Pathophysiology

The term “anaphylaxis” comes from the Greek
words for “against” and “protection.” The mech-
anism begins when the body produces
immunoglobulin E (IgE) during initial exposure
to an antigen. On subsequent exposure, IgE binds
to mast cells, causing release of vasoactive
products. These products, histamine being chief
among them, lead to smooth muscle spasm,
bronchospasm, mucosal edema, angioedema,
and increased capillary permeability. Such reac-
tions are generally immediate; however, it has
been suggested that mast cells or basophils can
also release new mediators in a delayed fashion,
which results in a second phase of symptoms.

Anaphylactoid reactions are syndromes that
present as anaphylaxis, but not through an IgE-
mediated mechanism. In addition, they often do
not require a prior exposure to the antigen. From
a practical perspective, however, anaphylaxis
and anaphylactoid reactions are often clinically
indistinguishable, and will therefore be addressed
together as anaphylactic syndromes.

Inciting causes of anaphylactic syndromes are
legion, including but not limited to insect bites

and stings, food exposure, medications (especially
by parenteral administration), latex exposure,
exercise (with or without concurrent food expos-
ure), seminal fluid, and idiopathic factors.

History

Although history is important in confirming both
the diagnosis and etiology of acute allergic syn-
dromes, it is vital to remember that the length of
the history must be proportional to the stability
of the patient.

Do you have trouble breathing or talking?

As always, airway management must take top pri-
ority. In allergic syndromes, airways can be com-
promised by angioedema, and the sometimes brief
window of opportunity for securing the airway
may close rapidly. If impending airway collapse is
not quickly recognized by the emergency physi-
cian, a bad outcome is almost certain to follow. An
affirmative nod to this question requires immedi-
ate transfer to a monitored area of the ED, where
airway emergencies can be adroitly handled.

When did the symptoms start and how long
have they been going on?

The symptoms of anaphylaxis typically start
within seconds to minutes of exposure to the
offending antigen; however, they may start as
late as 24hours after exposure. In general, the
sooner symptoms appear after exposure, the more
severe the clinical course. The possibility of a
biphasic response, where severe symptoms recur
up to 8hours after the initial symptoms resolve
(in about 20% of treated patients) has been
described in the literature. Persistent anaphylac-
tic reactions consist of continual symptoms for
5-32 hours despite medical therapy.

Do you have any known allergies? Any new
exposures? Has this happened before?

Identification of the inciting antigen is not
always possible, but should be attempted in order
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to discontinue exposure to that antigen (e.g., new
make-up, perfume, topical medication). Previous
incidents and known allergies may provide a clue
to the etiology of the current attack or point to
specific cross-reactivities that may exist (i.e., peni-
cillins and cephalosporins). Frequent previous
incidents may identify carcinoid syndrome, her-
editary angioedema, or factitious anaphylaxis.

What were the surrounding events when the
symptoms occurred?

If the symptoms occur in conjunction with the
introduction of emotional stress, a vasovagal
reaction may be suspected. If the symptoms begin
during or shortly after a meal, a potential food
antigen is possible. Since restaurants do not
generally disclose the precise ingredients in their
dishes, many patients may not realize they have
consumed foods that they know cause them
problems. Anaphylaxis can occur in conjunction
with vigorous exercise, especially in conditioned
athletes in adverse climates.

Has anyone in your family had symptoms
like this before?

If affirmative, hereditary angioedema should be
suspected. Many antigens and exposures cause
difficulty for an entire family.

Table 11.1 Symptoms and signs of anaphylactic syndromes

Presentation Symptoms

Airway edema Sensation of throat tightness,
dysphagia, dysphonia

Angioedema Swelling without pruritis

Bronchospasm Dyspnea, chest tightness

Distributive shock
anxiety, weakness, confusion

Gastroenteritis Nausea, vomiting, diarrhea,
bloating, abdominal cramping
Increased Rhinorrhea, bronchorrhea,
secretions increased lacrimation
Urticaria Pruritis or tingling, rash or

swelling, flushing

Dizziness, syncope, near-syncope,

Associated symptoms

Anaphylactic syndromes can present in various
ways (Table 11.1). Increased vascular permeabil-
ity can appear as urticaria, angioedema, and is
sometimes preceded by a feeling of flushing and
warmth. Laryngeal edema can quickly lead to
airway compromise and may present with stri-
dor, hoarseness, a feeling of airway obstruction,
and dysphagia. Nasal congestion can further
hamper respirations. Bronchospasm presents
with dyspnea, wheezing, and “tightness” in the
chest. Hypotension can present with syncope or
dizziness, which are sometimes harbingers of vas-
cular collapse. Other associated symptoms include
gastrointestinal (GI) symptoms such as nausea,
vomiting, abdominal pain, and diarrhea, which
may sometimes be bloody. Signs and symptoms
of shock may be present in severe cases. Uterine
muscle contractions can cause pelvic cramping,
and in pregnancy, miscarriage. In anaphylaxis,
any of these symptoms can be present, either
together or in isolation. Skin findings are present
in up to 90% of cases. However, the absence of
skin signs in no way rules out the presence of an
anaphylactic syndrome.

Past medical

Patients with a history of cardiac or pulmonary
disease are at greater risk of death. Patients tak-
ing B-blockers who develop anaphylaxis are

Signs

Respiratory distress, stridor, muffled voice or
hoarseness, coughing, sneezing, nasal congestion

Edema: especially of face, eyelids, lips, tongue,
uvula, eyes, hands, and feet

Wheezing, coughing, retractions, tachypnea
Hypotension, tachycardia

Diffuse abdominal pain without peritoneal signs.
May have normal examination

Nasal congestion, increased tracheal and bronchial
secretions. Drooling, tearing, conjunctival erythema

Raised erythematous welts of various sizes on
the skin surface. Usually pruritic
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often refractory to therapy and are at extremely
high risk.

Physical examination
General appearance

The general appearance of the patient is of crucial
importance. Patients experiencing allergic reac-
tions who appear sick are probably ill or about to
be very ill. Any difficulty speaking, respiratory
distress, or agitation should provoke immediate
treatment. An expressed fear of impending doom
is often prescient.

Vital signs

Temperature is usually normal. Cardiovascular
involvement is suggested by hypotension, tachy-
cardia, and dysrhythmias. Pulse oximetry is typ-
ically normal until airway compromise is nearly
complete; therefore, a normal reading does not
rule out airway involvement.

Integument

Inspection may reveal urticaria (Figure 11.1),
angioedema, erythema, flushing, and pruritis.
Diaphoresis and/or cyanosis indicates the pres-
ence of shock.

Figure 11.1
Urticaria. Courtesy: Steven Shpall, MD.

Head and neck

Inspection may reveal swelling of the eyelids,
lips (Figure 11.2), tongue, and oral mucosa. Lip
or facial cyanosis indicates severe respiratory

compromise. The presence of drooling, the inability
to manage secretions, and the size and appearance
of the uvula and tongue should all be noted. The
posterior oropharynx should be inspected for
patency. A hoarse or muffled voice signals potential
airway compromise, as does dysphagia. Stridor
should be identified. Eye itching, conjunctival
injection, and tearing can occur. Nasal congestion,
rhinorrhea, and sneezing may also be present.
Observing the patient’s Mallampati classification
(Figure 2.8) may be useful in helping determine
what type of airway stabilization method is
appropriate if acute airway compromise occurs,
but its role in the management of anaphylaxis
has not been clearly delineated in the literature.

Figure 11.2
Angioedema involving the upper lip. Courtesy: Leland
Robinson, MD and Steven Go, MD.

Lungs

Wheezing indicates bronchospasm if enough air-
flow is present to wheeze. A quiet chest is an even
more dangerous sign because it indicates severe
compromise of the patient’s ventilatory status.
Increased respiratory effort is also dangerous.

Heart

Tachycardia is most common, but other dysrhyth-
mias may be present.

Abdomen

Crampy abdominal pain as a result of edema,
smooth muscle contraction or vascular engorge-
ment can be present. However, true peritoneal
signs should not be present. Tenesmus can also
occur.

Primary Complaints 173

sawoipuAs anoejAydeue pue suoioeal 21619y



sawoipuAs anoejAydeue pue suonoeal 21649]|y

Extremities

Patients with anaphylaxis commonly have a
rapid, weak, thready pulse. Cyanosis of the nail
beds occurs with severe respiratory compromise.

Neurologic

Altered mental status, agitation, lightheaded-
ness, or unconsciousness are signs of a severe
reaction. Seizures are uncommon, but may occur.
Otherwise, the neurologic examination should
be normal.

Differential diagnosis

There are numerous entities that can mimic ana-
phylaxis. It can be very difficult to differentiate
them in the acute phase. Therefore, clinical syn-
dromes that appear to be anaphylaxis should be
treated as anaphylaxis until proven otherwise
(Table 11.2).

Diagnostic testing

Diagnostic testing is of little utility in the emer-
gent diagnosis and management of anaphylactic
syndromes in the ED.

Laboratory studies

Serum histamine and tyramine levels have been
mentioned in the literature to possibly confirm
the diagnosis of anaphylaxis. However, hista-
mine has an extremely short half-life; therefore, a
meaningful level is difficult to measure. More
importantly, these tests are more appropriate to
confirm the diagnosis after the patient has been
stabilized. They should play no role in determin-
ing whether to suspect anaphylaxis or to treat it.

Electrocardiogram and radiologic
studies

Electrocardiogram (ECG) and radiologic studies
are generally nonspecific. Confirmational skin
testing is beyond the scope of emergency medicine.

General treatment
principles

The guiding treatment principle is to rapidly
determine that the patient needs treatment.
Anaphylaxis often occurs without warning, and

a delay in appropriate therapy may prove fatal.
Therefore, a high level of suspicion must be
maintained. In addition, for obvious reasons,
there are few prospective controlled trials for the
treatment of anaphylactic shock. Therefore, it
should be remembered that the treatment recom-
mendations in the literature are largely based on
anecdotal clinical experience.

Although the following treatment strategies
should occur simultaneously, it is helpful to con-
ceptualize them in a few basic categories.

Antigen removal

If the inciting antigen is still present (e.g., the
stinger of a bee, article of clothing), it should be
removed promptly.

Epinephrine administration

Epinephrine administration is the cornerstone of
treatment. It should be given when anaphylaxis
is suspected. The usual dose of epinephrine is
0.3-0.5mg of 1:1000 solution given subcuta-
neously (SC) or intramuscularly (IM). The IM
route has been touted as being the more effica-
cious. Some experts have even recommended
intravenous (IV) administration, but given the
potential hazards of this route (e.g., dysrhyth-
mias, myocardial infarction, cerebral vascular
events, organ ischemia) and the lack of conclu-
sive advantages, it is probably prudent to avoid
the IV route except in cases of cardiopulmonary
arrest. Epinephrine should be used with care in
those with known cardiac disease or pregnancy;
however, as always, the benefits of the treatment
must be weighed against its risks. Epinephrine
should be used with caution in patients on
B-blockers (see Special patients).

Airway control

The most common mistake in airway manage-
ment is the failure to recognize the need for early
airway control. For any patient with an allergic
reaction, the status of the airway must be deter-
mined, documented, and monitored closely. An
oral airway is preferable to a surgical airway, if
possible. If early laryngeal edema is present, early
elective airway control is preferable to expectant
management. By the time extreme respiratory
distress develops, achieving an airway may be
impossible. Rapid sequence intubation (RSI)
should be used with great caution in these
patients, as unseen lower airway edema may
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Table 11.2 Differential diagnosis of anaphylaxis-like syndromes

Diagnosis

Carcinoid
syndrome

Chinese
restaurant
syndrome
(MSG
symptom
complex)

Factitious
anaphylaxis

Hereditary
angioedema

Pheochromo-
cytoma

Scombroid
poisoning

Serum
sickness

Systemic
mastocytosis

Vasovagal
reactions

MCSLC

Symptoms

Recurrent episodes of flushing of the face
and neck, palpitations, facial swelling, Gl
symptoms (especially diarrhea, which can
be debilitating). Dyspnea may also occur

Proximity to eating MSG-containing foods.
Dyspnea, flushing, sweating, tightness in
the chest, burning sensation at the back

of the neck into arms and chest, headache,
nausea, palpitations, oral numbness and
burning

Anxiety present

Swelling of lips, tongue, and upper airway
with possible respiratory compromise.
Sometimes abdominal pain or non-pruritic
swelling of extremities. Often develops after
trauma (e.g., dental procedure). Lack of
antigen exposure. Family history of these
events and/or history of recurrent episodes
in the absence of antigen

Headache, sweating, palpitations, tremor,
nausea, weakness, constipation,
abdominal pain, weight loss

Exposure to fish of the Scombridae family
or related fish (tuna, mackerel, mahi-mahi,
sardines, anchovies). Rapid onset of facial
flushing, peppery taste, dizziness,
palpitations, nausea, headache, diarrhea,
abdominal pain

Fever, malaise, headache, arthralgias, Gl
symptoms, associated with urticaria occur
7-10 days after exposure to antigens

Not associated with a particular antigen
exposure

Occurs during stress (e.g., injection,
dental procedures) No pruritis. Absence
of respiratory obstruction or skin
symptoms

See specific disorder

Signs

Hypotension, no urticaria.
Facial edema, malar
telangiectasia, flushing,
wheezing. May hear murmur
if cardiac involvement

Wheezing, flushing,
hypotension, and
dysrhythmias can occur.
True anaphylaxis may
occur

No objective signs of
anaphylaxis

Angioedema is usually
seen in the lips, face,

and oral mucosa. Absence
of urticaria or pruritis

Hypertension, fever,

weight loss, pallor, tremor,
neurofibromas, café au lait
spots, tachydysrhythmias

Diaphoresis, facial rash,
urticaria, edema, abdominal
tenderness. Respiratory
distress, tongue swelling,
blurred vision, and vaso-
dilatory shock may occur

Fever, rash (may be scarlati-
niform, urticarial, morbilliform,
or polymorphous) lymph-
adenopathy, arthritis,
arthralgias. Rarely cardio-
pulmonary involvement

Presents as anaphylaxis
Slow, strong, steady pulse.
Blood pressure normal or
elevated. Skin cool. Pallor

without cyanosis

See specific disorder

Workup

Increased serum and urine
levels of serotonin
metabolite, 5-HIAA

History. No definitive test.
Symptoms typically
resolve in 2 or 3 hours

History and examination.
Diagnosis of exclusion.
Munchausen’s anaphylaxis
is true anaphylaxis that the
patient causes surreptitiously

Decreased C1-esterase
inhibitor levels. Decreased
serum C4. Fiberoptic
laryngoscopy may reveal
upper airway edema

Elevated levels of urine
catecholamines. Hyper-
glycemia, hypercalcemia,
erythrocytosis

Elevated level of urine
histamine. FDA analysis
of tainted fish. Typical
resolution of symptoms in
within 810 hours

Elevated sedimentation
rate. Possible elevated
creatinine. CBC with
eosinophilia. Depressed
complement levels

No available test to differ-
entiate from anaphylaxis
Monitoring and ED

observation. Symptoms
relieved by recumbency

See specific disorder

CBC: complete blood count; ED: emergency department; FDA: Food and Drug Administration; Gl: gastrointestinal;
5-HIAA: 5-hydroxyindoleacetic acid; MCSLC: miscellaneous causes of sudden loss of consciousness (i.e., seizure,
cardiac dysrhythmias, pulmonary embolism, foreign-body aspiration); MSG: monosodium glutamate.
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preclude an oral endotracheal airway. In such
cases, giving paralytics would be unwise. If imme-
diately available, fiberoptic intubation may be a
safer option. In any event, equipment and person-
nel necessary for the establishment of an emer-
gent surgical rescue airway should ideally be
close at hand when managing the airway.

Ventilatory support

Any component of bronchospasm should be
treated with bronchodilators, supplemental oxy-
gen, and corticosteroids. Arterial blood gases
may be useful in determining the level of ventila-
tory compromise, although the decision to intub-
ate for ventilatory compromise remains largely a
clinical one.

Circulatory support

Fluid resuscitation with normal saline or colloid
should be given for hypotension and other signs
of shock. Large quantities may be required to
maintain a satisfactory blood pressure. Central
venous pressure monitoring may be helpful in
guiding therapy. For refractory cases, vasopres-
sors such as norepinephrine may be required.
The patient should be kept recumbent until blood
pressure stabilizes.

Secondary medications

Antihistamines can be useful in treating cuta-
neous manifestations of allergic reactions, but
there is debate regarding their efficacy in acute
anaphylaxis. Therefore, they should be viewed
as adjunctive treatments to epinephrine and
fluids in this circumstance. It has been shown
that in acute allergic urticaria, the addition of H,-
blockers to Hj-antagonists results in improved
outcomes (resolution of urticaria, with or without
angioedema) in patients compared with treatment
with H;-blockade alone.

Corticosteroids likely have no benefit in the
acute phase of anaphylaxis, given their delayed
onset of action. However, they may reduce the
possibility of a biphasic reaction. Therefore, they
should probably be given early to all patients,
unless contraindications exist.

Aminophylline has traditionally been thought
to be useful in treating bronchospasm, stimulating
respiratory drive, augmenting cardiac contrac-
tions, and promoting diaphragmatic contractility.
However, the utility of this medication in the
emergency treatment of acute bronchospasm has

been questioned in the literature, and its use
remains controversial.

Norepinephrine and glucagon may be useful
in refractory hypotension. Glucagon may be par-
ticularly useful in hypotensive patients taking
B-blockers.

Special patients
Taking p-blockers

B-blockers are proallergenic, and also amplify
the production of anaphylactic mediators which
potentiate the severity of allergic reactions. -
blockers may also blunt the usually favorable
response to epinephrine treatment. Glucagon may
be useful in treating hypotension in anaphylaxis
patients who are taking B-blockers. In addition,
these patients may develop severe hypertension
upon epinephrine administration, secondary to
unopposed a-adrenergic effects. Dysrhythmias
may also occur. Adverse reactions may also occur
during epinephrine therapy in patients who are
using tricyclic antidepressants or monoamine oxi-
dase inhibitors. Epinephrine should be used at
reduced dosages in these cases, and phentolamine
(to treat hypertension) and lidocaine (to treat
dysrhythmias) should be readily available.

Resistant bronchospasm

Resistant bronchospasm may occur in patients
who are taking B-blockers. Sometimes higher
than usual dosages or frequency of bronchodila-
tors (B-agonists and anticholinergics) are neces-
sary for these patients. Inhaled epinephrine may
be useful when SC epinephrine fails to relieve
bronchospasm. Other therapies mentioned in the
literature include IV magnesium, vitamin C,
naloxone, atrial natriuretic factor, and glucagon;
however, evidence of benefit for these medica-
tions is inconclusive.

Disposition

Much like treatment, disposition recommenda-
tions in the literature are generally based on clin-
ical experience.

Patients with mild allergic reactions limited to
peripheral cutaneous findings (not involving the
airway) without evidence of anaphylaxis may be
treated symptomatically and discharged with
careful follow-up instructions, including avoid-
ance of the inciting antigen.
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Patients with more severe reactions (e.g.,
mucosal swelling, wheezing), but without evidence
of shock should be treated aggressively, and
observed for at least 8 hours. If the patient makes
a prompt recovery without complications and
remains asymptomatic, he may be safely dis-
charged with cautionary discharge instructions,
corticosteroids to prevent a late-phase reaction,
and close follow-up. In the absence of con-
traindications, patients should also be given a
prescription for an epinephrine injector and
instructions on how to use it. However, the sub-
set of these patients with significant pre-existing
comorbidities (e.g., advanced age, cardiopul-
monary disease) should probably be admitted
for observation. In addition, some experts suggest
admitting any patient who requires multiple doses
of epinephrine, regardless of response to therapy.

All other patients with anaphylactic syndromes
should be admitted for observation.

Table 11.3 Anaphylactic syndrome drug dosages

Drug Adult dose

Parenteral adrenergic agents

For all discharged patients, the prevention of
future allergic reactions should be stressed. The
patient should be urged to remove inciting anti-
gens from their environment. This may require a
physician’s note to an employer to request that
the patient be allowed to avoid a workplace anti-
gen. In certain cases, where desensitization for
unavoidable antigens may be necessary, referral
to an allergist is appropriate. Finally, the inciting
antigen (if known) should be well-documented in
the patient’s medical record, especially if the
antigen is a medication or latex.

Pearls, pitfalls, and myths
Pitfalls

¢ Failure to recognize the subtle early
presentation of anaphylaxis.

Pediatric dose

Epinephrine

Epinephrine (intravenous)
infusion

Inhaled B-agonists
Albuterol

H,-receptor blockers
Diphenhydramine (Benadryl)

H,-receptor blockers
Ranitidine (Zantac)

Cimetidine (Tagamet)
Corticosteroids
Methylprednisolone (Solu-Medrol)

Prednisone

Antidote, refractory hypotension
Glucagon

0.3-0.5mg 1:1000 solution IM
or SC q 15 minutes

0.1mg 1:10,000 solution slow
IV push

1-10 mcg/minute titrate
to effect

0.5ml 0.5% solution in 2.5 ml
NS nebulized g 15 minutes

25-50mg IV/IM q 4—6 hours
50 mg PO g 4-6 hours

50mg IV over 5 minutes
150 mg PO bid

300 mg PO/IV/IM q 6 hours

40-250mg IV/IM q 6 hours
20-60mg PO qd

1mg IV g 6 minutes until
hypotension resolves,

followed by 5—15 mcg/minute

infusion

0.01 mg/kg (minimum 0.1 ml) 1:1000
solution SC g 15 minutes

1 mcg/kg (minimum 0.1 ml) 1:10,000
solution slow IV push

0.1-1.0 mcg/kg/minute titrate to
effect

0.03-0.05 ml/kg 0.5% solution in
2.5ml NS via nebulizer g 15 minutes

1-2mg/kg IV/IM g 4-6 hours
2mg/kg PO q 4-6 hours

0.5mg/kg IV over 5 minutes
0.25-2 mg/kg/dose PO g 12 hours
(maximum of 150mg q 12 hours)

Not recommended for children

1-2mg/kg IV/IM g 6 hours
1mg/kg PO qd

Dosing not definitively established

BID: two times a day; IM: intramuscular; 1V: intravenous; NS: normal saline; PO: per os; QD: four times a day;

SC: subcutaneous.
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Failure to recognize the need for acute and
definitive airway management.

Failure to administer epinephrine early in the
patient’s treatment.

Failure to recognize the contraindications for
RSI in anaphylaxis patients.

Failure to anticipate difficulties in the
treatment of patients taking B-blockers.
Failure to observe patients for an adequate
length of time.

Failure to admit high-risk patients.

Failure to anticipate the possibility of a
biphasic allergic reaction.

Failure to appropriately administer and
prescribe corticosteroids.

Failure to counsel the patient to avoid
antigen triggers.

Failure to prescribe an epinephrine injector
for susceptible patients and to properly
instruct them regarding its use.

Myths

Patients with anaphylaxis always look sick
on initial presentation.

Airway compromise always follows a linear
time course.

Antihistamine agents are first-line treatments
for anaphylaxis.

Once patients get better, they never relapse.
If the patient does not react immediately after
exposure to an antigen, they cannot have a
significant anaphylactic reaction.
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12 Altered mental status

Barry Simon, MD and Flavia Nobay, MD

Scope of the problem

The patient with altered mental status (AMS) rep-
resents a great challenge for emergency physi-
cians: potential life threat, rapid decision-making
and astute detective work. The etiology might be
chronic or acute, life-threatening or benign,
reversible or irreversible. One of nearly a dozen
different organ systems might be implicated or
perhaps harmed by the event. The knowledge-
able, diligent emergency physician will be able to
narrow the differential to a manageable number
of diagnoses within minutes and correctly treat
the majority of patients.

Terminology

AMS is an alteration of a patient’s level of cogni-
tive (knowledge-related) ability, appearance, emo-
tional mood, and speech and thought patterns.

Level of consciousness relates to one’s level
of awareness and responsiveness to his or her
surroundings.

Lethargy is generally referred to when one is
suffering from a mild to moderate depression in
level of consciousness. It implies an abnormal
state of drowsiness or sleepiness in which it may
be difficult to arouse the patient.

Stupor is a more profound depression of
one’s level of consciousness. One might say that
stupor is an extreme form of lethargy requiring a
greater stimulus to produce a lesser degree of
arousal.

Coma is an abnormal state of deep unconscious-
ness from which a patient cannot be awakened.

Organic illness refers to impairment of normal
anatomic and/or physiological activity resulting
in impaired mental functioning. Functional illness
generally refers to a physical disorder with no
known or detectable organic basis to explain the
symptoms.

Delirium is an acute confusional state with an
organic etiology. The key to this definition is that
there is an alteration in both the level and the
content of consciousness. Unrecognized delir-
ium can result in significant morbidity and mor-
tality. If treated, it is reversible in the majority of
cases.

Dementia is an insidious deterioration of higher
cortical function with an organic etiology. In dis-
tinct contrast to delirium, affected patients will
have a normal level of consciousness. Although
acute insults and deterioration in mental status
may be reversible, underlying dementia is rarely
completely corrected.

Acute psychosis is the functional disease that
needs to be distinguished from delirium and
dementia. Loss of the ability to distinguish reality
from fantasy is the hallmark of psychosis. It can
be very difficult to distinguish an acutely psy-
chotic patient from one who is delirious.

Abulic state (akinetic mutism) is the inability to
respond or act. For example, responsiveness may
be so depressed in a patient with frontal lobe dys-
function that it may take the patient several min-
utes to answer a question.

Locked-in syndrome from destruction of pontine
motor tracts may leave the patient unable to
respond, except for the ability to move the eyes
in upward gaze.

Psychogenic unresponsiveness is a form of func-
tional, nonphysiologic unresponsiveness.

Delirium vs. dementia vs. acute
psychosis

The emergency physician must make a concerted
effort to identify patients who are delirious. The
distinction can be difficult to make but may be
critical to the ultimate well-being of the patient.
The etiologies of delirium are extensive, and
many of the causes have the potential for serious
morbidity or mortality. Distinguishing features
between these three conditions are identified in
Table 12.1.

Anatomic essentials

Arousal requires a healthy functioning reticular
activating system (RAS) and cerebral cortex. The
midbrain portion of the reticular system is the key
and may be viewed as a driving center for the
higher structures; loss of the midbrain reticular
formation (MRF) produces a state in which the
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Definition

Organic vs. functional

Onset/course

Level of consciousness
Hallucinations
Orientation

Vital signs

Table 12.1 Delirium vs. dementia vs. acute psychosis

Delirium

Acute confusional state

Organic disease

Hours to days
Fluctuating course

Altered
Visual — common
Altered

Widely variable

Dementia

Insidious deterioration
in higher cortical functions

Organic disease

Months
Progressive course

Normal
None
Altered

Normal

Acute psychosis

Loss of the ability to distinguish

reality from imaginary
Functional disease

Hours to days
Stable course

Normal
Auditory — common
Normal

Variable

and fluctuating

Miscellaneous Extreme agitation is

common
Reversible in >80%

cortex appears to be waiting for the command to
function. This ascending midbrain reticular acti-
vating system extends upward into the hypo-
thalamus to the thalamus. It is stimulated by
every major somatic and sensory pathway, directly
or indirectly. Awareness and arousal also depend
on the proper functioning of the cerebral cortex.
Unconsciousness will result if there is severe dis-
ruption of anatomic or physiologic functioning of
either the MRF or both cerebral hemispheres.
These critical structures may be compromised
by structural, chemical or infectious etiologies.
Unilateral insults to the cerebral cortex will not
result in unconsciousness unless the brainstem is
also affected.

History

What is/was the timing and course of events
since the onset of change in mental status
or level of consciousness?

A critical distinction between dementia and delir-
ium is the time course. Therefore, this is a key
question for the patient and family member(s).
Dementia is generally insidious in onset compared
with delirium, which is acute and dramatic. With
respect to acute psychosis vs. delirium, the dis-
tinction is less clear. However, patients suffering
from a state of delirium will often have a waxing
and waning course compared with the continuous
nature of functional disease.

Consider medications, thyroid
disease and infections as a
cause for exacerbations

Fixed delusions
First attack common in
patients <40 years old

What methods can the physician use to help
overcome the inability to obtain a detailed
history from the patient?

As with most medical problems, the quality of the
history will often dictate the success and timeli-
ness of the emergency department (ED) evalu-
ation. One of the major inherent difficulties in the
evaluation of patients with AMS is the inability to
get a meaningful and reliable history from the
patient. All other sources for recent and past med-
ical history must be tapped: paramedics, relatives,
friends, medic alert tag, wallet, personal phys-
ician, hospital records, pill bottles, etc. Social
services support may be critical in the search for
information about these patients. In addition to
recent history, the importance of obtaining past
medical history (including suicidal ideation/sui-
cide attempts), current medications and social his-
tory (substance abuse) cannot be overemphasized.

Physical examination
Vital signs

A thorough physical examination along with
rapid bedside tests may be more enlightening
than with many other problems that present to
the ED. The five vital signs may offer a number
of important clues. The respiratory rate and pat-
tern may suggest an intracranial pathology or an
acid-base disorder. The heart rate, rhythm, and
electrocardiogram (ECG) findings can offer a
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number of clues about toxins (digoxin, tricyclic
antidepressants (TCAs), beta blockers), metabolic
derangements (high or low calcium or potassium)
or closed head injury with deep inverted T waves.
An elevated temperature can lead one to an infec-
tious etiology or, if pathologically high (=106 °F),
may suggest heat stroke or an intracranial process.
Elevated blood pressure, a widened pulse pressure
(systolic minus diastolic pressure) and slow heart
rate (Cushing reflex) may be consistent with
elevated intracranial pressure. Pulse oximetry may
direct the practitioner to focus on causes of hypoxia
and whether or not low oxygenation relates to the
patient’s overall presentation.

Head, ears, eyes, nose and throat

There are a number of components of the general
physical examination that are particularly helpful.
Breath odor can quickly clue one to the presence of
diabetic ketoacidosis (DKA), liver failure (fetor
hepaticus) or a number of toxins, such as alcohol,
insecticides (onion odor), paint or glue, gasoline,
cyanide (bitter almonds) and arsenic (garlic). The
head needs to be examined for signs of acute or
recent trauma (hemotympanum, cephalohe-
matoma, cerebral spinal fluid (CSF) leak, Battle’s
sign, raccoon eyes) and for past surgery (shunt,
cranial defect).

Eyes

The pupillary exam is an essential part of the
physical examination, as it can provide informa-
tion about structural and metabolic abnormali-
ties. One must look for pupillary size and the
presence of asymmetry. Examining the direct
and consensual response to light will determine
the integrity of the afferent function of the optic
nerve. A unilateral dilated pupil in an altered
patient is secondary to herniation until proven
otherwise (Figure 12.1). The mass causing the
pathology is usually on the same side as the
dilated pupil, as demonstrated in the figure. In
the awake, alert patient, the only life-threatening
cause for a unilateral dilated pupil is compres-
sion of cranial nerve III by a mass such as a
posterior communicating aneurysm. There are a
number of other causes for pupillary dilation
that are not serious (traumatic mydriasis, inten-
tional or accidental topical medications, Adie’s
pupil, anisicoria). Bilateral pupillary constriction
(pinpoint pupils) may represent an opiate over-
dose or pontine lesion.

©)

Figure 12.1

(a) Photograph of patient with transtentorial herniation
from blunt head trauma. The right pupil is constricted
normally; the patient’s left pupil is fixed and dilated.

(b) lllustration of an epidural hematoma with acute
mass effect and compression of the ipsilateral

cerebral peduncle resulting in uncal herniation.
Reproduced from D. Mandavia et al, Color Atlas of
Emergency Trauma, Cambridge, Cambridge University
Press, 2003.

Primary Complaints 181

snjejs [ejusaw palaly



snje)s |ejuaw paJsdly

The fundoscopic examination is a critical, often
underutilized component of the eye examination.
Flame hemorrhages are characteristic of hyper-
tensive bleeds. Increased intracranial pressure will
produce changes associated with papilledema
(Figure 12.2), in which the disc margins of the
optic nerve are not sharp. Early, more subtle find-
ings of increased intracranial pressure include
absent venous pulsations, although this is not
specific. Eventually, the findings will include
blurred disc margins and engorged vessels.
Fundoscopic changes associated with diabetes
(neovascularization, hemorrhages, exudates) or
with methanol ingestion (optic disc hyperemia

Figure 12.2

(a) Early papilledema with disc elevation, blurring of the
margins, hyperemia, and venous engorgement in the
right eye. (b) Acute papilledema with increased elevation
and hemorrhages on the disc surface in the right eye.
Reproduced with permission from Tasman W et al. Wills
Eye Hospital Atlas of Clinical Ophthalmology, 2 ed.,
Lippincott Williams & Wilkins, 2001.

and retinal edema) may provide clues to the cause
of the patient’s altered level of consciousness.

Eye movements are generally more helpful than
commonly thought. Assuming the brainstem is
intact, most comatose patients exhibit slowly
roving eye movements. In contrast, malingering
or hysterical patients feigning coma have sponta-
neous eye movements that tend to be rapid and
rigid. It is important to note that if both eyes
cross midline, the brainstem is intact. When the
eyes are fixed in one direction, commonly they
will “look” toward the side of a hemorrhage or
away from a destructive lesion.

Eyelid tone may help to differentiate organic
disease from hysteria. Hysterical patients may
offer some resistance to the examiner’s attempt
to open the eyes. They tend to close the lids
quickly. “Fluttering” eyelids are commonly seen
in patients who are feigning unresponsiveness.
Patients with organic coma offer no resistance to
lid opening, and then close the lids slowly and
incompletely. Unilateral ptosis may be seen in
patients with a third cranial nerve palsy or when
there is disruption of the sympathetic chain in
association with a Horner’s syndrome.

The oculocephalic reflex (doll’s eyes) (Figure 12.3)
depends upon the medial longitudinal fasciculus
(MLF), which receives constant input about the
patient’s head position from the semicircular
canals. Without cortical input, the eyes are typ-
ically directed straight ahead and remain fixed in
the orbit as the head is turned. The oculocephalic
reflex is elicited by rotating the head briskly from
side to side. If the brainstem is intact, the eyes
deviate opposite to the direction of the rotation
of the head (head rotated right, eyes deviate left).
Confusion often arises because the patient’s eyes
continue to look straight ahead. In other words,
they remain focused in the same direction, possi-
bly giving one the impression that they did not
move. The examiner needs to remember that in
order for the eyes to remain fixed in a given direc-
tion when the head is turned, the eyes had to
move. Cervical spine injury must be excluded
before performing this maneuver.

Oculovestibular testing (cold calorics) (Figure 12.4)
is another underutilized ED maneuver which
can yield important clinical information about
the integrity of the brain and the brainstem. The
test is performed by positioning the patient supine
with the head elevated 30° in order to isolate the
input of the horizontal semicircular canals.
10-20cc of ice-cold water or saline are injected
into the auditory canal. Cooling of the mastoid
bone causes alteration in endolymphatic flow
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Oculocephalic reflex (Doll’s eyes).
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Figure 12.4

Oculovestibular testing (cold calorics). MLF: medial longitudinal fasciculus.

Nystagmus

Alert wakefulness

Bilateral cerebral
hemisphere dysfunction

Left MLF dysfunction

Pontine dysfunction
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within the canals. Information is then transmitted
to vestibular nuclei and pontine gaze centers,
triggering the eye movements.

If the practitioner always uses cold water and
remembers three points described in Table 12.2
and Figure 12.4, the examination can be extremely
helpful.

Table 12.2 Cold calorics

Response Interpretation

Both eyes deviate, Patient is not comatose
nystagmus (slow phase

toward stimulus, fast

back to midline)

Coma, but intact
brainstem

Both eyes tonically deviate
toward cold water

No eye movement or
movement only of eye
ipsilateral to the
stimulus

Brainstem damage
Internuclear
ophthalmoplegia (brain-
stem structural lesion)

Neck

The neck must be examined for the presence of
nuchal rigidity (meningismus) that often occurs
when the meninges become inflamed by blood
or infection. Thyroid or parathyroid disease may
be the cause for an alteration in mental status or
level of consciousness. The neck should be exam-
ined for an enlarged thyroid or the presence of a
surgical scar suggesting previous thyroid or
parathyroid surgery.

Pulmonary

Hypoxia and hypercarbia are uncommon causes
of an altered level of consciousness. However,
findings consistent with severe lung disease and
respiratory distress should raise consideration
for these entities. One must look for the barrel
chest of the patient with emphysema, wheezing
and a prolonged expiratory phase in patients
with obstructive lung disease, and for evidence
of consolidation in those with pneumonia.

Cardiac

The cardiovascular system is rarely the primary
source for mental status changes. Yet dysrhythmias,

valvular heart disease and severe heart failure
can be implicated. The heart should be examined
for the presence of an irregular rhythm and for
extra heart sounds including an S3, murmurs
and/or rubs.

Abdomen

A thorough abdominal examination should
be performed to look for signs of infection,
organomegaly, mass or obstruction. Any cause of
abdominal infection can lead to an alteration
in consciousness, especially in elderly patients.
Localized tenderness, absent bowel sounds,
rebound tenderness and rigidity are all signs of a
serious intra-abdominal infection. Liver failure is
a common cause of altered consciousness. An
enlarged liver or a small, hard nodular liver may
be noted during examination. Late findings of
catastrophic abdominal processes such as pan-
creatitis and ruptured abdominal aortic aneurysm
include periumbilical ecchymosis (Cullen’s sign)
and flank ecchymosis (Grey Turner’s sign).

Rectal

Rectal examination may identify a mass sug-
gestive of a malignancy or melena associated with
an upper gastrointestinal bleed.

Skin

The skin is an often underappreciated component
of the physical examination. Signs of local or sys-
temic disease may be found. Skin temperature and
state of hydration offer clues about infection, blood
sugar (moist with low glucose and dry with ele-
vated blood glucose) and some toxins (cholinergic
and anticholinergic agents). The brow covered
with “uremic frost” may suggest renal disease.
Spider angiomas, palmar erythema and jaundice
may be present in patients with long-term liver
disease. Hypothyroid patients will often develop
coarse dry hair, thinning of the lateral aspect of the
eyebrows and dry, rough, pale skin. Needle tracks,
petechiae and other rashes may often be signifi-
cant clues of underlying disease processes.

Neurologic

The neurologic examination for patients with
AMS must be thorough. This part of the exami-
nation begins with observation. Automatisms
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Table 12.3 Progressive brainstem dysfunction — rostral caudal progression with increasing pressure

Level of lesion Respiratory pattern

Early brainstem
compression

Cheyne-Stokes

Midbrain and upper
pons

Pons and upper
medulla

Quiet respirations — normal rate

Medulla

(involuntary acts carried out as protective mech-
anisms) such as yawning, hiccups, sneezing and
swallowing may be present with brainstem or
frontal lobe pathology. Respiratory patterns
(central neurogenic hyperventilation, apneustic,
Cheyne-Stokes, ataxic) are suggestive of lesions at
various levels of the brainstem (Table 12.3). The key
is to recognize an abnormal respiratory pattern,
not remembering the exact level of the brainstem
that may be implicated. Body posture is also
important, and will be discussed in the section on
the motor examination.

Mental status assessment

Glasgow Coma Scale (GCS): This is a fifteen point
scale developed to assess head-injured patients;
however, it is commonly used to communicate the
mental status of a patient or compare the mental
status of a patient at different periods of time. The
lowest score you can receive is three. The score is
calculated by assigning the number associated
with the patient’s best response (Table 12.4).

Table 12.4 Glasgow coma scale

Eye Verbal Motor
4 Spontaneous 5 Oriented 6 Obeys
3 Command 4 Confused 5 Localizes
2 Pain 3 Inappropriate 4 Withdraws
1 None 2 Incomprehensible 3 Flexion
1 None posture
2 Extension
posture
1 None

Central neurogenic hyperventilation

Slow irregular respirations leading to apnea

Other

Small but reactive pupils
Plantar reflex becomes extensor

Dilated nonreactive pupils
Will see spontaneous decerebrate
posturing

Loss of Doll’'s eyes + Cushing reflex
No response to painful stimuli

Widely dilated, fixed pupils, hypotension

AVPU: This simplified 4-part scale is used to
describe the patient’s level of consciousness
(Table 12.5).

Table 12.5 AVPU

A Awake and aware

V  Responds to verbal stimuli

P Responds to noxious stimuli (Noxious is defined
as stimulus that is potentially or actually damaging
the body tissue. Typical maneuvers used in the
ED include forcefully grinding the knuckles of one’s
fist into the sternum or squeezing two toes together
while a firm object is wedged between them)

U Unresponsive

Orientation assessment: Person, place and time.
Memory: Test short-term memory by asking the
patient to remember three common objects and
recall them 3 minutes later.

Specific mental status examinations: Two tests have
been developed and studied to assist non-
psychiatrists in the evaluation of mental status.
Both tests are easy to perform and are accurate
with a high degree of interobserver reliability.
The mini-mental status examination (MMSE) is
an excellent test, but is geared mostly toward the
evaluation of dementia and content of thinking.
The best bedside test looking for the presence of
delirium is the confusion assessment method
(CAM).

The astute physician will perform the CAM
while observing the patient’s responses during the
history and physical examination. The practitioner
needs to pay attention to the patient’s thinking,
communication skills and level of consciousness to
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complete the assessment. The patient is considered
delirious if he or she has an acute onset illness
with a fluctuating course, disorganized thinking or
altered level of consciousness, and easy dis-
tractability. Being easily distracted refers to the
patient who interrupts the history and physical
examination by striking up a conversation with
other patients or health care providers, or by
changing the focus to items on the walls, etc. The
patient with disorganized thinking will communi-
cate with disconnected sentences or will change
topics from moment to moment, making it difficult
or impossible to follow the line of thinking.

CAM: To diagnose delirium:

1. Acute onset with a fluctuating course and
2. Easily distracted, inattentive
And
3. Altered level of consciousness or
4. Disorganized thinking.

A positive test includes numbers 1 AND 2 plus
number 3 OR 4.

Cranial nerves (CNs) must be tested as part of a
thorough neurologic examination. Portions of
this examination were completed during the
evaluation of the eye. The other CNs must be
tested to complete the examination and help
localize any lesions that may be present.

Motor /sensory testing is performed to look at
tone, focality, and for signs of herniation. Deter-
mining the extent or severity of alteration of con-
sciousness is aided by evaluating motor responses
to verbal and painful stimuli. Purposeful move-
ments indicate a functioning brainstem and cere-
bral cortex. Posturing may be apparent in the
presence of a diffuse metabolic or toxic insult or
secondary to herniation. Decorticate posturing (flex-
ion of arms and hyperextension of legs), decere-
brate posturing (arms and legs extended and
internally rotated), or both may occur as hernia-
tion progresses, or both may occur as herniation
progresses. Assessment of motor tone may be
helpful by suggesting an acute cardiovascular
accident (CVA) or cord injury if tone is absent.
Focality identified on the motor or sensory exam-
ination may help identify the level of a cord lesion
or confirm that the insult is in the brain. Tone
may be increased by the presence of various tox-
ins or neuroleptic malignant syndrome (NMS).
Keep in mind that severe hypothermia, massive
overdose of sedatives or hypnotics, hypoglycemia
and the postictal state can mimic structural neu-
rological diseases.

Reflexes may be helpful to localize the level
of lesion or to place the insult in the central or the
peripheral nervous system. Symmetry of respon-
siveness is the key to assessment of deep tendon
reflexes. The plantar (Babinski) reflex becomes
abnormal in many patients with upper motor
neuron pathology, especially related to the corti-
cospinal tracts. The response is abnormal if the
big toe dorsiflexes and the other toes fan out-
ward. This response is also significant if it is pre-
sent and asymmetric.

Differential diagnosis

During the evaluation of patients with AMS, the
process of generating and eliminating diagnostic
possibilities evolves. The diagnostic possibilities
are so numerous and broad that even experi-
enced practitioners need to be organized and
systematic in their approach. It is imperative to
develop a process that works for you and to use it rou-
tinely. Many physicians like to use mnemonics
to help them focus the broad differential. One
commonly-used mnemonic for the altered patient
is AEIOU TIPS (Table 12.6). Start from the head
and progress down the body, considering diag-
nostic possibilities that may be associated with
each anatomic part and system as they are encoun-
tered. The head-to-toe approach is intuitive, sim-
ple to remember and apply, and is nearly 100%
inclusive (Table 12.7).

Table 12.6 Mnemonic for ALOC differential diagnosis

AEIOU TIPS

Alcohol, other toxins, drugs
Endocrine, electrolytes
Insulin (diabetes)

Oxygen, opiates

Uremia (renal, including HTN)
Trauma, temperature
Infection

Psychiatric, porphyria

» 9= dco=m2>

Subarachnoid hemorrhage, space-occupying
lesion

ALOC: altered level of consciousness;
HTN: hypertension.
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Table 12.7 Differential diagnosis of altered mental status

Head

1. Supratentorial

(a) Unilateral hemispheric disease with herniation
— Abscess
— Hemorrhage (including traumatic)
— Infarction
— Tumor (primary or metastatic)

(b) Concussion/contusion

(c) Meningitis/encephalitis

(d) Seizure (postictal period)/
nonconvulsive status

(e) Subarachnoid hemorrhage

(f) Cerebral vascular accident

(g) Wernicke’s encephalopathy

(h) Functional (psychiatric)

2. Infratentorial

(a) Basilar artery occlusion

(b) Brainstem tumors

(c) Cerebellar hemorrhage

(d) Pontine hemorrhage

(e) Traumatic posterior fossa hemorrhage

Mouth

1. Odors — burns
2. Toxins — medications
3. Toxins — drugs

(a) Alcohols

(b) Anticholinergics
(c) Anticonvulsants
(d) Barbiturates
(e) Carbon monoxide
(f) Cyanide
(g) Hallucinogens
(h) Heavy metals
(i) Opiates
() Phenothiazines
(k) Salicylates
() Sedative/hypnotics
(
(

==

m) Sympathomimetics
n) Tricyclic antidepressants

Neck

1. Thyroid disease
(a) Hyperthyroidism (thyroid bruits, tender goiter,
tender neck mass)
(b) Hypothyroidism (goiter)
(c) Post-operative endocrinopathies

Chest/heart

Hypoxia

Hypercarbia

Congestive heart failure (CHF)
Pulmonary emboli

Murmurs

Rhythm disturbances

QoA wN

Abdomen

1. Liver — Hepatic encephalopathy

2. Kidney — Renal insufficiency and electrolyte
abnormalities

3. Adrenal insufficiency (endocrinopathies)

4. Pancreas (diabetes — hyper- or hypoglycemia)

5. Peritonitis
(a) Choleycystitis
(b) Appendicitis
(c) Spontaneous bacterial peritonitis
(d) Perforated viscus

Abdomen — vascular

1. Mesenteric ischemia
2. Abdominal aortic aneurysm

Skin

1. Temperature — hypothermia, heat stroke

2. Color — liver failure, renal failure, hypoxia

3. Rash — vasculitis, thrombotic thrombocytopenic
purpura (TTP), toxic shock and endocarditis

Others

1. Sepsis
2. Hyperviscosity syndromes

Diagnostic testing

Laboratory and radiographic testing of unstable,
critically-ill or confused patients comes in two
forms. The first group of helpful tests are those
that can be completed in 10 minutes or less. The
vast majority of patients presenting with AMS can
have a presumptive diagnosis made by the time
the history, physical examination, and rapid tests
are complete. The following tests yield a tremen-
dous amount of useful information, are inexpen-
sive and can be completed in less than 10 minutes.
They are not arranged in any particular order:

Glucose (dextrostick or glucometer).

Pulse oximetry (hypoxia).

Hematocrit (blood loss).

Breathalyzer (ethanol).

Urinalysis (infection, hyperglycemia, ketosis,

dehydration, toxicology).

6. Arterial blood gas (acidosis, hypercarbia,
hypoxemia).

7. ECG — monitor (electrolyte abnormalities,

toxins, acute cardiac disease).

Gk ®NRE

Other tests to consider:

1. Complete blood count, electrolytes
(particularly important is the sodium),
blood urea nitrogen (BUN), creatinine (Cr),
serum osmolality, calcium and magnesium.

. Carboxyhemoglobin level.

. Directed drug screen.

4. Head computerized tomography (CT):

done before lumbar puncture (LP) to rule
out focal lesions and hemorrhage.

WN
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LP with CSF analysis.

Peritoneal tap.

Thyroid function studies.

Cervical spine X-rays if trauma cannot be
excluded.

Chest X-ray.

10. Electroencephalograph (EEG).

el AN

o

General treatment
principles

As with all ED patients, treatment begins with the
airway, breathing and circulation (ABCs). The
main goals of treatment are physiologic stabiliza-
tion, symptom relief and specific diagnosis-driven
treatment plans. The first four recommendations
are commonly referred to by the acronym DON'T
(dextrose, oxygen, naloxone and thiamine).

Dextrose

Dextrose should be administered if glucose test-
ing indicates hypoglycemia. Glucometers are
very reliable and rarely miss true hypoglycemia.
One ampule of D50 (25 gm of glucose) will raise
the serum glucose by about 130 mg/dl (the range
is from 30-300mg/dl). Administer 50 ml of 50%
dextrose intravenous (IV) in adults, 4ml/kg 25%
dextrose (0.5-1.0g/kg) IV in children and 5ml/kg
10% dextrose (0.5 g/kg) IV in neonates.

Oxygen

Oxygen levels should be checked on all patients
with AMS. This can be obtained on most patients
by pulse oximetry. Supplemental oxygenation via
nasal cannula or face mask is desirable, especially
for those patients with oxygen saturations less
than 92%.

Naloxone

Naloxone is relatively benign and should be con-
sidered in all hypoventilating, altered patients
with evidence of opioid ingestion. Naltrexone is a
long-acting narcotic antagonist. Its role in the ED
is limited because of the risk of sending patients
home who may have ingested longer-acting nar-
cotics; these patients may decompensate after dis-
charge. The standard dose of naloxone is 2mg IV
in adults and 0.1mg/kg IV in children. One can
partially reverse the effects of a narcotic ingestion
with small aliquots of naloxone in the range of 0.1
to 0.4mg IV. In contrast, the ingestion of some of

the synthetic opioids and combination medica-
tions, such as diphenoxylate/atropine, methadone,
propoxyphene, and pentazocine may require as
much as 10 mg of naloxone to reverse.

Thiamine

Thiamine administration should be considered
in all patients with altered consciousness unless
the cause is known. Thiamine is a safe, effective
and inexpensive treatment for Wernicke’s
encephalopathy. This thiamine depletion-induced
encephalopathy is characterized by the abrupt
onset of oculomotor disturbances, ataxia and con-
fusion. If not treated promptly, it may progress to
irreversible Korsakoff’s psychosis (confabula-
tion, retrograde amnesia, and impaired ability to
learn). Although Wernicke’s encephalopathy is
rare, it is reversible if recognized and treated
early. Physicians must remember that alcoholism
is not the only cause of thiamine deficiency.
Patients are at risk for Wernicke’s if they have
any cause of malnutrition or vitamin deficiency.
Causes include hyperalimentation, anorexia,
bulimia, pregnancy and malignancy. Adminster
100mg IV in adults and 10-25mg IV in children.

Volume repletion

Many altered patients are dehydrated because of
prolonged agitation and excessive stimulation
over hours to days. Care must be taken as diseases
such as renal failure or water intoxication may
produce delirium in volume-overloaded patients.

Temperature control

Fever may be a manifestation of a disease process,
and can contribute to ongoing cell damage.
Whether fever is secondary to heat stroke, sepsis,
aspirin toxicity or drug overdose, it should be
treated with appropriate interventions. One may
use ibuprofen or acetaminophen, cooling blan-
kets, wet sheets with a fan, or ice packs in the
axillae or groin to reduce temperature elevations.

Flumazenil

Flumazenil is a competitive benzodiazepine
antagonist. Independently, the drug is benign. Its
use is limited in emergency medicine practice
because blocking benzodiazepines from their
receptor sites can unmask epileptogenic potential.
Patients addicted to benzodiazepines may seize
from this pharmacologically-induced withdrawal
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state. Patients who ingested drugs or medications
that can cause seizures along with benzodi-
azepines may seize once the “protective” effect of
the benzodiazepines has been removed. Yet
flumazenil may serve a diagnostic and therapeutic
role in selected cases. Administration of flumaze-
nil may awaken patients who may have ingested
benzodiazepines, preventing unnecessary endo-
tracheal intubation. It may also eliminate the
need for expensive testing and possible admis-
sion. The risk of causing seizures may be amelio-
rated by titrating the dose of flumazenil; using
the smallest dose recommended in increments
may decrease the chance of seizure. One should
not eliminate flumazenil from the arsenal of crit-
ical care medications solely based on the risk of
seizures. As with all medications, the risks and
benefits must be carefully considered before its
administration. The dose of flumazenil is
0.2-1.0mg IV in adults.

Physostigmine

Physostigmine is a cholinergic drug that can diag-
nose and treat overdoses of anticholinergic sub-
stances and agents with anticholinergic-like
properties. The goal of physostigmine administra-
tion is to reverse the patient’s anticholinergic signs
and symptoms. Physostigmine is administered
IV in small 0.5mg aliquots up to a maximum
total of 2.0mg. End points of administration
include clear reversal of anticholinergic signs
and symptoms, the development of cholinergic
symptoms (salivation, lacrimation, defecation,
gastric irritation, emesis), or delivery of 2.0 mg of
drug. Physostigmine must be used with great
caution; many centers do not use this drug at
all. When administered to patients who have
co-ingested agents that cause myocardial depres-
sion (such as tricyclic antidepressants), the result
can be cardiac standstill. If used, the dose of
physostigmine is 0.5-2.0mg IV in adults.

Antibiotics

Antibiotics are indicated in patients with a sus-
pected infectious cause for their AMS. When
considered, these drugs should be administered
early in the ED course, often before a source
of infection is clearly identified. Infections impli-
cated include the urinary tract, lungs, skin,
genitalia, or meninges. The choice and dose of
antibiotic must be directed by the organisms sus-
pected. Blood and urine cultures should be
obtained prior to the administration of antibiotics.

However, in suspected meningitis, it is recom-
mended that antibiotics be administered immedi-
ately before performing the LP.

Others

The myriad of possible etiologies for AMS pre-
clude a discussion of all the possible treatments.
The potential exists to prepare the patient for
neurosurgery, to treat significant metabolic abnor-
malities, begin treating thyroid dysfunction, or to
support the patient until drugs are metabolized
or the postictal period passes. Specific antidotes
and treatment for drug ingestions are discussed
in greater detail in Chapter 36.

Special patients
Geriatric

The geriatric population is at special risk for
alterations of mentation for a myriad of reasons.
Some studies indicated that 40% of all geriatric
patients over 70 years have some degree of AMS.
Of these, approximately 25% had alterations in
their level of consciousness, 25% had delirium
and 50% had cognitive impairment. The most
common cause of AMS was multifactorial, fol-
lowed by medication (22-39% of all cases), infec-
tion, metabolic disturbance (such as diabetes
mellitus), trauma, neoplasm, cardiovascular dis-
ease, pain, and dehydration/nutritional abnor-
malities. Not surprisingly, in addition to the
predisposition of being altered for a given
physiological alteration, elderly patients had
greater morbidity and mortality compared to
younger populations. Acute confusional states
are more likely to herald an infectious process in
the elderly than the classic symptoms of fever,
pain and tachycardia seen commonly in younger
patients.

Pediatric

In contrast to the elderly, children and infants
with AMS usually present with treatable causes
that often lead to favorable outcomes. The most
common cause of the altered pediatric patient is
toxicologic in nature. The critical factors in pedi-
atric patients are early detection and prompt
treatment with gut decontamination and anti-
dotes. Other causes of coma in children include
infections, trauma, metabolic derangements and
child abuse. Complications unique to pediatrics
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need to be recognized and anticipated. For
example, unlike in adults, hypoglycemia and meta-
bolic derangements are commonly seen following
beta-blocker ingestions, exposure to alcohols and
perfumes. Failure to consider the unique causes of
hypoglycemia in children could lead the provider
down the wrong treatment algorithm.

Immune compromised

The immunocompromised altered patient can be
a medical quagmire. This patient population
includes those with malignancies, immunosup-
pressive therapies, and immunocompromising
diseases such as acquired immune deficiency
syndrome (AIDS). Not only are these patients at
risk for greater complications of any given dis-
ease, but they also are at risk for pathology not
seen in the usual clinical setting. For instance,
toxoplasmosis in the HIV+ patient is a serious
condition that may present with subtle findings,
making it difficult to diagnose. Other central
nervous system (CNS) diseases and organisms
that threaten this patient population, commonly
causing altered levels of consciousness include
cryptococcus, cytomegolovirus, herpes simplex,
bacterial infections and CNS malignancies such
as lymphoma. It is important to remember that
significant chronic illness and IV drug use also
predispose individuals to opportunistic infections.
History taking must include meticulous attention
to medication lists — both prescribed and over the
counter, recent changes in diet (increased protein
in renal dialysis patients) and environmental
exposures, as these are critical in the evaluation
of the altered immunocompromised patient.

Disposition

Altered mental status is a medical emergency.
Most patients have reversible causes for their
altered state and will clear their sensorium —
usually from the metabolism of substances such
as alcohol, recreational drugs, prescription medi-
cations or by recovery from their postictal state.
However, physicians must be meticulous because
a small but significant number of patients can
progress to coma or death unless rapid evalu-
ation and treatment are successful. Despite the
risk of significant morbidity and mortality, the
majority of young patients have a benign cause
for their condition and will eventually be dis-
charged from the ED following an extended
period of observation.

Patients who present with an altered sensor-
ium as the result of an intentional ingestion will
need acute psychiatric evaluation once they have
been medically stabilized and cleared of any
toxic side effects, such as dysrhythmias, hypo-
glycemia, or gastrointestinal (GI) bleeding. These
patients will also need to be stabilized with regard
to their coexisting medical conditions. Diabetics
often present to the ED with hypoglycemia. In
most cases, the cause is related to a change in
diet, dietary noncompliance, a change in activity
or inadvertent medication error. Once infectious
causes of their glucose disturbance have been
ruled out, these patients may be safely dis-
charged home after treatment and education,
preferably with a friend or family member who
can offer assistance. Patients with hypoglycemia
secondary to long-acting oral agents must be
admitted to the hospital for further observation
and treatment.

Elderly and immunocompomised patients are
far more complex and often require hospitaliza-
tion regardless of the ultimate cause of their
AMS. It is not unusual for this population to
experience a persistent decline in their baseline
level of functioning with a loss of at least one
activity of daily living. Not surprisingly, elderly
hospitalized patients have longer hospital stays,
higher mortality rates, and increased rates of
institutional care after hospitalization. Patients
with underlying dementia often suffer signifi-
cant deterioration in their sensorium despite
seemingly minor medical insults. Hospitalization
is often required to deal with the social as well as
medical concerns in this patient population.

Pearls, pitfalls, and myths

The clinical arena that includes altered states of
consciousness is complex and high-risk. There
are many pitfalls, but with meticulous evalu-
ation, most can be avoided.

* The first critical branch point is to recognize
the importance of distinguishing delirium
from dementia and psychosis. Traveling
down the wrong path at this juncture can
result in harm to the patient.

¢ Recognize the difficulty obtaining a quality
history. Do not lose sight of the importance of
that history, and aggressively overcome any
obstacles to obtaining it.

¢ Consider the enormous differential without
narrowing the possibilities too early.
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Remember the basics: DON'T, hydration,
temperature control, and a thorough physical
examination that includes the eyes, the skin,
breath odor and mental status examination
utilizing the CAM.

An awake, alert patient with a unilateral
dilated pupil has a posterior communicating
aneurysm until proven otherwise.

The intracranial mass is on the same side as
the dilated pupil in about 85% of cases.

The largest organ in the body, the skin, is
often overlooked when considering causes
for AMS.

Patients with delirium have a 15% mortality,
but the causes are reversible 80% of the time.
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13 Chest pain

Jeffrey A. Tabas, MD and Susan B. Promes, MD

Scope of the problem

Acute chest pain is the presenting complaint in
roughly 3% of emergency department (ED)
patients. The diagnostic possibilities range from
the immediately life-threatening (myocardial
infarction (MI), unstable angina (USA), aortic dis-
section (AD), pulmonary embolism (PE), rup-
tured esophagus) to the self-limiting (chest wall
strain), and the common (gastroesophageal reflux
disease) to the unusual (herpes zoster). Although
the etiology of the chest pain may remain uniden-
tified in a significant proportion of patients, which
can be frustrating to both the patient and provider,
it is imperative that the clinician recognizes and
treats life-threatening causes.

Anatomic essentials

When considering the differential diagnosis of
the patient with chest pain, it is helpful to con-
sider the five organ systems in the thorax: cardiac
(heart and pericardium), pulmonary (lungs and
pleura), gastrointestinal (esophagus and upper
abdominal contents), vascular (aorta and great
vessels), and musculoskeletal (chest wall). Visceral
pain from internal structures such as the heart,
lungs, esophagus, and aorta may be difficult for
the patient to define. Pain may be described as a
discomfort or strange sensation, and it is often
challenging for the patient to discern an exact
location. Somatic pain, from chest wall structures, is
often more localizable and easier for the patient
to characterize. Pain may be sharp or stabbing,
brought on by movement or position, and can
often be pinpointed. Referred pain, from irritation
or inflammation of the upper abdominal contents,
may be perceived as pain in the chest or upper
back. A differential diagnosis based on these
structures is given in Table 13.1.

History

A careful and focused history may uncover
important clues to the etiology of chest pain. To

avoid a common pitfall, ask open-ended ques-
tions when possible. “Why did you come to the
emergency department today?” may yield more
initial information than “How often do you get
this chest pain?” Additionally, ask about chest dis-
comfort rather than pain, since a patient may deny
pain and admit only to chest pressure. The
mnemonic LMNOPQRST (location, medical his-
tory, new, other symptoms, provoking/palliative,
quality, radiation, severity, timing) may be helpful
in obtaining a complete history. Whether or not
you use this mnemonic, it is important to obtain a
picture of the patient’s symptoms which includes
the following aspects:

Table 13.1 Differential diagnosis of chest pain

Heart

Myocardial infarction

Cardiac angina

Pericarditis

Myocarditis

Valvular diseases (especially aortic stenosis)

Lungs

Pneumonia/other infections

Pneumothorax

Pulmonary embolism

Chronic obstructive pulmonary disease exacerbation

Esophagus

Esophagitis (e.g., candidal)
Gastroesophageal reflux disease
Spasm (nutcracker esophagus)
Foreign body

Rupture (Boerhaave’s)

Aorta
Dissection
Aneurysm
Aortitis

Upper abdomen

Gallbladder disease (cholecystitis or cholelithiasis)
Pancreatitis

Duodenal or peptic ulcer

Hepatic disease

Chest wall

Costochondritis (Tietze’s disease)
Contusion

Rib fracture

Muscle strain or tear
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Location

The location of pain may help define the abnor-
mality. If a patient can point to a specific spot that
is extremely tender to palpation and worsens with
position change, this may be consistent with a
musculoskeletal etiology. As mentioned previ-
ously, visceral pain may be difficult to localize.

Medical history

While classic risk factors for coronary artery dis-
ease have not been shown to be predictive in the
acute setting, many clinicians extrapolate their
importance from studies of long-term atheroscle-
rotic disease. These include hypertension, smok-
ing, diabetes, increased cholesterol, obesity, and
family history of premature heart disease. Cocaine
use is a risk factor for both cardiac ischemia and
aortic dissection. A history of rheumatic fever or
a murmur can suggest valvular disease. Patients
with a history of cerebral or peripheral vascular
disease or coronary artery disease (CAD) are at
risk for acute coronary syndrome (ACS). Patients
with a history of hypertension or Marfan’s disease
are at risk for aortic dissection. Patients with
vomiting or a recent esophageal procedure may
be at risk for esophageal perforation. A heavy
smoking history suggests underlying chronic
obstructive pulmonary disease (COPD). Risk fac-
tors for PE include recent surgery, family history,
cancer, and estrogen use or pregnancy. Patients
with PE have no identifiable risk factor in 20% of
cases.

New

It is important to discover whether the patient
has had similar episodes of chest pain in the past,
if they have been of similar severity, and what
medical diagnosis and treatment, if any, they
received. A history of multiple similar episodes
of pain associated with previous COPD exa-
cerbations is an important clue that this may be
another similar exacerbation.

Other (associated) symptoms

Nausea, vomiting, shortness of breath, syncope,
near-syncope, and palpitations may increase the
clinician’s suspicion for serious illness, such as
cardiac ischemia or dysrhythmia. Shortness of
breath, productive cough, and fever may suggest
a respiratory infection. Any neurologic deficit in

the setting of pain should immediately suggest
aortic dissection.

Provoking/Palliative

Pain that is worse with a deep breath is termed
pleuritic. Pleuritic pain is associated with pul-
monary etiologies such as pneumonia, pulmonary
embolus, or COPD exacerbation. Pain that is worse
lying flat and improves sitting up suggests peri-
carditis. Chest discomfort due to angina may be
associated with exertion and often improves with
rest or nitroglycerin (NTG). Burning pain that is
associated with meals may suggest a gastro-
intestinal (GI) etiology.

Quality

Chest discomfort may be described in numerous
ways, such as sharp, burning, stabbing, pinching,
squeezing, heaviness, or pressure. It is important
to begin with open-ended questions, such as “tell
me about this discomfort in your chest,” rather
than “how long have you had this chest pain?” If
a patient cannot provide a description of the char-
acter, you can use prompts such as “is it sharp,
burning, stabbing, heavy, squeezing or pinching?”
Pressure, heavy or squeezing pain is often con-
sistent with cardiac ischemia. Sharp or stabbing
pain suggests a non-cardiac cause, although car-
diac ischemia can present in a multitude of ways.
A patient’s demonstration of pain by a clenched
fist against his or her chest is termed Levine’s sign.
One small study showed a high correlation with
this description and acute cardiac ischemia.

Radiation

Radiation of pain to the neck, jaw, shoulder, or arm
is often consistent with cardiac ischemia. Pain
that radiates to the back may be associated with
aortic dissection.

Severity

“On a scale of 0 to 10, how severe is the pain?”
Severe chest pain should always raise concern
for a life-threatening emergency. A 0-10 scale
may be used to rate the pain. A rating of 1 is
almost undetectable, while a rating of 10 is the
worst pain ever experienced. Severity of pain is
not predictive of disease, but should be followed
over time to document the effect of interventions.
The goal of the practitioner is to relieve pain as
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rapidly as possible, especially in a patient with a
high suspicion of acute cardiac ischemia.

Timing (duration and onset)

“How long have you had this discomfort? Is it
constant, waxing/waning, or intermittent?” Pain
lasting seconds or more than 24 hours is less likely
to be cardiac in origin. However, use caution when
questioning about symptom duration. Discomfort
that has been intermittent for several days and
recently became severe differs from pain that has
remained constant for the last 72 hours. Be certain
to ask questions about today’s episode of pain,
distinguishing it from previous episodes. “Do you
get this pain with exertion?” would receive a dif-
ferent response depending on whether you are
referring to prior anginal type pain or today’s
nonexertional chest pain due to acute MI (AMI).
Sudden or abrupt onset of chest pain may indicate
a serious underlying disorder, such as MI, PE, or
aortic dissection.

Physical examination

The physical examination in patients with chest
pain may be unrevealing. However, a thorough
examination is essential to identify important
diagnostic clues if present.

General appearance

The general appearance of a patient is an import-
ant clinical observation. Patients who appear
markedly uncomfortable or present with pallor,
diaphoresis, or respiratory distress should be
considered acutely ill. Evaluation and treatment
should proceed in parallel rather than sequentially.

Vital signs

Vital signs are vital, and should be verified.
Hypotension suggests shock or impending shock,
and may be due to decreased cardiac output,
intravascular volume depletion, or sepsis. Note
any difference in blood pressure between arms,
or between arms and legs. This may suggest aor-
tic dissection. Tachycardia may suggest systemic
illness, dysrhythmia, or pain. In addition to
reviewing the recorded vital signs, observe the
patient’s respiratory pattern and rate. Abnormal
respirations may be a clue to a pneumothorax,
congestive heart failure (CHF), PE, COPD exacer-
bation, or other pulmonary abnormalities. Fever

or hypothermia may suggest an infectious process.
Think of pulse oximetry as the “fifth vital sign,”
and measure it in all patients with chest pain. A
low measurement may suggest a pulmonary dis-
order or poor perfusion from a cardiac or vascular
event, especially if it is decreased from the
patient’s baseline.

Pulsus paradoxus is a loss of the pulse during
inspiration. It represents the fall in systolic pres-
sure from expiration to inspiration that can be felt
or auscultated. As the cuff is slowly deflated, note
that pressure at which any pulse is first detected,
and then the pressure at which every beat is
detected. Normally, the fall in systolic arterial pres-
sure is less than 10mmHg during inspiration.
Presence of a “pulsus” classically suggests cardiac
tamponade, although it may also be present in pul-
monary conditions such as emphysema or asthma.

Skin

Note the degree of perfusion, pallor, or diaphor-
esis. Visual examination of the chest may iden-
tify the cause for the pain, such as contusion or
ecchymosis suggesting traumatic injury, or vesic-
ular rash suggesting herpes zoster.

Pulmonary

Inspection of the chest and surrounding struc-
tures may reveal increased respiratory effort or
accessory muscle use. Auscultation may reveal
normal, abnormal, or diminished breath sounds.
Bilaterally decreased breath sounds with poor air
movement suggest severe reactive airway disease
or emphysema. Unilaterally decreased breath
sounds suggest consolidation, pneumothorax, or
pleural effusion. If there are decreased breath
sounds unilaterally, the position of the trachea
should be examined for signs of tracheal devi-
ation suggestive of tension pneumothorax. Check
for “E to A” changes (egophony) throughout the
lungs. Their presence indicates consolidation.
Increased inspiratory to expiratory (I:E) ratio
should be noted (normal is 2:1). A prolongation of
the expiratory phase suggests significant obstruc-
tive airway disease. Adventitial sounds such as
wheezes suggest reactive airway disease. Rales
or crackles may be consistent with atelectasis,
infiltrate, or edema. The location and extent of
these should be documented (e.g., one-third of
the way up bilaterally, or right lower lung field).
“Velcro-like” rales are consistent with chronic
interstitial fibrosis. Percussion may be useful
for localizing dullness, suggesting infiltrate,
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mass, or fluid, or hyperresonance, suggestive of
pneumothorax. Palpation of the chest wall may be
helpful to identify crepitus, or to localize tender-
ness when a musculoskeletal source is suspected.

Cardiac

Inspection of the chest may reveal previous sur-
gical scars, implanted devices such as pacemakers
or cardioverter defibrillators (ICDs), and hyper-
dynamic states. Palpation should assess for loca-
tion and quality of the left ventricular systolic
impulse. Normal location of this impulse is in the
fifth intercostal space at the mid-clavicular line.
Placing the fingers of the right hand at the left
sternal border in each rib space allows appreci-
ation of a right-sided heave. Auscultation of heart
sounds should proceed over all four cardiac listen-
ing areas, first with the diaphragm and then with
the bell. The regularity of the heart sounds and
any murmurs, rubs, or gallops should be noted.
The most commonly heard murmurs and methods
to distinguish them are listed in Table 13.2.

Carotid arteries

Auscultation of the carotid arteries should be
performed using the bell of the stethoscope to
assess for bruits (often unilateral) or transmitted
murmurs (bilateral). Pressing too firmly on the
carotids may create a false bruit. If there is confu-
sion as to the source of the bruit (carotid vs. car-
diac), auscultation in the region of the sternal
notch will either confirm the presence or absence
of a transmitted murmur. Palpation of the carotid
pulses should also be performed to confirm nor-
mal strength and upstroke.

Jugular venous pressure (JVP)

Findings of right heart failure include jugular
venous distension, hepatic congestion and per-
ipheral edema. Patients may have right-sided
heart failure from left-sided failure (most com-
mon etiology), pulmonary hypertension (COPD,
PE), or impaired right-sided filling (pericardial
tamponade, tension pneumothorax). The jugular
venous pressure (JVP) is noted in the anterior tri-
angle of the neck (Figure 13.1). The patient should
rest with the head of the bed at 30° and the chin
rotated left of midline by 30°. The pulsation is
most often visible just above the clavicle. The
jugular pulse is distinguished from the carotid
pulse by its double wave and lack of palpability.
It can further be confirmed by noting a rise in the

Table 13.2 Most commonly heard cardiac murmurs and
methods to distinguish them

Three common systolic murmurs
1. Systolic ejection (flow)
(a) Heard across the precordium with the
diaphragm of the stethescope
2. Aortic stenosis
(a) Harsh, crescendo/decrescendo, heard with
diaphragm
(b) Radiates to carotids (heard with bell of the
stethescope)
3. Mitral regurgitation
(a) Heard at apex with the bell, radiating to axilla
(b) Blowing, holosystolic
(c) Heard best with patient turned slightly into left
lateral decubitus position
(d) Increased with Valsalva maneuver

Two common diastolic murmurs
1. Mitral stenosis
(a) Low, rumbling
2. Aortic regurgitation
(a) Blowing, decrescendo or holodiastolic

Other cardiac sounds
1. Idiopathic hypertrophic subaortic stenosis (IHSS)
(a) Late systolic murmur without radiation
2. Pericardial rub
(a) Triple phase (mid-systole, mid-diastole,
pre-systole), scratchy
3. S3
(a) Heard best with bell at apex in left lateral
decubitus position
(b) Sounds like Kentucky (Ken = S1, tu = S2,
cky = S3)
(c) Represents heart failure in an adult.
( ) Normal finding in small children

( ) Heard best with bell at apex
(b) Sounds like Tennessee (Te = S4, nne = S1,

ssee = S2)
(c) Represents atrial filling of stiff ventricle in an
adult

(d) Always pathologic in a child

Figure 13.1
Jugular venous pressure assessment.
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height of the JVP by lowering the bed or by com-
pressing the liver (hepatojugular reflux).

Extremities

Pulses should be assessed including symmetry
between sides and between upper and lower
extremities. Changes of peripheral vascular dis-
ease, such as decreased pulses, hair loss, or shiny
reddened skin may provide evidence of under-
lying atherosclerotic disease. Bilateral lower
extremity edema may represent right heart fail-
ure (usually secondary to left heart failure or pul-
monary disease), especially in the presence of
elevated JVP. Another common cause of bilateral
lower extremity edema is venous insufficiency.
Liver failure, hypoalbuminemia, and nephrotic
syndrome also should be considered as causes of
edema. Asymmetric edema should raise concern
for deep venous thrombosis (DVT), especially in
the presence of cords or venous distension. When
asymmetry is present, the size of each leg should
be measured and recorded.

Abdomen

Always perform the abdominal exam with the
head of the bed flat (so the patient is completely
supine), both knees bent (to relax the abdominal
musculature), and both arms down by the sides.
This allows the most accurate and reproducible

exam. The examination of the abdomen should
progress sequentially with observation, ausculta-
tion, percussion, and palpation. It is particularly
important to evaluate for non-thoracic causes of
chest pain, such as diseases of the gallbladder
(cholecystitis or cholelithiasis). Note the presence
of bruits or pulsatile masses suggesting abdomi-
nal aortic aneurysm, a potential life-threatening
emergency.

Rectal

Rectal examination should be performed to assess
for gross blood, melena, or occult blood. The
presence of gastrointestinal bleeding may impact
imminent therapy (anticoagulant or fibrinolytic
therapy), or be the source of significant blood
loss leading to cardiac ischemia.

Neurologic

A complaint-directed neurologic examination
should be performed. Any new neurologic deficits
in the setting of chest pain should be presumed
due to aortic dissection and considered an emer-
gency, unless proven otherwise.

Differential diagnosis

Table 13.3 provides an extensive list of possible
chest pain causes.

Table 13.3 Differential diagnosis of life-threatening causes of chest pain

Diagnosis

Classic symptoms

Acute High-risk features include:

myocardial 1.
2. Known CAD

3.

4. Pain like prior AMI or worse than

infarction

&,

6.

Advanced age
Diabetes

usual angina

Pain that is pressure-like or
squeezing

Radiation to neck, left shoulder,
or left arm.

Low-risk features include:

1.
2.

3.
4.

Pleuritic, sharp, or stabbing pain
Pain reproducible with palpation
or movement

Younger age

Pain lasting for seconds or
constant for more than 24 hours.

However, 22% of patients with AMI
have pain that is sharp or stabbing,

13% have partially pleuritic pain, and
7% have pain completely reproduced

by palpation.

Signs

Physical examination is
most helpful when there
are findings of decreased
cardiac output: rales,
hypotension, an S3, new
or worsening mitral
regurgitation murmur.
Otherwise, it is often
unremarkable.

Work-up

Diagnosed by an
elevation of serum
cardiac markers and
one of the following:

1. Clinical history of
ischemic-type chest
discomfort or

2. Serial changes on
ECG or

3. Urgent vascularization

(continued)
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Table 13.3 Differential diagnosis of life-threatening causes of chest pain (cont)

Diagnosis

Aortic
dissection

Aortic stenosis

COPD
exacerbation

Esophageal
rupture

Pericardial
tamponade

Pericarditis

Classic symptoms

Presentation: pain (95%), abrupt
onset (85%), severe or worst ever
(90%), tearing or ripping (50%), chest
(75%) and/or back location (50%),
syncope (10%), hypertension

history (70%).

Classic progression of symptoms
over time from chest pain to syncope
to CHF.

Patients may complain of dyspnea
and pleuritic chest pain. Symptoms

of respiratory infection may be present.

Chest pain in the setting of vomiting
or recent esophageal procedure.
Progressively increasing symptoms
with diagnostic delays.

Often presents with shortness of
breath or weakness rather than
chest pain.

Sharp or burning pain, often of
several days duration, pleuritic
component, worse lying down,
better sitting forward, may have
prodrome of fever and malaise.
Uremia from renal failure is a
common predisposing factor.

Signs

Hypertension (50%),
hypotension (5%), aortic
insufficiency murmur
(30%), pulse deficit (15%),
neurologic deficit.

Harsh, systolic, crescendo—
decrescendo murmur
radiating to carotids. Weak,
delayed pulses, narrow
pulse pressure.

Vital signs may show
tachypnea, tachycardia,
and hypoxia. Breath
sounds are typically
decreased, wheezing is
variable depending on the
amount of air movement.

Early physical examination
can be remarkably benign.
As disease progresses,
infectious mediastinitis
develops.

Tachycardia is an early pre-
sentation. Pulsus paradoxus
is present. With progression,
distended jugular veins

and hypotension develop.
The classic presentation of
Beck’s triad (muffled heart
tones, distended neck
veins and hypotension)

is actually uncommon.

Scratchy or squeaky
pericardial friction rub
heard best in left lower
sternal border using the
diaphragm — usually
triphasic, but may have
just two components.
Varying degree of fever.
An increased pulsus
paradoxus is concerning
for tamponade.

Work-up

CXR may reveal
abnormalities (Table
183.5). Helical CT or
echocardiogram
sensitive and specific.

ECG may show left
ventricular hypertrophy.
Diagnosis by
echocardiography or
cardiac catheterization.

Obtain CXR to exclude
pneumonia or
pneumothorax as
exacerbating factor.
Diagnosed when
symptoms respond to
beta-agonist therapy.

Laboratory analysis may
be unremarkable. Chest
radiography may reveal
abnormal air in the medi-
astinum (pneumomedi-
astinum) or may be
normal. Definitive diag-
nosis by CT scan, gas-
trograffin esophography
(avoid barium given risk
of extravasation), or
endoscopy.

ECG usually reveals

low voltage. Electrical
alternans (alternating
size of the QRS complex)
is highly suggestive.
Definitive diagnosis by
ultrasound demonstrates
impaired relaxation of
the right atrium and
ventricle during diastole.

Four stages on ECG:
1. Diffuse ST elevation,
PR depression, and
peaked T waves
most common
2. Normalization
3. Deep, symmetric,
diffuse T wave inversion
4. Normalization.
Diagnosis is suggested
by pericardial effusion
on echocardiography,
although an effusion
may be present in the
absence of pericarditis.

(continued)
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Table 13.3 Differential diagnosis of life-threatening causes of chest pain (cont)

Diagnosis Classic symptoms

Pneumonia Productive cough, fever, shortness
of breath. Symptoms may be less
impressive in immunocompromised
states (diabetes, HIV, chronic
alcoholism).

Pneumothorax  Often associated with history of
trauma. Spontaneous pneumothorax
typically occurs in tall, thin individuals,
20-40 years old, male > female.
Secondary pneumothorax may

occur in smokers, patients with
emphysema or asthma, or

patients with pneumocystis.
Symptoms include pleuritic chest
pain and shortness of breath.

Pulmonary
embolism

Risk factors include recent pelvic

or low abdominal surgery, family or
patient history of thromboembolism,
cancer, paralysis, LE casting or
immobility, CHF, estrogen use or preg-
nancy, LE extremity or pelvic trauma,
age >40 years. Twenty percent of
patients with PE have no risk factors.

Unstable
angina

Angina is discomfort, induced by
exercise, relieved by rest or NTG.
USA is either:
1. Angina at rest (usually >20 minutes)
2. New onset exertional angina
(<2 months) with walking 1-2
blocks or 1 flight of stairs or
3. Increased severity within 2
months at above exertion level.

Signs

Fever, tachypnea, hypoxia,
and/or findings of
consolidation such as
rales or E to A changes

(egophony).

Decreased breath sounds,
tachypnea, hypoxia may
or may not be present.
Tracheal deviation may be
noted with tension
pneumothorax.

Respirations >20/minute
(70%), rales (51%)
tachycardia (30%),

leg swelling (28%),

loud P2 (23%),
temperature >38.5°C
(13%), wheeze (5%).

Often absent.

Work-up

Leukocytosis on CBC.
Chest radiography
demonstrates an
infiltrate. PA and lateral
films are more sensitive
and specific than a
portable AP film.
Consider tuberculosis,
pneumocystis in the HIV
patient.

Chest radiography
reveals pneumothorax.
A diagnosis of tension
pneumothorax should
never be made
radiographically, since
it should be diagnosed
clinically and treated
immediately.

V/Q scan, helical CT, or
pulmonary angiography
are diagnostic tests of
choice. A negative result
of a high sensitivity
D-dimer test in a low-risk
patient may be adequate
to exclude disease.

Difficult to diagnose in
an emergency setting.
Dynamic ECG abnormal-
ities or elevated cardiac
markers define a high-
risk group. Diagnosis
made by noninvasive
stress testing or cardiac
catheterization.

AMI: acute myocardial infarction; AP: anteroposterior; CAD: coronary artery disease; CBC: complete blood count;
CHF: congestive heart failure; COPD: chronic obstructive pulmonary disease; CT: computed tomography; CXR: chest
X-ray; ECG: electrocardiogram; HIV: human immunodeficiency virus; LE: lower extremity; NTG: nitroglycerin;

PA: posteroanterior; PE: pulmonary embolism; USA: unstable angina; V/Q: ventilation—perfusion.

Diagnostic testing
Laboratory studies
Complete blood count

A complete blood count (CBC) is frequently
ordered in patients with chest pain. A low hema-
tocrit may indicate a reason for symptoms of car-
diac ischemia, or may be due to bleeding
associated with the source of pain (gastric ulcer).
Most authorities recommend maintenance of the

hematocrit in a patient with cardiac ischemia
above 30mg/dl to maximize O, delivery. A high
white count may represent demargination due to
stress, pain, or a catastrophic event (e.g., sepsis
from delayed diagnosis of esophageal rupture).
However, this test is rarely illustrative.

Chemistry panel

Chemistry panels generally provide little help in
the evaluation of the patient with chest pain. They
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may suggest acidosis (low bicarbonate), especially
in the presence of an anion gap. If intravenous
(IV) contrast imaging is to be performed to evalu-
ate the aorta, it is important to obtain a creatinine
level prior to the administration of IV dye. Renal
insufficiency, suggested by elevated creatinine
level, is a relative contraindication to contrast
injection, as in computed tomography (CT) or car-
diac catheterization. Elevated glucose may reveal
previously unsuspected diabetes, a risk factor for
coronary artery disease.

Cardiac markers

Serial serum cardiac marker measurements can
be used to rule out AMI at an appropriate inter-
val from symptom onset (Table 13.4). However,

Table 13.4 Measurements of serial cardiac markers to
rule out AMI

Cardiac marker characteristics

Rise Peak Return to

(hours) (hours) baseline
Myoglobin <3 4-9 <24 hours
CK-MB mass 3-8 9-30 1-3 days
CK-MB subforms  1-3 4-6 18-24 hours
cTnT 2-6 10-24 10-15 days
cTnl 2-6 1024 7-10 days

Hours post pain onset

Myoglobin Does not exclude
CK-MB mass 6-10
CK-MB subforms  6-10
cTnT 8-12
cTnl 8-12

Serial marker testing for rapid exclusion of AMI in
low-risk patients — ACEP policy

Obtain an initial marker on arrival. Obtain a second
marker at least 6 hours from chest pain onset for CK
and 8 hours from onset for Troponin. Note that serial
marker testing excludes MI but does not exclude USA.
ACEP: American College of Emergency Physicians;
AMI: acute myocardial infarction; CK-MB: creatine
kinase, cTnl: cardiac troponin |; cTnT: cardiac troponin
T; MI: myocardial infarction; USA: unstable angina.

serial cardiac markers are only found to be elevated
in 10-30% of cases of unstable angina (USA) and
therefore cannot be used to exclude this condition.

Liver function tests

Liver function tests may be elevated in patients
with biliary or hepatic disease, or due to passive
congestion of the liver in heart failure.

Amylase/lipase

When an abdominal source of pain is suspected,
or tenderness is elicited in the mid-epigastrium,
pancreatitis should be considered. This is
especially true in the presence of risk factors
(alcohol use, biliary disease, and diabetes).

Urinalysis

Evaluation of the urine is rarely helpful in the
chest pain patient, except when glucosuria (pos-
sible screen for diabetes) or bilirubinuria (possible
screen for biliary duct obstruction or hepatic
disease) are present.

Pregnancy test

Consider a pregnancy test in all female patients of
childbearing age, especially if they may undergo
radiologic imaging.

Urine toxicology screen

Cocaine has been associated with ACS, AMI,
and aortic dissection, especially in the first hour
after use.

D-dimer

D-dimers are degradation products of circulating
cross-linked fibrin. Sensitivity and specificity for
thromboembolism vary, depending on the type
of test. Newly developed rapid tests appear to be
adequately sensitive to exclude PE in low-risk
patients. In a patient with suspected PE, D-dimer
testing should only be performed when the type
of test used is known to be sensitive for thrombo-
embolism.

Arterial blood gas

Arterial blood gas sampling is useful to assess
ventilatory status (CO, level), serum pH, and to
confirm a low pulse oximetry reading. In the
assessment of a patient with suspected PE, it has
been shown to lack significant predictive value.
In one study, 26% of patients with PE had a par-
tial pressure of O, (PO,) greater than 80 mm. A
low oxygen saturation, either from pulse oximetry
or ABG that lacks an adequate explanation (i.e.,
pneumonia, heart failure or COPD) should raise
suspicion for pulmonary embolism.
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Electrocardiogram of Cardiology). In studies of patients with AMI,
An attempt should be made to perform an elec-  ECGs are diagnostic in 30-50%, nonspecific in
trocardiogram (ECG) within 10 minutes of arrival ~ 40-70%, and normal in up to 10%. Findings of
for all patients with unexplained chest pain  acuteischemia include new or presumed new ST
(recommendation of the American College of  elevation, ST depression, or inverted T waves
Emergency Physicians and the American College (Figure 13.2). Known findings on ECG that
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Figure 13.2
(a) ECG in a patient with anterolateral Ml demonstrating ST-segment elevations in leads |, aVL, and V,—V,. Note the
reciprocal ST-segment depressions in leads Il, Ill, and aVF. (b) ECG in a patient with inferoposterior Ml demonstrating

ST-segment elevations in leads Il, Il and aVF, and prominent R waves in leads V{—V3. Courtesy: Amal Mattu, MD.
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Figure 13.2 (cont)

(c) ECG in a patient with posterior Ml demonstrating prominent R waves in leads V;—V3 and ST-segment depression in

leads V,—V3. Courtesy: Amal Mattu, MD.

obscure the assessment of ischemia include bun-
dle branch block (especially left bundle branch
block) and left ventricular hypertrophy with
repolarization abnormality (strain pattern).
American Heart Association guidelines recom-
mend posterior and right-sided ECG leads when
there are findings of ischemia such as ST eleva-
tion, ST depression, or T-wave abnormalities on
the traditional 12-lead ECG (Figure 13.3). Patients
with ST- or T-wave abnormalities in the inferior
leads (11, III, and aVF) or ST depression in the sep-
tal leads (V1 and V2) are most likely to have
abnormalities on posterior and right-sided ECGs.
The ECG may also reveal evidence of peri-
carditis (Figure 13.4) or a pericardial effusion.

Radiologic studies
Chest radiography

Chest radiography is most helpful when it points
to a definitive diagnosis such as pneumothorax or
pneumonia. Although chest radiography is often
normal or nonspecific in conditions such as AMI,
PE, and aortic dissection, it may also suggest the
diagnosis (Figures 13.5 and 13.6). Tables 13.5 and
13.6 describe CXR findings in aortic dissection and
PE, respectively.

Helical computed tomography

Helical CT may be extremely helpful in the evalu-
ation of a stable patient with chest pain. It is
reasonably sensitive (70 to >90%) and specific
(90 to >95%) for PE depending on scanner tech-
nology and the expertise of the radiologist. It
often provides additional information either sug-
gestive or supportive of a final diagnosis in
patients without PE. It is 95-100% sensitive and
specific for aortic dissection (Figure 13.5b). In the
rare occasion that helical CT is inconclusive for
aortic dissection or PE, and the pre-test probabil-
ity for the diagnosis is high, angiography should
be performed.

Echocardiography

This test can prove helpful in the evaluation of
chest pain, especially in the unstable patient.
Transthoracic echocardiography can evaluate the
cardiac chamber sizes, wall motion, systolic
function, valvular function, and aortic integrity.
Remarkable findings include valvular disease,
pericardial effusion with tamponade physiology,
regional wall motion abnormalities suggesting
ischemic cardiac disease, right heart failure sug-
gesting acute PE, and aortic dissection.
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Figure 13.3

Right-sided ECG in a patient with right ventricular infarct demonstrating ST-segment elevation in lead V4R.
Courtesy: S.V. Gurudevan, MD.
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Figure 13.4

ECG in a patient with pericarditis demonstrating PR-segment depression, PR-segment elevation in aVR, and diffuse
ST-segment elevations. Courtesy: Amal Mattu, MD.
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Figure 13.5
(a) Abnormal chest X-ray and (b) chest CT revealing aortic dissection.

Courtesy: Gus Garmel, MD.
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Figure 13.6
Hampton’s hump. Reprinted from Journal of Emergency Medicine, 24(3), Tarleton GP,

Manthey DE, The elusive Hampton’s hump, pages 329—-330, 2003, with permission from
Elsevier.

Transesophageal echocardiography is more sen-
sitive than transthoracic echocardiography in
detecting aortic dissection.

Table 13.5 Chest X-ray findings in aortic dissection

Normal (10-30%)

Wide mediastinum or abnormal aorta (70-80%)
Wide paraspinal shadow

Pleural effusion

Tracheal shift

Aortic calcification displacement

“Lump” distal to vessels

Table 13.6 Chest X-ray findings in pulmonary embolism

® (Classic presentation is normal X-ray in patient with

dyspnea and hypoxia

Atelectasis or parenchymal abnormality (68%)

Elevated hemidiaphragm

Pleural effusion

Hampton’s hump is a wedge-shaped pleural-based

density (Figure 13.6)

® Westermark’s sign is distension of pulmonary
vasculature proximal to embolism with loss of
vascular markings distally (rare)

General treatment
principles

As with all ED patients, treatment begins with the
ABCs. The goals of treatment are stabilization,
symptom relief, and limitation of morbidity and
mortality due to the disease entity.

Patients with chest pain should receive a high
triage level, indicating that they have a potentially
life-threatening medical problem. They should
be placed in a room expeditiously. The initial
assessment of the chest pain patient should focus
on the patient’s stability. If the patient has unsta-
ble vital signs or appears ill, an accelerated assess-
ment and treatment plan should be used. The
American Heart Association guidelines for assess-
ment of patients with potential ACS recommend
performance and interpretation of an ECG within
10 minutes of arrival to the ED.

Initial assessment and interventions

e ABCs
¢ Patient appearance
e Vital signs including O, saturation
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¢ Place IV line, administer O,, and place on
cardiac monitor

e ECG within 10 minutes of arrival

¢ Directed H&P (includes pulmonary and
cardiovascular examination).

If immediate life-threatening disease is found or
suggested, initiate rapid and directed treatment.
Otherwise perform a secondary assessment and
treatment.

Secondary assessment and interventions

* ASA 325mg po (unless patient allergy,
appropriate dose already taken, or ischemia
excluded)

¢ Complete H&P

e Provide pain relief

¢ Consider additional ECGs, radiologic and
laboratory evaluation as indicated.

Acute coronary syndrome (ACS)

Aspirin

Aspirin should be given to everyone with sus-
pected ACS who is not allergic. Its efficacy is
equivalent to that of costly thrombolytics, and
contraindications are infrequent. There is a 23%
reduction in 30-day mortality in patients with
AML. In patients with USA, there is a 50% reduc-

tion in the rate of progression to AMI.
Dosing: 325 mg oral (or rectal).

Nitrates

Nitrates are recommended in AMI, although a
clear benefit on morbidity or mortality has not
been proven. Nitrates act to vasodilate the cor-
onary arteries, and reduce both preload and after-
load. Hypotension, a frequent and unacceptable
adverse effect, should be avoided at all costs;
therefore, blood pressure should be monitored
before each additional dosage. Sublingual NTG
is recommended in patients with suspected ACS,
except those with contraindications such as
allergy, bradycardia less than 50 beats per minute,
tachycardia, or hypotension. The use of agents
for erectile dysfunction, sildenafil or vardenafil
within 24 hours, or tadalafil within 48 hours, is
an absolute contraindication to use of nitrates
because of the risk of prolonged and exaggerated
vasodilatation. NTG should be used with cau-
tion in patients with right ventricular infarct who
are often sensitive to preload reduction. IV NTG

is indicated in patients with persistent ischemia,
CHE, hypertension, or a large anterior AMI.

Dosing: Treatment should begin with sublin-
gual tablet or spray dosing of 0.4 mg every 5 min-
utes until pain free. Three doses are commonly
recommended but not a limit. Check blood pres-
sure before each additional dose. If symptoms
are relieved with sublingual therapy, apply
1-2inches of nitropaste to the anterior chest wall.
Indications for IV therapy include the first 24 to
48 hours for patients with definite USA or AMI
who experience ongoing or recurrent ischemic
discomfort, hypertension, or signs of congestive
heart failure, or for controlled titration of therapy.
Start an infusion at 10-20 mcg/minute and titrate
by 10-20mcg/minute every 3 to 5 minutes until
symptom relief.

Morphine

Morphine is used as an analgesic for the relief of
ischemic chest pain. Any patient with significant
discomfort should receive treatment with anal-
gesics, although the benefit of narcotics for pain
relief in patients with AMI is inferred rather than
clearly supported by literature.

Dosing: Depending on the patient’s previous
exposure to narcotics, an initial IV dose of 24 mg
is recommended with titration to effect.

Beta-blockers

Beta-blockers have been shown to decrease mor-
bidity and mortality in patients with AMI and
USA. They should be used in all patients except
those with contraindications, such as CHF, history
of significant COPD or asthma, atrioventricular
(AV) node disease, bradycardia, or hypotension.

Dosing: 5mg of metoprolol is given IV three
times at 5minute intervals. Vital signs should be
checked before each dose. If this is tolerated, then
25-50 mg of metoprolol is given orally.

Heparin

The significant benefit shown from heparin use
in patients with unstable angina was largely from
the pre-aspirin era. A meta-analysis comparing
heparin plus aspirin to aspirin alone revealed a
2.4% reduction in death or MI which did not reach
statistical significance. Heparin is recommended
for all patients with suspected AML. It is part of
the treatment protocol for most thrombolytic reg-
imens, except streptokinase. Low molecular
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weight heparin has several advantages over IV
unfractionated heparin. These include ease of use
in the inpatient and outpatient setting, weight-
based dosing, lack of need for laboratory moni-
toring, and lower rates of heparin-induced
thombocytopenia. Bleeding rates and efficacy are
equivalent, and when nursing and laboratory
costs are included, overall cost of therapy is
equivalent. Precautions include extremes of
weight (<45 or >100kg) and renal insufficiency.

Dosing: IV unfractionated heparin is given as
an 80 unit/kg IV bolus and an 18 unit/kg/hour
infusion. A nomogram should be used for dose
adjustment. If given with alteplase, reteplase, or
tenecteplase the dosing is reduced to 60 unit/kg
IV bolus and 12 units/kg/hour infusion. For low
molecular weight heparin, Enoxaparin is given
1mg/kg SQ BID or Dalteparin 1201U/kg SQ BID.

Thrombolysis

Thrombolysis is indicated in patients with AMI
with ST-segment elevation (1 mm in 2 or more
contiguous leads) or presumed new left bundle
branch block and symptoms <12hours (Table
13.7). Relative mortality is reduced by 21%, with

Table 13.7 Thrombolysis indications and
contraindications

Indications for thrombolysis

® ST elevation (=0.1 mm in =2 contiguous leads)
or new left bundle branch block (not known to be
old) and

® Symptoms <12 hours which are continuing

Contraindications to thrombolysis

® Active internal bleeding (not including menses)
® Suspected aortic dissection

® Uncontrollable hypertension (>180/110)

® History of hemorrhagic CVA

® History of non-hemorrhagic CVA within 1 year
Relative contraindications

Presenting blood pressure >180/110

History of chronic severe hypertension

Active peptic ulcer

Pregnancy

Internal bleeding within 4 weeks

Noncompressible vascular puncture(s)
Trauma/surgery or CPR within 2—4 weeks

Current use of anticoagulants in therapeutic doses
(INR = 2-3) or known bleeding diathesis

History of prior CVA or known intracerebral
pathology not mentioned in contraindications

CVA: cerebrovascular accident;
CPR: cardiopulmonary resuscitation.

the greatest reduction occurring in patients with
bundle branch block. There is no evidence of
benefit in patients with proven AMI lacking ECG
criteria; in fact, outcomes may be worse. Every
hour of delay to thrombolytics increases death by
1.6 per 1000 patients treated. Complications, how-
ever, are not benign. These include intracranial
hemorrhage in 0.5-1.0% of treated patients. Blood
transfusions are required in 5-15%. The GUSTO
trial of 40,000 patients provides the main support
for the use of alteplase (t-PA) over streptokinase.
Thirty-day mortality of alteplase plus heparin
was 6.3%, while that for streptokinase was 7.3%.
Tenecteplase (also called TNKase) is a modified
form of alteplase which can be delivered by
weight-based single bolus dosing. Comparison
with front-loaded alteplase in the ASSENT-2 trial
showed equivalent mortality and complication
outcomes.

Dosing: Streptokinase: 1.5 million units IV over
60 minutes.

Alteplase: 15mg IV bolus, then 0.75mg/kg
(50 mg maximum) over 30 minutes, then 0.5mg/
kg (35mg maximum) over the next 60 minutes.
Concurrent heparin infusion.

Tenecteplase: Single IV bolus over 5seconds
based on body weight: <60kg = 30mg,
60-69kg = 35mg, 70-79kg = 40mg, 80-89kg =
45mg, =90kg = 50mg.

Glycoprotein IIB/IlIA inhibitors

Glycoprotein IIB/IIIA (GP IIB/IIIA) inhibitors
block platelet aggregation by inhibiting binding
of fibrinogen at the GP IIB/IIIA platelet receptor.
They have been shown to be of significant
benefit when given to patients receiving percutan-
eous coronary intervention (PCI). It remains
controversial whether patients with USA and
non-ST-segment elevation MI (NSTEMI) benefit
from IIB/IIIA receptor antagonism. Recom-
mended indications for their use include ele-
vated cardiac markers, continuing ischemia, or
transient ST changes >0.5mV despite aspirin
and heparin therapy.

Percutaneous coronary intervention

Percutaneous coronary intervention (PCI) is an
alternative to thrombolysis if performed within
90 minutes of presentation. Operator experience
has been shown to have a significant impact on
outcome. High volume centers have recently been
shown to produce significantly better results com-
pared to the administration of thrombolytics,

Primary Complaints 207

ured 1sayn



uled 1sayo

while low volume centers have been shown to
produce outcomes inferior to that of thromboly-
sis. Indications for PCI include: an alternative to
thrombolysis in patients if performed within 90
minutes of presentation, persisting or recurring
pain despite aggressive noninvasive therapy, pres-
ence of cardiogenic shock >36 hours after AMI,
and when thrombolysis is contraindicated.

Angiotensin-converting enzyme inhibitors

Angiotensin-converting enzyme (ACE) inhibitors
are recommended in all patients with AMI (espe-
cially with CHF and systolic blood pressure
greater than 100 mmHg) based on the ISIS-4 and
GISSI-3 trials. Treatment should begin within the
first 24 hours but not necessarily in the ED.

Dosing: Begin at the lowest starting dosage for
the chosen ACE inhibitor.

Clopidogrel

Clopidogrel is an adenosine diphosphate receptor
antagonist that acts to inhibit platelet aggregation.
It is indicated instead of aspirin when a patient is
aspirin-allergic. The recent clopidogrel in unstable
angina to prevent recurrent events (CURE) trial
showed that clopidogrel in addition to aspirin
improved outcomes when given to high-risk
patients; that is, those with dynamic ECG changes
or elevated cardiac markers. Outcomes were
worse when clopidogrel was given to patients
who underwent coronary artery bypass grafting.
Dosing: 300 mg oral load, then 75mg/day.

Aortic dissection

The goal of aortic dissection (AD) treatment in the
ED is to decrease shearing stress on the aorta by
decreasing cardiac inotropy and lowering blood
pressure. Any patient with a high suspicion for
dissection should be started immediately on a
beta-blocker, achieving a desired heart rate of
50-60 beats per minute. Options include meto-
prolol or labetalol, which has the additional bene-
fit of some alpha-blockade, or esmolol, which has
the benefit of an ultra-short acting effect (seconds
to minutes). If beta-blockers are contraindicated,
calcium channel blockers with negative inotropic
effects, such as diltiazem, should be given. For
additional control of SBP, nitroprusside is often
recommended.

Management depends on the location of
involvement. Dissection which involves any

portion of the ascending aorta (Type A) requires
emergent surgical repair. If involvement is lim-
ited to portions of the aorta distal to the right bra-
chiocephalic takeoff (Type B), attempts at medical
management are warranted.

Pulmonary embolism

Initial treatment of PE is with heparin. If IV
unfractionated heparin is used, weight-based
dosing and treatment algorithms improve the
rate of therapeutic heparinization. Patients with
sub-therapeutic heparinization in the first
24 hours experience up to 15 times the rate of
recurrent thromboembolism compared with
patients who reach therapeutic anticoagulation.
Low molecular weight heparins (enoxaparin and
tinzaparin) are approved for patients with PE
who have documented DVTs. Clinical trials in
PE, although limited, show equivalence between
heparins in complications and efficacy. Coumadin
should be started in the first 24 hours. Coumadin
is contraindicated in pregnancy. Weight-based
dosing for IV unfractionated heparin is
80 units/kg bolus, followed by an 18 units/kg/
hour infusion. The goal is a partial thromboplas-
tin time (PTT) of 46-70 seconds. For low molecu-
lar weight heparins, dosing of enoxaparin is
1mg/kg SQ BID and dosing of tinzaparin is 175
anti-Xa IU/kg SQ daily.

Indications for vena caval filters include: recur-
rent thromboembolism despite adequate antico-
agulation, active bleeding or high risk for
bleeding, or history of heparin-induced throm-
botic thrombocytopenia. Indications for throm-
bolysis include hemodynamic instabililty due to
PE or massive iliofemoral venous thrombosis
(phlegmasia cerulea dolens). Indications for
thrombectomy include chronic thromboembolic
pulmonary hypertension or massive PE in
patients with contraindication to thrombolysis.

Disposition
Admission vs. discharge

Admission rates are high for patients with chest
pain, since it is difficult to exclude life-threaten-
ing disease without an extended period of obser-
vation. Admission rates vary in studies from 30%
to 70%. Any patient with chest pain who has con-
cerning findings, such as abnormal vital signs, an
abnormal ECG, or elevated cardiac enzymes
requires admission. In addition, any patient with
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a potentially life-threatening cause for symptoms
who is awaiting definitive testing to exclude dis-
ease should be admitted (or transferred to a hos-
pital where the study is available) if testing
cannot be performed in a reasonable time period
given the clinical situation. In a patient with pos-
sible ACS, repeat evaluation with serial examina-
tions, repeat ECGs, and cardiac marker testing is
required. In addition, a noninvasive evaluation
such as exercise treadmill testing is needed to
exclude USA. If it is possible to obtain these in
the setting of a chest pain observation unit, it may not
be necessary to admit these patients. In a patient
with suspected aortic dissection, a normal CT scan
of the chest is reassuring for safe discharge if
other concerning etiologies have been excluded.
In the patient with suspected PE, negative
CT pulmonary angiography or low-probability
ventilation/perfusion scanning excludes disease
in the low-risk patient. Moderate- or high-
suspicion patients must receive further testing.
Any patient who is discharged with chest pain
should have close follow-up arranged, with clear
instructions to return for concerning symptoms
such as recurrent or increasing pain, shortness of
breath, lightheadedness, neurologic symptoms,
or other concerns.

Pearls, pitfalls, and myths

* Given the range of potentially life-
threatening conditions associated with the
complaint of chest pain, the history,
physical examination, diagnostic testing,
and treatment of such patients should
proceed in parallel.

* Consider other diagnostic possibilities in
addition to cardiac ischemia in patients with
chest pain.

¢ Do not exclude diseases such as PE or ACS
simply on the basis of lack of risk factors.

* Recognize the limitation of emergency testing
(Iaboratories, ECG, CXR) to exclude the
presence of life-threatening diseases such as
ACS, PE, and AD.

¢ Do not ignore high-risk findings, even in a
patient with many low-risk findings.

e Beware of using a single negative cardiac
marker to exclude AMIL

* Negative cardiac markers do not exclude
USA.
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14 Constipation

Victoria Brazil, MBBS

Scope of the problem

Constipation may be defined as either stool fre-
quency of less than three per week or, more gen-
erally, as difficulty in passing stool. In either case
it should be recognized that constipation is a
symptom, not a medical diagnosis.

It has been estimated that the prevalence of
constipation in the adult population of industri-
alized nations is as high as 20%. There are approxi-
mately 2.5 million physician visits per year in
the US for this symptom, and at least 20% of the
population habitually use over-the-counter laxa-
tive preparations.

Constipation is a surprisingly frequent chief
presenting complaint in the emergency depart-
ment (ED) despite the medical community’s
attitude of it being a “minor” problem. It is particu-
larly common in the elderly and those with mul-
tiple medical problems, complicating both their
assessment and treatment for other conditions.

It is important to recognize constipation as a
preventable adverse outcome of an ED visit, and
to consider selecting discharge medications with
this in mind.

Anatomic essentials

Normal bowel function has two components —
colonic transit and defecation.

Colonic transit is maintained by smooth muscle
function via bowel wall myenteric plexuses regu-
lating motility and submucosal plexuses regu-
lating absorption, with overall control by the
parasympathetic nervous system. Transit time is
also affected by bowel contents, specifically fiber
and water.

Defecation is a complex series of events in
which rectal distension triggers a series of
reflexes to relax sphincters and pelvic floor
muscles. This is coordinated with an increase in
intra-abdominal pressure to facilitate expulsion
of rectal contents. In infants, this is entirely a
reflex act. Voluntary control of the external anal
sphincter is physiologically possible from the
second year of life, after which children generally
become “toilet trained.” Neurologic disease

including spinal cord injury may obliterate vol-
untary control of this reflex in adults.

History

Itis important to establish what exactly the patient
means when he/she complains of constipation.

How often do you have bowel movements?
When did you last have a bowel movement?

The answers to these questions will help establish
the nature and significance of a patient’s com-
plaints. There is a wide variation in frequency of
bowel movements; adults generally have between
three bowel movements per day to one every
3 days.

What is the consistency of the stool?
Do you ever have difficulty or pain passing
stool?

Many patients with normal stool frequency pre-
sent with a change in consistency of their stool,
or with pain on defecation. These symptoms are
equally as important as stool frequency in sug-
gesting abnormal bowel function. A history of
gradually diminishing or changing stool caliber
may indicate an obstruction or mass, such as
colon cancer.

How long have you had problems with
constipation?

This information helps ascertain the acuity of the
problem. Long-term problems which have slowly
worsened may focus the management on therapy
to relieve symptoms, while a new problem or
sudden change prompts a more rigorous focus
on diagnostic evaluation. Acute constipation may
represent intestinal obstruction, tumor, stricture,
or volvulus.

Other symptoms

Although sometimes constipation may be a sole
presenting complaint, it is frequently part of a
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symptom complex. It is preferable to ask about
associated symptoms as an open question initially,
but specific enquiry should be made with regard
to the following sentinel-associated symptoms:

Abdominal pain

It is important to recognize that constipation is a
symptom, and should not be attributed as a cause
of abdominal pain without a thorough search for
more sinister etiologies, such as obstruction caused
by colon cancer. This is particularly important in
elderly patients.

Rectal bleeding or dark stools

Hemorrhoids and minor anal trauma causing
bright bleeding are common in those with consti-
pation. However, attributing bleeding to these
causes should be done only after endoscopic or
other evaluation has excluded malignancy, inflam-
matory bowel disease or diverticulitis. Risk of
malignancy increases with increasing age.

Weight loss

This may occur in conjunction with constipation
due to malignancy or hypothyroidism.

Diarrhea, flatulence, foul-smelling feces

Inconsistent bowel habits require investigation
for tumors or malabsorption, or may suggest
constipation with overflow diarrhea. Inability to
pass flatus should raise a concern for bowel
obstruction. Diarrhea alternating with constipa-
tion suggests an obstructing colonic lesion or irrit-
able bowel syndrome. Flatulence and bloating
may represent a malabsorption syndrome.

Vomiting

Vomiting rarely accompanies a benign cause of
constipation and may suggest bowel obstruction.

Past medical

Specific inquiry should be made regarding dia-
betes, renal failure, neurologic disorders, spinal
cord lesions, thyroid disease, and depression, as
constipation is common in these conditions.

Medications

Patients should be asked what medications they
take regularly, both prescribed and over-the-
counter. Specific questions regarding herbal

medications and treatments should be asked.
This is to ascertain medications causing constipa-
tion (Table 14.1), and what freatment has been
attempted. Medications responsible for constipa-
tion are best discontinued or modified.

Table 14.1 Medications commonly associated with
constipation

® Analgesics
— Morphine, codeine, tramadol, vicodin, other
opiates
— NSAIDs
® Medications with anticholinergic properties
— Tricyclic antidepressants
— Antihistamines
Phenothiazines (e.g., antipsychotics)
— Antispasmodics (e.g., hyoscyamine, baclofen,
atropine)
— Antiparkinsonian agents
® Antacids (aluminium-containing)
® |axative abuse
® Cardiac medications — diuretics, calcium channel
blockers, ACE inhibitors, lipid-lowering agents
® Others — iron, phenytoin, barium, bismuth

ACE: angiotensin converting enzyme;
NSAID: non-steroidal anti-inflammatory drug.

Dietary habits

Inadequate dietary intake of fiber and water is
responsible for constipation in the majority of
patients who present with this complaint.

Other lifestyle factors

Immobility due to illness or injury or a sedentary
lifestyle make constipation more likely. Irregular
routines such as traveling or shiftwork also affect
bowel function. Neurovegetative features such
as sleep disturbance or anhedonia may suggest
depression, which has been associated with con-
stipation.

Physical examination
General appearance and vital signs

Those individuals with uncomplicated constipa-
tion should look well. Abnormal vital signs or a
patient in significant pain or discomfort suggests
that the constipation represents a more serious
problem, such as bowel obstruction, perforation
of colonic diverticulum, or ischemic bowel. Signs
of sepsis in a patient with constipation are always
concerning.
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Abdomen

Careful and thorough abdominal examination
should be performed. There may be mild disten-
sion and tympany. In thin patients, stool may even
be palpable on abdominal exam. However, signifi-
cant distension, masses, abnormal bowel sounds or
signs of localized peritoneal inflammation should
prompt an urgent search for significant pathology.
Any abdominal wall scars should be noted.

Rectal

Examination of the anus and rectum may reveal
rectal blood, tumors, strictures, or fissures.
Significant discomfort on examination is suggest-
ive of anal trauma from hard feces. Impacted
feces may be felt on digital examination. This
finding may indicate mechanical obstruction
requiring manual disimpaction, possibly under
some form of sedation. Anal fissures are a com-
mon cause of constipation in young children.

Head-to-toe

The ED examination should be thorough but
focused. Patients should routinely be examined for
signs of hypothyroidism, such as dry, cool skin,
fine or brittle hair, recent weight gain, lethargy, and
hoarse voice. A neurologic examination should
also be performed (Table 14.2). Examination of
other systems should be made according to his-
torical information and as suggested by abdom-
inal findings.

Table 14.2 Clinical features suggestive of neurologic
disease as the etiology of constipation

® Paraplegia — previous trauma, tumor, surgery,
stroke, or congenital cause

® Acute spinal pathology — abnormal tone, power,
reflexes or sensation in lower limbs, particularly if
bilateral and symmetrical

® Autonomic dysfunction — lability of heart rate or
blood pressure, orthostatic hypotension, urinary
retention, or incontinence

® Parkinson’s disease — fine tremor, shuffling gait

® Demyelination, polyneuropathies — focal neurologic
deficits in any of spinal, peripheral or upper motor
neuron distributions

Differential diagnosis
Most common
¢ Inadequate fiber and fluid in the diet

e Lifestyle factors — immobility,
medications (Table 14.1)

® Pregnancy

¢ Painful perianal region — hemorrhoids,
abscesses, fissures, herpes infection

e [Irritable bowel disease

¢ General debility

¢ Chronic laxative abuse

In this group, the etiology is frequently multifac-
torial.

Less common

* Metabolic — hypothyroidism, hypokalemia,
hypercalcemia, renal failure

Intrinsic bowel lesions — tumors, strictures
Inflammatory bowel disease

Diverticulitis

Volvulus, hernias, adhesions, pelvic or
abdominal masses

¢ Neurogenic disorders

Autonomic dysfunction, including diabetes
Spinal cord lesions

Multiple sclerosis

— Amyotrophic lateral sclerosis
Parkinson’s disease

Cerebral palsy

Uncommon

e Scleroderma
* Lead poisoning

Pediatric considerations

Imperforate anus, colonic or rectal atresia
Meconium ileus

Hirschsprung’s disease

Cystic fibrosis

Intussusception

Diagnostic testing

History and examination should allow the emer-
gency physician to determine the urgency with
which diagnostic testing should be undertaken
in the patient presenting with constipation. In
those previously investigated having an exacer-
bation of a chronic problem, diagnostic testing
may not be necessary.

Laboratory studies

These tests should be ordered as directed by history
and examination. Hypokalemia and hypercalcemia
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may cause constipation. Tests of thyroid and renal
function may be helpful in a patient not previously
evaluated, as thyroid disease, renal disease, and
dehydration may cause or contribute to con-
stipation. [ron deficiency anemia may be present in
a patient with colon carcinoma, so a complete
blood count (CBC) should be considered.

Radiologic studies

Erect and supine abdominal radiographs may
assist in evaluating possible bowel obstruction,
particularly in patients with prior abdominal sur-
gery, vomiting, significant abdominal distension,
abdominal pain or an acute/subacute history of
constipation. Erect chest films may be useful to
look for free air under the diaphragm associated
with bowel perforation. Visualization of “fecal
loading” on plain abdominal radiographs rarely
changes management and should not be used as a
diagnostic test in the absence of other indications.

Abdominal computed tomography (CT) is a
low yield test in the ED for evaluation of consti-
pation alone, but may be extremely useful if the
evaluation is part of a work-up for abdominal
pain or malignancy.

Outpatient studies

Patients referred to their primary care physician
from the ED may ask what investigations might
be performed as an outpatient. These may include
colonoscopy, endoscopy, intestinal transit studies,
or anorectal manometry.

General treatment
principles

Assess whether the constipation is part of
a symptom complex (e.g., with abdominal
pain) representing a life-threatening
emergency?

As always, identify and treat any immediate life
threats first. This might occur in patients with a
perforated colon carcinoma, ischemic bowel, or
ruptured appendix.

Red flags for serious conditions include abnor-
mal vital signs, a “sick” patient, rebound or guard-
ing on abdominal examination, and co-morbidities
such as advanced age, chronic steroid treatment,
or previous abdominal operations.

Action includes evaluation of the airway,
breathing, and circulation (ABCs), resuscitation

as appropriate, and a thorough investigation,
usually in consultation with a surgeon.

Decide whether this presentation represents
an acute crisis or complication in a patient
for whom constipation is a long-term
problem?

An acute crisis may occur in patients who develop
bowel obstruction or become completely impacted,
or in those who have developed new medical
problems or have changed medications. These
patients require a focus on diagnostics in the ED.

Specific therapy

Treatments need to be tailored to the individual
patient. Attention to dietary and lifestyle factors
may be sufficient for mild cases of constipation
and will likely improve the success rate of other
treatments. More than 700 laxative preparations
are available over-the-counter. Review of the med-
ical literature reveals little difference in effective-
ness between laxatives. Common regimens for
the treatment of constipation are provided in
Table 14.3.

Table 14.3 Common regimens for the treatment of
constipation

Mild constipation

® Senna and docusate (Senakot-S): 2 tablets PO
qd for 3—4 days until relief or

® Psyllium (metamucil): up to 30 grams PO per day
in 2-3 divided doses  or

® Magnesium hydroxide (milk of magnesia):
30-60 ml regular strength liquid PO

Moderate constipation

as above plus

® Lactulose: 15-30 ml (syrup) or 10-20 grams
(powder for oral solution) PO qd  and/or

® Glycerin: One adult or infant suppository PR as
needed or

® Sodium phosphate (Fleet enema): 1 adult or
pediatric enema PR (Caution if renal failure or
insufficiency) or

® Magnesium citrate: 150-300 ml PO divided
qd-BID (Caution if renal failure or insufficiency)

Severe constipation

as above plus

® polyethylene glycol with electrolytes (GoLytely):
2-4L over PO 4 hours and/or

® Soap suds enema in the ED

BID: two times a day; ED: emergency department;
PO: per os; PR: per rectum; QD: every day.

214 Primary Complaints



Therapeutic manual disimpaction may be
required, and patients may require sedation for
the procedure. Laxative preparations will be
required after the procedure to establish normal
bowel habit.

Disposition

Assess whether anything in the systems
review suggests a more extensive
investigation is needed. If so, where should
this be performed?

Inpatient evaluation may be required for patients
who have severe symptoms such as pain, and for
those with new diagnoses of severe hypothy-
roidism, significant anemia, or neurologic deficit
on clinical examination. Referral to an inpatient
specialist should occur after reversible causes
have been treated in the ED.

Oupatient referral to a gastroenterologist
should be made for patients with:

1. chronic constipation associated with weight
loss, anemia, or change in stool caliber;

2. refractory constipation, and;

3. constipation requiring chronic laxative use.

Is it appropriate for the patient with
uncomplicated constipation to receive
symptomatic relief with laxatives or
enemas at home?

This requires that bowel obstruction has been
excluded, and that other social and medical consid-
erations have been taken into account. These
include the patient’s level of self-care, ability to
administer treatment, other co-morbidities, ability
to follow-up with a primary care physician, and the
ability to return to the ED if the problem worsens.

Discharge instructions should include discus-
sion of diet (including fluid intake) and behavior
modification such as exercise and “normalizing”
daily routines.

Special patients
Elderly

Constipation in the elderly is more common, more
difficult to treat, and more frequently represents
serious pathology. Elderly patients are less likely
to be able to manage treatment at home, and more
likely to develop complications from constipation
or from treatment. However, the general princi-
ples and approach are unchanged.

Pediatric

Bowel habits vary more commonly in children,
so the problem of constipation is more difficult
to define. The etiology is less commonly organic
in nature and more frequently functional or
behavioral. This should not preclude a thorough
evaluation and investigation for organic causes.
Presentations of organic etiologies may be non-
specific including poor feeding, irritability, or
even dyspnea. Referral to a pediatrician or fam-
ily practitioner is essential for appropriate ongo-
ing care. Neonates are a special group, and the
diagnoses of imperforate anus, meconium ileus
and Hirschsprung’s disease must be considered.

Neurologic disease

Patients with neuromuscular disorders or spinal
cord lesions generally have recurrent problems
with constipation. Spinal patients can often train
defecation reflexes to come under “voluntary”
control (e.g., stroking their inner thigh). The con-
dition of autonomic dysreflexia presents as high
and labile blood pressure and diaphoresis in
patients due to overwhelming autonomic nervous
system stimulation. When this critical condition
occurs, patients usually appear unwell. Fecal
impaction with rectal distension is a recognized
precipitant and needs to be treated urgently.

Pearls, pitfalls, and myths

¢ Do not attribute abdominal pain to
constipation without careful consideration —
they are both symptoms, not diagnoses.

* Simple fecal loading does not cause signs of
peritonitis on abdominal examination, or
abnormal vital signs.

* Feces evident on plain radiographs is
normal — imaging is not a diagnostic
modality for constipation. Imaging should be
used to exclude alternative pathologies.

* Most constipation is caused by lifestyle,
dietary factors and medications that are
amenable to modification.

e Although thorough evaluation of
constipation is warranted in all age groups,
most patients can be investigated as
outpatients in the absence of complicating
features on history or physical examination.

¢ Consider constipation as a potential adverse
outcome of all ED visits. Carefully consider
all discharge medications, and advise
patients accordingly.
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15 Crying and irritability

Lee W. Shockley, MD

Scope of the problem

Small children cry and cry and cry. In part, this is
due to the limited repertoire of communication
skills they possess. They cry because crying is
remarkably effective; there is no other infant
behavior that elicits an adult’s attention and
response more reliably than the cry. At 2 weeks of
age, the average crying time of a normal infant is
2 hours per day. By age 6 weeks, that increases to
nearly 3 hours per day. Fortunately, it decreases
to about 1 hour per day by 12 weeks of age.

Inconsolable crying is a very challenging pre-
sentation for several reasons: the child (usually
under 2 years of age) may have nonspecific
symptoms (or no symptoms at all except for the
crying), and the associated diseases can range
from benign to life-threatening. Inconsolable cry-
ing is also very challenging for parents. The pri-
mary focus of the emergency practitioner should
be to search for and rule out serious causes of
crying and irritability. Benign etiologies, although
more common, should be established only after
first considering the serious etiologies.

Pathophysiology

Crying is one of the only ways by which an infant
communicates discomfort or distress. In that
sense, it is a nonspecific form of communication.
However, the infant’s cry is probably more than a
distress signal. Studies of the acoustic qualities of
infant cries indicate that the cry probably contains
“encoded” messages about the state of early neu-
rologic development. These characteristics are the
result of various muscular factors of the vocal
anatomy combined with autonomic influences
and central nervous system control. It is well rec-
ognized that infants with neurologic immaturity
have abnormal cries; the cries of infants who are
small for gestational age (SGA) correlate with the
ability to modulate their state and quality of alert-
ness. Infants suffering from meningitis, birth
asphyxia, or hyperbilirubinemia classically are
described as having high-pitched cries delivered
in short bursts. The distinctive cri-du-chat (“cry of
the cat”) is associated with trisomy 18.

There is no single acoustic characteristic that
differentiates a normal infant’s cry from that of an
abnormal infant. Several characteristic cries that
may be associated with neurologic impairment
have been described:

* Very high or low pitch;

¢ Extreme changes in pitch, little or no change
in pitch, or rapidly fluctuating sounds;

* Extreme variation in length of individual cry
bursts;

* Very short to very long latency to cry (very
high or low threshold to cry after a stimulus);

¢ Flat, atonal, or stark cry with no harmonic
quality, fullness, or overtones;

¢ Non-harmonic sounds that interrupt the cry.

Parents are unlikely to bring an infant to an
emergency department (ED) for a cry they believe
is normal. Parents tend to bring their child in for
evaluation of the crying when:

1. they cannot identify the source,
2. they cannot console the infant,
3. the crying is longer than usual.

The words that the parents use to describe the
crying may be very helpful in determining its
etiology.

History

Physicians must rely on the parents and care
providers to give a history. It is important to
ascertain the onset, frequency, and duration of
crying. Parents often report a distinctive cry for
various situations; the infant may have one cry
that communicates hunger and another that com-
municates fatigue. Abnormal characteristics of an
infant’s cry often elicit a parental response of con-
cern, prompting a visit to the pediatrician or the
ED. The complaint of an abnormal cry may be the
only clue to a serious condition. However, a care-
ful history can provide clues for the cause of
abnormal crying in approximately 20% of cases.
The child’s medical history (including birth
history, pregnancy complications, hospitaliza-
tions, illnesses, surgeries, and allergies) should
be reviewed. The clinician should ask about recent
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medication use, illnesses, and immunizations.
Excessive persistent crying is a well-documented
side effect of the diphtheria, pertussis, and
tetanus (DPT) vaccine and is probably related to
a painful local reaction at the site of the vaccin-
ation. Furthermore, parents may be able to pro-
vide valuable clues by exploring feeding habits
(including changes in the diet), bowel habits, urin-
ation, fever, sick contacts, level of activity, and
ability to be consoled.

Physical examination

The primary goal of the physical examination is to
identify painful conditions which might lead to
excessive crying. A careful physical examination
can find the cause for abnormal crying in an add-
itional 40% of infants (on top of the 20% diagnosed
by the history alone). Although it is important to
conduct a thorough physical examination, there
are several high-yield examinations to perform
(Table 15.1)

Table 15.1 High-yield examinations in the crying or
irritable child (in descending order)

Otoscopy

Rectal examination

Fluorescein staining of the cornea

Inspection of skin underneath clothing and diapers
Palpation of bones

Oral examination

Auscultation of the heart

Laryngoscopic examination of the hypopharynx
Eversion of the eyelid

Palpation of the anterior fontanelle

Retinal examination

Neurologic examination

General appearance

The general appearance of the infant should be
noted with particular attention to observations of
the cry and consolability with the parents. Will
the child take a bottle? Does feeding calm the
child? What is the child’s tone and posture? How
are the parents reacting to the child? Is the child
interactive with the examiner?

Vital signs

Special attention should be paid to the vital signs.
In particular, what is the heart rate and the

respiratory rate when crying and when calm?
A rectal temperature should be used to assess the
child’s core temperature. Hypothermia as well as
hyperthermia may be signs of sepsis. Pulse oxime-
try should be performed to assess for hypoxia. The
child’s weight should be measured and compared
to previous weights to assess hydration and nutri-
tional status. It is also important for calculating
medication and fluid doses, and in assessing the
child’s growth curve at subsequent visits.

Skin

Undress the child completely to examine for
rashes, bruising, insect or spider bites, open
diaper pins in children wearing cloth diapers,
and other signs of trauma. The state of hydration
and perfusion should also be assessed.

Head, eyes, ears, nose, and throat

Examine the head for any signs of trauma and
anterior fontanelle fullness. The ears should be
examined for otitis externa, otitis media, and for-
eign bodies. Examine the eyes for symmetric
pupillary activity or retinal hemorrhages. Evert
the upper eyelids to identify foreign bodies or
lashes under the lid. Apply fluorescein to the
corneas and examine them for corneal abrasions
under ultraviolet light. Examine the nose and
throat for foreign bodies and infection. Examine
the mouth, tongue, and hypopharynx for new
tooth eruptions, trauma, infections, aphthous
ulcers, lesions, vesicles, foreign bodies, and scald
burns on the buccal mucosa or tongue from milk
heated in a microwave oven. A tongue depressor
or laryngoscope (used as a tongue depressor)
may be necessary to visualize the hypopharynx.

Neck

Examine the neck for masses, lymphadenopathy,
tenderness, and rigidity (which may be absent
even in an infant with bacterial meningitis).

Chest

Assess for tachypnea and retractions, and aus-
cultate for abnormal breath sounds.

Abdomen

The abdomen should be evaluated for bowel
activity, distention, tone, tenderness, and masses.
A mass in the left upper quadrant is suggestive
of constipation; a vertical sausage-shaped mass
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is the classic (although rare) finding in intussus-
ception. An olive-sized mass in the epigastrium
in an infant with post-prandial vomiting is
described in pyloric stenosis. Cellulitis or abnor-
mal discharge around the umbilicus or umbilical
stump should be identified.

Genitourinary

Examine for hernias (Figure 15.1) and masses. In
boys, examine the genitalia for testicular torsion,
paraphimosis, and strangulation of the penis or
testes from a hair or thread tourniquet. In girls,
examine for evidence of trauma.

Figure 15.1

Left inguinal hernia with erythema of the overlying
hemiscrotum. Reprinted from Atlas of Pediatric Physical
Diagnosis, 4th ed., Eds Zitelli BJ, Davis HW. Copyright
2002, with permission from Elsevier.

Rectal

Perform a visual examination of the perineum
looking for blood or fissures. Using the tip of the
examiner’s small finger, perform a gentle digital
rectal examination. Although “currant jelly” stool
is a classically described finding in intussuscep-
tion, it is often a late finding indicating bowel
necrosis. An earlier finding is occult blood in the
stool on guaiac testing.

Musculoskeletal

Inspect and palpate the extremities. Specifically,
examine for focal tenderness along bones and
hairs or thread tourniquets wrapped around the
digits (Figure 15.2). Test the range of motion of

the joints, especially the hips, for tenderness and
limitation of motion suggestive of septic arthritis.

Figure 15.2
Hair tourniquet of 2nd toe.
Courtesy: S.V. Mahadevan, MD.

Neurologic

The neurologic examination should include an
assessment of the infant’s overall level of activity,
responsiveness, and ability to be consoled. The
examination should assess movement of all of the
extremities and muscle tone.

Differential diagnosis

Causes of inconsolable crying are legion. They
may be classified as follows.

Head and neck
Head

* Encephalitis

e Headache

e Head trauma (skull fracture, intracranial
hemorrhage, shaken baby syndrome)

® Meningitis

Eye

e Corneal abrasion
* Foreign bodies
e Glaucoma
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Ear

¢ Foreign bodies
e (titis media or externa
e Mastoiditis

Mouth or throat

Aphthous ulcers, herpangina
Burns

Foreign bodies

Oral thrush

Teething

Stomatitis

Chest
Cardiac

e Anomalous left coronary artery
¢ Coarctation of the aorta

¢ Congestive heart failure

¢ Dysrhythmia

Respiratory

¢ Hypoxia
Pneumonia/pneumonitis

Rib fractures

Upper respiratory tract infection

Abdomen

Anal fissure
Appendicitis

Celiac disease
Constipation

Gastric distention
Gastroenteritis
Gastroesophageal reflux
Incarcerated hernia
Intussusception

Milk intolerance or cow’s milk allergy
Peritonitis

Volvulus

Genitourinary

¢ Balanitis

¢ Hair tourniquet syndrome

® Meatal ulceration

* Testicular or ovarian torsion
¢ Urinary tract infection

¢ Urethral foreign body

Extremities

Arthritis

Bites

Burns (immersion, cigarette, etc.)
Contusions

Fractures

Hair tourniquet syndrome
Insect or spider bites

Open diaper pin

¢ Osteomyelitis

Metabolic or toxic

Aspirin overdose

Drug reactions

Electrolyte abnormalities
Hypoglycemia

Inborn errors of metabolism
Metabolic acidosis
Neonatal drug withdrawal
Phenylketonuria

Pre- or perinatal cocaine exposure
Sepsis

Sickle cell crisis

Vitamin A toxicity

Miscellaneous

e Autism

e Caffey disease (infantile cortical
hyperostosis)

Colic

Dermatitis, skin infections
Discomfort (cold, heat, itching, hunger)
Emotional or physical neglect
Idiopathic

Immunization reactions

Maternal depression

Night terrors

Overstimulation

Parental expectations or responses
Persistent night awakening
Temperment

Astudy of 56 infants ages 4 days to 24 months,
presenting to the ED of the Children’s Hospital
of Denver over a 1-year period with acute, unex-
plained, excessive crying, revealed numerous
etiologies (Table 15.2).

Approximately half of the patients seen in the
ED at the Children’s Hospital were referred from
community pediatricians, the remaining half
were “walk-in” patients. Sixty-one percent of the
infants in this study had a condition that was
considered serious as determined by a panel of
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Table 15.2 Diagnoses in children with excessive crying

Diagnosis Frequency (%)
Idiopathic 10/56 (18)
Otitis media 10/56 (18)
Colic 6/56 (11)
Corneal abrasion 3/56 (5)
Constipation 3/56 (5)
Viral illness with anorexia and 2/56 (4)
dehydration
Supraventricular tachycardia 2/56 (4)
Urinary tract infection 1/56 (2)
Mild prodrome of gastroenteritis 1/56 (2)
Herpangina 1/56 (2)
Herpes stomatitis 1/56 (2)
Foreign body in the eye 1/56 (2)
Foreign body in the oropharynx 1/56 (2)
Tibial fracture 1/56 (2)
Clavicle fracture 1/56 (2)
Brown recluse spider bite 1/56 (2)
Hair tourniquet syndrome 1/56 (2)
Intussusception 1/56 (2)
Gastroesophageal reflux with 1/56 (2)
esophagitis
Subdural hematoma 1/56 (2)
Encephalitis 1/56 (2)
Pseudotumor cerebri 1/56 (2)
Vaccine reaction 1/56 (2)
Inadvertent pseudoephedrine 1/56 (2)
overdose
Night terrors 1/56 (2)
Overstimulation 1/56 (2)
Glutaricaciduria, type 1 1/56 (2)

three pediatricians not participating in the study.
A serious condition determination was made if
two or three of the panel members felt the infant
had a condition that required prompt treatment
or had the potential for harm if the condition was
not recognized and treated.

Special attention should be paid to the diag-
nosis of infant colic (paroxysmal fussiness, infant-
ile colic, evening colic, 3-month colic). Infant colic
is a syndrome characterized by:

¢ sudden attacks, usually in the evening;

¢ loud, almost continuous cry lasting several
hours;

¢ the infant’s face is flushed, occasionally with
circumoral pallor;

e abdomen is distended and tense;

legs drawn up, feet are often cold (legs may
extend periodically during forceful cries);
fingers are clenched;

relief with the passage of flatus or feces;
not quelled for long by feeding;

terminates from apparent exhaustion.

The etiology of infant colic is not well under-
stood. The condition affects up to 20% of new-
borns. Infant colic is most common at 1 month of
life and most often resolves by 3 months.

Diagnostic testing

In general, focused diagnostic studies should be
ordered based on suspicions raised from the his-
tory and physical examination or when the
history and physical examination do not reveal
or suggest the etiology of the crying.

Radiologic studies
Chest X-ray

A chest X-ray is indicated to diagnose pneumo-
nia or aspirated foreign bodies. Radiolucent
foreign bodies may be suspected on the basis
of air trapping. This finding is most pronounced
in an expiratory film. In the crying infant, it
may be extremely difficult to coordinate the tim-
ing of the film exposure with expiration; in these
circumstances, bilateral decubitus films can be
ordered. The dependent lung is compressed by
the child’s own weight, simulating expiration.

Skeletal X-rays

Focal areas of tenderness, bruising, or deformity
should prompt the ordering of skeletal X-rays. In
addition, the “skeletal survey” is useful to look
for signs of previous trauma. Several patterns of
skeletal injuries are highly correlated with non-
accidental trauma (NAT) (Table 15.3).

Table 15.3 Skeletal injuries associated with
non-accidental trauma

Spiral fracture of a long bone (Figure 15.3)
Metaphyseal chip fracture
Multiple fractures at different stages of healing

Fractures at unusual sites, such as ribs, lateral
clavicle, sternum, or scapula
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Figure 15.3

Spiral fracture. A spiral fracture courses from the distal
portion to the upper third of the diaphysis. There is
moderate soft-tissue swelling. Reprinted from Atlas of
Pediatric Physical Diagnosis, 4th ed., Eds Zitelli BJ,
Davis HW. Copyright 2002, with permission from Elsevier.

Head computed tomography

In the infant with an abnormal neurologic exam-
ination (especially lateralizing findings), retinal
hemorrhages, signs of head trauma, or suspicion
for NAT, head computed tomography (CT) is
indicated. This study provides information about
brain injuries (contusions and hematomas) as
well as most skull fractures. It may also be help-
ful in diagnosing hydrocephalus or other congen-
ital abnormalities. An inconsolable crying infant
may have to be sedated and closely monitored in
order to obtain this study. It is important, how-
ever, that indicated studies be obtained regardless
of the need for sedation and monitoring, and the
increase in work that such diagnostic tests cause.

Barium enema

A barium or air-contrast enema is indicated when
concerns for intussusception must be answered.
These tests are not only diagnostic but often thera-
peutic, reducing the intussusception. Consul-
tation with a pediatric surgeon and radiologist
are warranted prior to the study in the case that
emergent surgical intervention is necessary (i.e.,
for bowel perforation). Abdominal ultrasonogra-
phy has a role in the diagnosis of intussusception,
depending on the skill of the radiologist.

Esophagram

An esophagram may be necessary to diagnose
esophageal abnormalities, such as tracheo-
esophageal (TE) fistula, webs, reflux, but is rarely
necessary from the ED.

Electrocardiogram

An electrocardiogram (ECG) is indicated to
evaluate the infant with an abnormally fast or
slow heart rate or an irregular pulse. An echo-
cardiogram can also provide information about
structural and flow abnormalities of the heart.

Laboratory studies
Complete blood count and blood culture

A complete blood count (CBC) and blood culture
are included in the workup of a suspected septic
infant (toxic-appearing or febrile without an
obvious source of infection). For a more detailed
discussion, see Chapter 23.

Glucose

A bedside dextrostick can rapidly identify hypo-
or hyperglycemia. Hypoglycemia in the infant is
often associated with sepsis, errors of metabolism,
and certain toxic ingestions. Hyperglycemia may
be the first indication of diabetes.

Electrolytes

Serum electrolytes may be indicated in the evalu-
ation of a crying infant to look for hyper- or
hyponatremia, hyper- or hypokalemia, meta-
bolic acidosis, and hypocalcemia.

Urinalysis and culture

A urinalysis and culture are indicated in crying
infants. Urinary tract infections are common in
infants, particularly girls younger than 12 months,
boys younger than 6 months, and uncircumcised
boys younger than 12 months. They may present
with nonspecific symptoms such as inconsolable

crying.

Lumbar puncture

A lumbar puncture with cell count and differential,
Gram stain, glucose and protein determination,
and culture should be performed if meningitis is
suspected as the cause of inconsolable crying.

Toxicologic screening

Toxicologic screening may be indicated in infants
where acute or chronic exposures are considered.
Be aware, however, that many toxins are not rou-
tinely screened for. Toxicologic screening may
also be negative in cases of drug withdrawal.
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Liver enzymes

Liver transaminases and bilirubin may be used
as a screening test for liver injuries associated
with blunt abdominal trauma. If the clinical
suspicion of abdominal trauma is high or the
liver enzymes are elevated, the clinician should
proceed to CT scanning of the abdomen.

Amino and organic acid studies

Amino and organic acid studies may be ordered
in cases in which an inborn error of metabolism
is suspected. These studies are rarely indicated in
the ED, however.

General treatment
principles

There is no single medication that can be recom-
mended for the crying infant because of the large
variety and spectrum of etiologies responsible.

Several treatments have been advocated for
infant colic, including:

* use of a pacifier;

e motion, such as rocking the infant, a bounce
chair, a car ride, or a car seat on top of a dryer;
softly massaging the infant’s back or abdomen;
playing relaxing music;

simethicone drops;

changing the infant’s diet, feeding schedule,
or techniques.

Unfortunately, none of these is guaranteed.

Special patients

Infants who were premature or are immunocom-
promised are at special risk for infectious etiolo-
gies as the cause of inconsolable crying.

Risk factors for NAT include:

¢ Unwanted children: accidental pregnancies,
illegitimate births, the opposite sex from
what the parents desired, being born during
periods of crisis or a former relationship.

e Difficult to rear: poor feeders, fussy behavior,
abnormal sleep patterns, excessive crying,
retardation, hyperactivity, behavior
disorders, handicaps, or chronic disease.

e Poor maternal—child bonding: premature
infants, infants separated from their mothers
because of illness, stepchildren, or foster
children.

e A parent who is an abuser of alcohol or other
drugs.

¢ Intergenerational patterns of abuse.

* A parent with poor impulse control or very
rigid and unrealistic expectations of children.

Be suspicious for NAT in:

¢ inconsistent or discrepant histories;

* injuries that are inconsistent with the child’s
age and development;

alleged self-inflicted injuries;

unexplained injuries;

accusatory histories;

delays in seeking medical care;

past histories of abuse (or abused siblings);
presentations for apparently unrelated
complaints;

¢ unusual bruising;

e unusual burns;

o skeletal injuries in different stages of healing,
multiple fractures, metaphyseal injuries, and
an exaggerated periosteal reaction;
intracranial injuries;

retinal hemorrhages;

intra-abdominal injuries;

renal injuries;

bruising and laceration of the upper lip,
frenulum, and floor of the mouth;

* psychiatric complaints;

¢ developmental delay.

Disposition

The disposition of the infant with persistent crying
and irritability will likely be dictated by the
ultimate diagnosis. The conditions that are serious
should prompt consultation and hospitalization.
Most of the etiologies are benign and can be fol-
lowed as an outpatient. If an etiology cannot be
established after a thorough evaluation, the family
is reliable and will return should the infant’s con-
dition change, and adequate follow-up arrange-
ments can be made, the infant can be discharged.
If the decision to discharge the patient is contem-
plated, it should be done only after a period of
observation in the ED (perhaps 2—4 hours). If there
are concerns about parental reliability or safety, the
child is best admitted to the hospital.

Pearls, pitfalls, and myths

¢ Ask about medication use, including over-the-
counter medications and medications used
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by a breast-feeding mother. This should
include topical medications that a breast-
feeding mother may apply to her nipples.
Listen to the parents’ descriptions of the cry
and document their words. It can
occasionally be helpful in making the
diagnosis.

Undress the infant completely and perform a
comprehensive physical examination.
Always consider the possibility of NAT.
The diagnosis of excessive crying should be
made using a process of elimination, after
ruling out the more dangerous causes.
Paradoxical inconsolability (an increase in
crying associated with efforts at consolation,
such as lifting or rocking) can be associated
with meningitis, peritonitis, fractures,
arthritis, or abuse.

All infants who are not admitted need good
follow-up care arranged prior to leaving the
ED. Included in the instructions should be a
list of things which should prompt a return
to the ED for reevaluation.

Children with infant colic often show
decelerated growth. Failure to thrive should
make one suspicious about the diagnosis of
infant colic.

Sedatives (chloral hydrate, phenobarbital,
alcohol, antihistamines) should not be used
for the treatment of inconsolable crying.

All 50 states have laws for the mandatory
reporting of suspected NAT in children.
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16 Diabetes-related emergencies

Christopher R.H. Newton, MD

Scope of the problem

Diabetes mellitus affects an estimated 11 million
people in the US and over 100 million worldwide.
Approximately 90% of these patients have type 2
or non-insulin-dependent diabetes. The remain-
der are classified as type 1 or insulin-dependent
diabetics.

Diabetes is characterized by chronic hyper-
glycemia that often requires lifelong treatment.
Untreated, chronic hyperglycemia eventually
leads to both micro- and macrovascular compli-
cations affecting virtually every organ system.
As a result, diabetics frequently present to the
emergency department (ED) with complications
such as severe infections, myocardial infarction
(MI), stroke, renal disease, and lower extremity
ischemia and skin ulcerations.

This chapter focuses on the diagnosis and
management of acute metabolic derangements
frequently encountered in diabetic patients.
These consist of diabetic ketoacidosis (DKA),
hyperglycemic hyperosmolar state (HHS), and
hypoglycemia.

Diabetic ketoacidosis

DKA is a potentially life-threatening medical
emergency. It occurs predominantly in type 1
diabetics and accounts for the initial presentation
of glucose-related problems in about 25% of dia-
betics. Despite advances in treatment, the mor-
tality rate for this condition remains 2—4%.

DKA is a syndrome characterized by hyper-
glycemia, ketonemia, and metabolic acidosis
caused by either relative or absolute insulin defi-
ciency. The treatment consists of fluid and elec-
trolyte replacement, together with continuous
low-dose insulin infusion.

Precipitating causes for DKA include infec-
tion, MI, trauma, pregnancy, or stress. In many
cases, there isn’t an intercurrent disease process,
and noncompliance with insulin therapy is rec-
ognized as a significant precipitant of DKA.
Errors of insulin dosage may occasionally be a
contributing factor.

Pathophysiology

The primary abnormality in DKA is an absolute
or relative insulin deficiency. This leads to a rise
in the counter-regulatory hormones (catechol-
amines, glucagon, growth hormone, and corti-
sol). Changes in these hormone levels produce
three major effects:

1. Hyperglycemia resulting from decreased
glucose utilization and increased hepatic
gluconeogenesis;

2. Increased lipolysis leading to ketone body
formation;

3. Increased metabolism of protein and
reduction in protein synthesis.

Hyperglycemia causes a profound osmotic
diuresis resulting in progressive dehydration.
Ketonemia and acidosis may lead to nausea and
vomiting, which exacerbates fluid and electrolyte
losses.

History

Have you had increased thirst or urinary
frequency?

Typically, patients describe the gradual onset of
polyuria (increased urinary frequency) and poly-
dipsia (increased thirst) with fatigue and pro-
gressive weight loss.

Have you had nausea, vomiting, or
abdominal pain?

A combination of increased ketones and
prostaglandin release is thought to contribute to
nausea and vomiting. This can lead to a misdiag-
nosis of gastroenteritis in early DKA. Abdominal
pain is frequently reported in DKA and has many
causes, including gastric distension and ileus.

Have you been following your usual insulin
schedule recently? Have you missed insulin
doses or changed your diet?

This has been increasingly recognized as a pre-
cipitant of DKA, particularly in adolescents who
often find it more difficult to comply with insulin
regimens and eat regular scheduled meals.
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Have you had a fever, painful urination,
cough, or shortness of breath? Have you
had any chest pain or dark stool?

Infection, acute MI, and gastrointestinal (GI)
bleeding are all common precipitants of DKA.
Systemic inquiry should be directed at uncover-
ing these precipitants.

Physical examination

The vital signs are often abnormal in DKA.
Tachycardia is most frequently observed. As fluid
deficits increase, orthostatic hypotension is com-
mon. An elevated temperature is rarely caused by
DKA itself and suggests the presence of infection.
Hypothermia can also be associated with infec-
tion, and has an increased mortality rate in the
setting of DKA.

As the metabolic abnormalities progress, the
patient becomes acidemic, leading to direct stimu-
lation of the respiratory center in an attempt
to compensate. This leads to an increased rate
and depth of respiration, referred to as Kussmaul
respirations. Systemic ketosis is often associated
with an unusual fruity odor that may be detected
by some clinicians on the breath of patients.
Progressive dehydration may also lead to changes
in mental status or coma. A careful abdominal
examination is particularly important in patients
presenting with abdominal pain.

Evidence of infection should always be sought
on examination of diabetics, with particular atten-
tion to the feet, genitourinary (GU) and rectal areas
of elderly diabetics.

Diagnostic testing

Once intravenous (IV) access is established, a
bedside capillary blood glucose test should be
performed. This is usually accurate to around
500mg/dl. If the bedside capillary glucose is
above 300400 mg/d], fluid resuscitation should
be initiated prior to obtaining formal laboratory
results.

The laboratory investigations needed include
serum electrolytes, blood urea nitrogen, creatinine,
glucose, calcium, magnesium, phosphate, and a
complete blood count. Serum ketones should also
be ordered, as the urine dipstick for ketones can be
falsely negative. A blood gas should be obtained to
document the pH. Recent literature has shown a
significant correlation between venous and arte-
rial blood gases; therefore, a venous sample is now
often used for diagnostic purposes.

The serum potassium level is extremely import-
ant. Patients are usually severely potassium
depleted, yet may have high serum levels on the
first sampling. This is caused by acidosis that
enhances potassium release from cells in exchange
for hydrogen ions in an attempt to normalize the
pH. Pseudohyponatremia is common and is
caused by hyperglycemia. The sodium level can
be corrected by adding 1.6meq of sodium for
every 100 mg of glucose above 100mg/dl.

Patients with abdominal pain should also have
amylase, lipase, and liver function tests ordered.

A septic work-up, including blood and urine
cultures and a chest X-ray should be considered,
especially in febrile patients, but depends on the
patient’s presentation.

An electrocardiogram (ECG) is essential to
look for evidence of hyperkalemia and to search
for a possible precipitant of DKA, such as myocar-
dial ischemia.

Guidelines published by the American Diabetic
Association outline a triad of biochemical require-
ments for the diagnosis of DKA:

1. Glucose >250mg/dl;

2. Arterial pH <7.35, venous pH <7.30, or
bicarbonate <15meq/1;

3. Ketonemia or ketonuria.

General treatment principles

Many EDs now have clinical guidelines and
pathways available for the management of DKA.
Treatment is usually initiated after obtaining a
history suggestive of DKA and a confirmatory
high bedside glucose.

1. Fluid replacement

Vigorous fluid resuscitation is mandatory and
should be initiated prior to laboratory results
being available. Fluid restores intravascular vol-
ume and improves perfusion to vital organs. It
also begins to lower the serum glucose. The initial
fluid of choice is normal saline. Generally, in
adults, the first 2 liters should be given over the
first 2 hours. An additional 2 liters should then be
given over the next 4 hours. After that, fluid can be
titrated to the patient’s clinical improvement and
perceived hydration state. A number of studies
suggest that hypotonic solution should be used
after the initial resuscitation. A 5% dextrose-
containing fluid should be used when the glucose
level falls below 300 mg/dl.

Excessive fluid replacement has been previ-
ously cited as a cause of important complications,
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such as cerebral edema and adult respiratory dis-
tress syndrome. However, it is more common that
patients are under-resuscitated then fluid over-
loaded. It is now recognized that fluid resuscitation
probably has little or no role in the development
of these complications.

2. Insulin therapy

Insulin therapy is usually initiated once the
serum electrolytes become available to ensure
that the patient is not hypokalemic. This is due to
the fact that insulin drives potassium intracellu-
larly and can cause life-threatening dysrhyth-
mias or respiratory paralysis in hypokalemic
patients. Insulin therapy is administered by an
initial 0.1 units/kg IV bolus followed by a contin-
uous infusion of short-acting insulin, usually at a
rate of 0.1units/kg/ hour (maximum usually
10 units/hour initially). The IV tubing should be
flushed prior to starting the infusion because
insulin adheres to its walls, which can make the
initial dosing erratic. A bedside capillary glucose
should be monitored hourly when an insulin
infusion is used.

The insulin infusion should be continued until
the serum ketones are cleared and the patient’s
anion gap (sodium minus chloride and bicarbo-
nate) has normalized (<12-14). Resolution of
hyperglycemia usually occurs prior to this, so dex-
trose must be provided to ensure normoglycemia.

3. Potassium replacement

Patients with DKA usually have profound deple-
tion of total body potassium caused by insulin
deficiency, acidosis, osmotic diuresis, and vomit-
ing. However, the initial potassium is usually
normal or even high secondary to acidosis that
drives hydrogen intracellularly and potassium
extracellularly. Once fluid and insulin replace-
ment are initiated, potassium is forced intracellu-
larly and the serum level can drop dramatically.
The decision to replace potassium is made after
the serum electrolytes become available because
of the potentially life-threatening consequences
of giving potassium to a patient with hyper-
kalemia. Peaked T-waves, prolonged PR intervals,
and widened QRS complexes on the ECG provide
early evidence of hyperkalemia prior to the serum
electrolytes becoming available. For this reason, a
stat ECG is included in the initial evaluation.
A stat potassium may be run off arterial blood
from an ABG.

Potassium replacement should be initiated in
all patients unless the serum level is greater than
5.5meq/liter or the patient is anuric. Potassium is
usually given as potassium chloride at an IV rate
not faster than 5-15meq/hour. Patients with an
initial potassium less than 3.5meq/liter need
more aggressive replacement prior to initiation of
the insulin infusion. The goal is to maintain potas-
sium in the normal range of 4-5meq/liter while
avoiding life-threatening hypo- or hyperkalemia.

Bicarbonate replacement is controversial and
is not routinely recommended for the emergency
management of patients in DKA. Despite a num-
ber of clinical trials assessing the efficacy of
bicarbonate, none has shown improvement in
clinical outcomes. Bicarbonate can be considered
for patients with an initial pH of less than 7.0.

The replacement of phosphate remains con-
troversial and it is not routinely done in the ED.
Despite theoretical benefits, there appears to be
no clinical benefit from the routine administra-
tion of phosphate in patients with DKA.

Serum glucose and electrolytes should be
checked at 0, 2, and 4 hours from presentation
and then every 4 hours during insulin infusion
and potassium replacement. Capillary glucose
should be checked at 0, 1, and 2 hours after pre-
sentation and then every 1-2 hours while on the
insulin drip.

Many hospitals now use DKA flow sheets that
keep track of vital signs and laboratory results,
which makes both patient management and docu-
mentation more efficient and reliable.

Special patients

Pediatric patients in DKA have a higher rate of
developing cerebral edema. The exact reasons for
this are unknown. A recently published study
showed that children with DKA who have low
partial pressures of arterial carbon dioxide and
high serum urea nitrogen concentrations at pre-
sentation, and who are treated with bicarbonate
are at increased risk for cerebral edema. Children
should have fluid replaced judiciously and be
admitted to a specialist knowledgable in the
management of pediatric DKA.

Pregnancy predisposes individuals to both dia-
betes (gestational) and DKA. Pregnant patients
in DKA have higher rates of complications for
mother and baby. Maternal acidosis decreases
fetal blood flow, and may cause fetal demise. As
with children, pregnant patients in DKA should
be cared for by specialists comfortable with the
care of diabetes in pregnancy.
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Patients with congestive heart failure can be
particularly difficult to manage. They require
fluid resuscitation, yet can easily become fluid
overloaded because of poor cardiac function.
Although usually unnecessary, monitoring of cen-
tral venous pressure or pulmonary artery wedge
pressure should be considered for patients with a
history of prior congestive heart failure.

Patients with renal failure and DKA require
careful fluid and potassium replacement.
Management often requires input from a
nephrologist or critical care specialist.

Disposition

The vast majority of patients with DKA require
admission to a setting where frequent monitoring
of vital signs and serial blood draws can occur.
Patients with altered mental status, hypotension,
or severe acidosis should be admitted to the
intensive care unit. Many hospitals have policies
that dictate admission criteria for DKA patients
on insulin drips.

Complications

Cerebral edema and adult respiratory distress
syndrome (ARDS) are rare but life-threatening
complications of DKA. Cerebral edema occurs
primarily in pediatric patients. It manifests as
progressive deterioration in mental status 6-10
hours after the initiation of therapy. There are no
warning signs or clinical predictors. Patients who
develop cerebral edema should be aggressively
treated with mannitol and dexamethasone in col-
laboration with an intensivist.

Dyspnea, hypoxemia, and diffuse pulmonary
edema on chest X-ray are the classic findings of
ARDS. Patients often require ventilatory sup-
port. As with cerebral edema, mortality is high.

Iatrogenic complications include pulmonary
edema from over-aggressive fluid resuscitation,
hypoglycemia from inadequate glucose monitor-
ing and failure to add glucose to the fluids when
the serum glucose falls below 300mg/dl, and
hypokalemia. Strict nursing adherence to DKA
management guidelines minimizes the risk of
these complications.

Hyperglycemic
hyperosmolar state

HHS or hyperosmolar hyperglycemic non-
ketotic syndrome (HNKS) is characterized by

hyperglycemia, hyperosmolarity, and dehydra-
tion. Ketosis and acidosis are usually minimal
or absent. HHS is most frequently observed in
poorly-controlled or undiagnosed type 2 diabetics.
Altered level of consciousness is a common finding
and may progress to coma, leading to the former
name hyperosmolar nonketotic coma (HNKC).
However, this term is confusing as the majority of
these patients are not actually comatose. Mortality
in HHS is much greater than in DKA, usually
between 15% and 30%. This higher rate is likely
related to both the underlying disease precipitants
and the elderly population that it affects.

Pathophysiology

Insulin resistance leads to inadequate tissue util-
ization of glucose, resulting in hyperglycemia.
Hepatic gluconeogenesis and glycogenolysis fur-
ther elevate the serum glucose level. As the serum
glucose increases, it creates an osmotic gradient
that draws water out of the intracellular space
and into the intravascular compartment. When
the serum glucose level exceeds the kidneys’
capacity to reabsorb it, glucose spills into the urine,
creating glucosuria and an osmotic diuresis.

Patients may be able to keep up with the vol-
ume losses; however, many elderly patients in
nursing homes do not have access to fluids or are
unable to keep up with the excessive fluid losses.
Therefore, they become progressively dehydrated.
These fluid losses often exceed 20% of total body
weight.

The absence of ketoacidosis in patients with
HHS has a number of potential causes, includ-
ing lower levels of counterregulatory hormones,
higher levels of insulin, and inhibition of lipoly-
sis by the hyperosmolar state.

History

HHS is usually seen in elderly patients with a
variety of nonspecific complaints, including
weakness and fatigue. If able to answer ques-
tions, patients may complain of polyuria and
polydipsia for days or weeks prior to seeking
medical attention.

Inquiries about symptoms consistent with pre-
cipitants of HHS, such as infection, M, stroke, or
GI bleeding should be made.

Physical examination

Altered mental status and abnormal vital signs
are the most frequently encountered findings in
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HHS. It is important to remember that elderly
patients often have a degree of baseline cogni-
tive impairment, making it essential to obtain a
detailed history from the family or caregiver
about any change from that baseline. The degree
of lethargy and coma exhibited correlates well
with their serum osmolality.

Patients in HHS usually exhibit evidence of
volume depletion, such as poor skin turgor, dry
mucus membranes, and orthostatic hypotension.
Evidence of cellulitis or melena should be sought
during the physical examination.

Diagnostic testing

The initial diagnostic work-up for HHS is similar
to that for DKA, with the addition of sending a
serum osmolality. An ECG should be performed
as early as possible. Precipitants of HHS should
be considered when ordering other studies. Blood
cultures, cardiac enzymes, chest X-ray, head com-
puted tomography (CT), and lumbar puncture
should be guided by the clinical presentation.
Arterial blood gases are usually unnecessary unless
there is a pulmonary component to the acid-base
abnormality.

HHS is defined by a serum glucose greater
than 400mg/dl and a calculated plasma osmolal-
ity greater than 315mOsm/liter in the absence of
ketosis. In practice, the serum glucose level is usu-
ally greater than 600 mg/dl and the osmolality is
greater than 350 mOsm/liter, with marked elec-
trolyte abnormalities. Acidosis and ketones can be
seen occasionally and are usually explained by the
precipitant of the HHS.

General treatment principles
1. Fluid replacement

The initial resuscitation is aimed at restoring
adequate tissue perfusion and decreasing serum
glucose. The average fluid deficit in HHS is 8-12
liters, often double the deficit encountered in
DKA. Half of this fluid deficit should be replaced
IV over the first 12 hours, with the remainder
over the next 24 hours. The actual rate of fluid
administration is highly variable and depends
on the estimated fluid deficit, the patient’s weight,
and the degree of renal and cardiac impairment.
Isotonic saline (0.9% NS) is the most appropriate
crystalloid for initial volume restoration. This can
then be substituted for half-normal saline (0.45%
NS) when vital signs have normalized and there
is adequate urine output.

2. Potassium replacement

All patients with HHS have deficits in total body
potassium. An IV infusion of potassium at
10meq/hour should be initiated in all patients
who are making urine and are not hyperkalemic.
Higher rates of potassium replacement may be
necessary if the patient is hypokalemic initially.
Potassium levels should be monitored every
hour until consistently in the normal range.

3. Insulin infusion

After adequate fluid replacement and determi-
nation of the serum potassium, regular insulin
may be given as a continuous IV infusion at
0.1units/kg/hour. The insulin infusion should
be discontinued when the blood glucose is less
than 250 mg/dl. At this point, 5% dextrose should
be added to the maintainence fluid to prevent
hypoglycemia.

Special patients

HHS most commonly occurs in the elderly, who
may have underlying cardiac or renal disease. As
discussed in the DKA section, this makes therapy
much more complicated and results in higher
morbidity and mortality.

Disposition

Most patients with HHS require admission to
an intensive care unit for frequent evaluation,
monitoring of vital signs, and serial blood tests.

Hypoglycemia

Although there is no universal definition, hypo-
glycemia is best defined as a low serum glucose
(usually less than 50 mg/dl) with symptoms that
resolve upon administration of glucose or carbo-
hydrate. The glucose level at which patients
become symptomatic is highly variable, as many
patients report symptoms with normal serum
glucose levels, while others remain asymptomatic
at serum levels less than 50 mg/dL
Hypoglycemia is most commonly encountered
in type 1 diabetics who have missed meals,
increased their exercise, or increased their dose
of insulin. It occurs more frequently in young
diabetics as a result of an increased emphasis on
tight glycemic control. It is also encountered in
diabetics taking oral hypoglycemic agents both

Primary Complaints 229

sa1auabiows pajejal-salaqelq



salouabiowa pajejal-salaqelq

during the course of normal therapy and as a
result of an intentional overdose. Sepsis, alcohol
intoxication, starvation, and liver disease also
may result in hypoglycemia. Adolescents and the
elderly are at increased risks of hypoglycemia.

Hypoglycemia should be considered in any
patient presenting to the ED with altered mental
status or focal neurologic deficits. Rapid diagnosis
is essential, as a delay in the restoration of carbo-
hydrate substrate can lead to permanent neuro-
logic deficits, even death.

Pathophysiology

Glucose homeostasis involves the intake of food as
well as the complex interactions between insulin,
glucagon, and other counter-regulatory hormones.

Following a meal, insulin is the major regula-
tory hormone enhancing glucose utilization for
fuel and storage, while also inhibiting glucose
production.

In the fasting state, low insulin levels promote
mobilization of stored fuel. Hepatic glycogen is
broken down first and is depleted in 24-48 hours
in a person with normal nutritional status. With
prolonged fasting, gluconeogenesis becomes the
primary source of glucose, with possible break-
down of adipose tissue and protein.

Alcohol inhibits hepatic gluconeogenesis and
causes problems when malnourished alcoholics
use up already depleted glycogen stores. Sepsis
also inhibits gluconeogenesis, which in turn can
lead to hypoglycemia.

The brain requires a continuous supply of glu-
cose for normal function. When glucose levels fall,
patients develop neurologic symptoms directly
from a lack of glucose at the brain, and likely
develop adrenergic symptoms from increased
levels of counter-regulatory hormones.

History and physical examination

Hypoglycemia is a great mimic and has a variety
of clinical presentations that can fool even the
most experienced physician.

Adrenergic symptoms are most prominent
when there is an abrupt fall in the blood glucose.
These consist of anxiety, nervousness, irritability,
nausea, vomiting, palpitations, tremors, diaphor-
esis, and sweating. They are often referred to as the
“classic warning symptoms” of hypoglycemia.
Diabetics are usually able to recognize these symp-
toms, and respond by ingesting glucose. For this
reason, they are not commonly encountered in

the ED. Adrenergic symptoms are less prominent
or may be absent in some patients, especially those
on beta-blockers. For these patients, symptoms
related to decreased cerebral glucose predomin-
ate. They range from lethargy and confusion to
combativeness and agitation. Hypoglycemia can
also cause seizures, focal neurologic deficits,
and coma.

Diagnostic testing

The diagnosis of hypoglycemia can be made
at the patient’s bedside with a capillary glucose
level, which can be confirmed with laboratory
serum glucose testing. As discussed previously,
rapid diagnosis is imperative so that treatment
can be instituted in a timely fashion. Early diag-
nosis can also minimize costly work-ups for
patients with altered mental status or focal neuro-
logic deficits.

Further evaluation depends on the patient’s
clinical improvement and possible precipitants.
The response to IV dextrose is usually rapid.
However, hypoglycemia and altered mental sta-
tus can be an initial presentation of sepsis.
Therefore, if the clinical picture fits, the patient
should undergo further work-up including
blood cultures, lumbar puncture, antibiotics, and
admission.

General treatment principles

Once the diagnosis of hypoglycemia is made or
suspected, treatment should be initiated immedi-
ately. In adults, this consists of 1g/kg of 50%
dextrose IV (initially 1-2 ampules of D50W). In
children less than 8 years old, 1ml/kg of 25%
dextrose is administered; 10% dextrose is used in
neonates. These doses can be repeated if the
patient remains unresponsive. An infusion of
either DSW or D10W can then be started to main-
tain the glucose above 100 mg/dl.

In patients without IV access, 1 mg glucagon
can be given intramuscularly or subcutaneously.
It usually takes 5-20 minutes before clinical
effects are seen.

If the patient is awake and alert, they can be
given a drink containing sugar, such as orange
juice, and then a meal of complex carbohydrates.

IV thiamine should be administered to alco-
holic patients prior to dextrose due to the
theoretical risk of precipitating Wernicke’s
encephalopathy. IV corticosteroids should be
considered for hypoglycemia resistant to dex-
trose therapy.
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Special patients

All patients on oral hypoglycemic agents (i.e.,
sulfonylureas) should be admitted for observa-
tion because these drugs have long biological
half-lives and a propensity for causing prolonged
and severe hypoglycemia.

Homeless and alcoholic patients may require
a more prolonged period of observation. They
may also benefit from seeing a social worker who
can help them with referrals to appropriate out-
patient care, and psychological or possibly finan-
cial support.

Geriatric patients being discharged may bene-
fit from having pre-filled insulin syringes or a
home nurse to assist them with their medica-
tions. Social services are integral to their care.

Disposition

Patients with diabetes who are not on oral hypo-
glycemic medications can be discharged home fol-
lowing a short period of observation if they have
an appropriate response to treatment and are able
to eat without difficulty. They should be instructed
to follow-up with their primary care physician,
including a phone call that day or the next. Advice
should be given regarding consumption of regular
meals, including small snacks, and the warning
symptoms of hypoglycemia. If they are on insulin,
the dose can be cut until they follow-up with their
physician who manages their diabetes.

Pearls, pitfalls, and myths

e A search for precipitants of DKA, HHS,
or hypoglycemia, such as MI, stroke,
infection, and GI bleeding should always
be performed. It is particularly important to
examine the urine, feet, and perineal area of
elderly diabetics for a source of infection.

¢ The two main ketoacids produced in DKA
are acetoacetate and beta-hydroxybutyrate.
The nitroprusside test for urine
ketones detects acetoacetate but not beta-
hydroxybutyrate. Beta-hydroxybutyrate
often predominates in early DKA; hence,
false-negative results can occur if serum
ketones are not measured in addition to
urine testing for ketones.

¢ Excessive fluid replacement has been
previously cited as a cause of complications
in the management of DKA. However,

patients are more commonly under-
resuscitated.

Always remember to replace potassium in
DKA and HHS when the initial potassium is
in the normal or high-normal range unless
the initial potassium level is greater than
5.5meq/liter or the patient is anuric.

In patients with DKA, an insulin drip must
be continued until the anion gap is normal.
This will usually require adding dextrose to
the IV fluids when the glucose level falls
below 300 mg/dl.

Check a bedside capillary glucose; if it is low,
give glucose to patients presenting with
seizures, new neurological deficits, or coma.
The capillary glucose should be rechecked
regularly on patients presenting with
hypoglycemia.

All patients on long-acting oral hypoglycemic
agents presenting with hypoglycemia should
be admitted for observation.
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17 Diarrhea

Rawle A. Seupaul, MD

Scope of the problem

There are estimated to be over 100 million cases
of acute diarrhea in adults in the US each year.
Diarrhea accounts for approximately 5% of emer-
gency department (ED) visits. This complaint is
even more common in children <3 years of age.
Worldwide, diarrheal illnesses affect 3 to 5 billion
people a year, accounting for over 5 to 10 million
deaths in developing countries. Etiologies range
from benign conditions such as viral gastroenteri-
tis to life-threatening invasive diarrheal illnesses.
The most common causes of acute diarrhea are
infectious agents.

Pathophysiology

Diarrhea is defined as the rapid passage of exces-
sively fluid stool, passing stool that takes form of
the container rather than remaining in its natural
form, or frequency of stool greater than three times
a day. The gastrointestinal (GI) tract resorbs over
9 liters of fluid a day (the majority by the small
intestine), leaving approximately 100ml/day
excreted in stool. Alteration in this process may
lead to diarrhea. This can occur from an increase in
the volume load presented to the GI tract, dimin-
ished ability to resorb fluids by the bowel, inflam-
matory processes, or an increase in gut motility.
Osmotic diarrhea occurs when unabsorbable
or poorly absorbable molecules such as lactulose
and laxatives challenge the small intestine.

Table 17.1 Historical information relevant to diarrhea

Character of stools Temporal characteristics Exogenous factors

Inflammatory diarrhea occurs with inflammation of
bowel mucosa, which limits its ability to resorb
fluid. This can occur with numerous agents, for
example Shigelln and Giardia. Toxigenic agents
(Vibrio cholerae and Escherichia coli) result in secre-
tory diarrhea by increasing the amount of fluid
secreted into the bowel beyond the amount
absorbed. Diarrhea caused by increased gut motil-
ity can be seen in patients with irritable bowel
syndrome or gut-altering surgery.

It is important that physicians attempt to dis-
tinguish between gastroenteritis and dysentery.
Gastroenteritis refers to patients who have both
diarrhea and vomiting, while dysentery refers to
diarrhea containing blood and purulence.

History

The exact etiology of diarrheal illnesses is rarely
determined in the ED. However, a thorough yet
focused history is critical in identifying important
pathogens and noninfectious etiologies (Table 17.1).
Ensure privacy and empathy, as many patients
are uncomfortable discussing diarrhea.

How would you describe the diarrhea?

Loose, watery, or bloody stools may suggest an
invasive process or GI bleeding. Abnormal rectal
discharge, greasy or foul-smelling stools may
suggest malabsorption or giardiasis.

Associated symptoms Past history

Amount Acute Diet Fever Gl disease
Consistency Chronic Medications Nausea HIV/AIDS
Color Recurrent Travel Vomiting Endocrine
Odor Frequency Exposure to Abdominal pain Diabetes
Mucus Duration others with Oral intake Adrenal
Blood same symptoms insufficiency
Pus Sexual habits Uremia

Adapted from Bitterman R in Rosen P. Emergency Medicine: Concepts and Clinical Practice, 5th ed., St. Louis,

MO.: Mosby, 2002

AIDS: acquired immunodeficiency syndrome; Gl: gastrointestinal; HIV: human immunodeficiency virus.
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How many episodes of diarrhea?

The greater the number of daily stools may con-
fer a greater risk of dehydration or electrolyte
abnormality.

How long have you had symptoms?

Distinguishing acute versus chronic diarrheal
diseases lends insight into etiology as well as
possible co-morbid conditions. Acute disease is
usually <3-4 weeks, whereas chronic disease
occurs beyond this time frame. Patients with
advanced human immunodeficiency virus/
acquired immune deficiency syndrome (HIV/
AIDS), pancreatitis, inflammatory bowel disease,
or complex gastric or bowel surgery may suffer
from chronic diarrhea requiring long-term ther-
apy. Acute illness, the more common presenta-
tion, usually requires only a short course of
symptomatic treatment. Acute illnesses are more
commonly viral or food-borne diseases which
are self-limiting.

What do you think caused your
symptoms?

Most patients attribute their acute illness to
something they ate or being around someone
with the same illness. This is helpful if a history
of ingesting fried rice, seafood, or egg-based
products is obtained. Food poisoning should be
considered when the patient’s symptoms begin
1 to 6 hours after eating a high-risk meal. It is
important to take a complete history and per-
form a thorough physical examination, however,
before accepting the patient’s conclusions.

Have you traveled recently?

Travel to foreign countries where water purifica-
tion and food handling is not well-regulated may
suggest bacterial or parasitic causes of diarrhea.
The most notable of these disorders is Monte-
zuma's revenge (traveler’s diarrhea) caused by
enterotoxigenic E. coli. Patients who give a history
of camping and drinking water from lakes or
streams may be suffering from giardiasis.

Have you started any new medications?

Many classes of drugs can cause acute diarrheal
illnesses including laxatives, cholinergic drugs,
antacids, and alcohol. Antibiotics are by far the
most common cause of drug-induced diarrheal

illness. Disruption of the native colonic bacterial
flora can lead to overgrowth of other species, as
occurs with Clostridium difficile colitis.

Associated symptoms

Most patients with diarrhea complain of nonspe-
cific abdominal cramps, nausea, and vomiting.
Significant potassium loss may occur causing
weakness or muscle cramps. Patients with fever
or bloody diarrhea may have a more serious
invasive disease caused by E. coli, Shigella,
Salmonella, Yersinia, or Campylobacter. In children
and the elderly, severe dehydration, sepsis, and
death can occur without adequate therapy.
Weight loss suggests prolonged disease, malab-
sorption, or carcinoma. Flatulence may suggest
malabsorptive diseases or parasitic infection.

Past medical

Patients with certain co-morbid illnesses may
have chronic diarrhea requiring long-term care.
These include but are not limited to AIDS,
known irritable bowel or malabsorption syn-
dromes, renal disease, certain malignancies and
chemotherapy, and certain endocrine disorders.

Social

Sexual habits or HIV risk factors may be a critical
clue in facilitating the diagnosis of a diarrheal ill-
ness in an immunocompromised host. Work his-
tory may also be helpful. For example, food
handlers, day-care workers and health-care
workers may require work restriction to prevent
the spread of diarrheal illnesses.

Physical examination

The physical examination assists emergency
physicians in the diagnosis as well as helps them
gauge the patient’s clinical status. The most impor-
tant initial clinical assessment in a patient com-
plaining of diarrhea is volume status. As with any
chief complaint, consideration of all organ systems
is important to avoid missed diagnoses.

General appearance

The general clinical impression of whether
a patient is sick or not is a critical piece of clinical
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information. In patients who appear toxic with
high fever, tachycardia, and/or hypotension,
suspect invasive disease causing bacteremia
and sepsis. Patients with more benign dis-
eases generally appear mildly uncomfortable or
relatively well.

Vital signs

The presence of tachycardia or hypotension sug-
gests dehydration. In the presence of fever, an
invasive etiology should be considered, although
this finding is neither sensitive nor specific.

Head, eyes, ears, nose, throat and neck

Dry mucous membranes, sunken fontanelle in
children, poor skin turgor, sunken eyes, or poor
capillary refill suggest severe volume depletion.
Also inspect the thyroid gland for a mass, which
may suggest hyperthyroidism.

Abdomen

Most patients have generalized mild abdominal
tenderness and increased bowel sounds. Patients
with inflammatory bowel disease will often have
mild focal findings. In general, peritoneal signs
are not present.

Neurologic

Alteration in mental status may be related to vol-
ume loss or electrolyte abnormalities. It may be
associated with specific infectious agents such as
Salmonella typhi, Shigella, and Campylobacter.

Skin and extremities

Poor skin turgor and/or poor capillary refill sug-
gest dehydration.

Rectal

Rectal examination should be performed gently
on the majority of patients complaining of diar-
rhea. Extraintestinal manifestations of inflamma-
tory bowel disease may be suggested if perianal
fissures or fistulae are found. Grossly bloody stool,
pus, or mucus support inflammatory, invasive, or
ischemic processes. In elderly patients and those

with Hirschprung’s disease, fecal impaction can
result in diarrhea or liquid stool passing around
the impaction (“overflow diarrhea”).

Differential diagnosis

Tables 17.2 and 17.3 summarize pertinent differ-
ential diagnoses for patients with diarrhea,
divided by infectious and non-infectious causes.

Table 17.2 Infectious causes of diarrhea

Toxin producers

Ciguatera fish toxin

Bacillus cereus

Staphylococcus aureus
Clostridium perfringens

Vibrio cholerae

Enterotoxigenic Escherichia coli
Klebsiella pneumoniae
Aeromonas species
Enteropathogenic/adherent Escherichia coli
Giardia organisms
Cryptosporidium

Helminthes

Clostridium difficile
Hemorrhagic Escherichia coli

Invasive organisms
Rotavirus

Norwalk agent
Salmonella
Campylobacter
Aeromonas species
Vibrio parahaemolyticus
Yersinia

Shigella species
Enteroinvasive Escherichia coli
Entamoeba histolytica

Parasites

® Giardia lamblia

® [sospora belli

® Entamoeba histolytica
® Cryptosporidium

Table 17.3 Non-infectious causes of diarrhea

Lactose intolerance
Reaction to medications
Inflammatory bowel disease
Irritable bowel disease
Bowel-altering surgery
Mesenteric ischemia

Bowel obstruction

Cancer

Hyperthyroidism

Laxative abuse
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Diagnostic testing

Diagnostic testing is rarely necessary for patients
presenting to the ED with diarrhea. Testing should
be driven by clues obtained in the history and
physical examination. Patients with chronic diar-
rhea can usually be managed in an outpatient set-
ting. Patients who appear toxic or have bloody
diarrhea, however, may warrant diagnostic testing.

Laboratory studies
Complete blood count

A complete blood count (CBC) should be
obtained in patients with significant blood loss
or systemic toxicity. Nonspecific findings may
include a leukocytosis with a leftward shift.
Eosinophilia is rarely seen and is most likely
associated with Strongyloides stercoralis. Anemia
may be seen with any agent causing bloody diar-
rhea, such as Shigella or Salmonella.

Electrolytes

Electrolytes should be obtained in patients with
signs or symptoms of severe dehydration or
those suffering from co-morbid illnesses that may
lead to electrolyte alteration. Patients on diuretics,
those with diabetes and the elderly may be more
susceptible to rapidly-developing electrolyte
disturbances. Hypokalemia, hyponatremia, and
metabolic acidosis may be found secondary to
bicarbonate loss.

Fecal leukocytes (Wright’s stain)

Normally, stool should not contain leukocytes.
The presence of fecal leukocytes suggests a bac-
terial etiology. As leukocytes are not present in
stool, this test is highly sensitive and specific.

Stool cultures

Cultures may be helpful in patients with a his-
tory and physical examination consistent with
invasive diarrhea, when public health concerns
exist (food handlers, day-care workers, health-
care workers) or when stool Gram’s stain is posi-
tive for fecal leukocytes. Stool cultures may be
the most useful in children, toxic patients,
immunocompromised patients, patients with
bloody diarrhea, or those with diarrhea for more
than 3 days.

Stool ova and parasites

This study should be obtained if the patient
has traveled to an endemic area or has chronic
diarrhea. Immunocompromised patients with
prolonged diarrheal illnesses who have failed
standard antibiotic therapy should also have these
stool studies performed.

Giardia-specific antigen

Giardia-specific antigen (GSA) is the most common
diagnostic method for visualizing Giardia cysts.
This test may be useful in disease outbreaks and
for diarrhea occurring at day-care settings.

Clostridium difficile toxin

This stool test should be ordered if C. difficile colitis
is suspected in patients with a diarrheal illness
preceded by antibiotic use.

Escherichia coli 0157 : H7 toxin

This stool study should be ordered in afebrile
patients having bloody or nonbloody diarrhea
who are at risk for exposure to this toxin (con-
taminated beef or water, or exposure to someone
with known disease). The laboratory should be
informed that this disease process is suspected,
since a special media is needed (MacConkey
sorbitol agar).

Pregnancy test

While not essential to the diagnosis of acute
diarrheal illnesses, this test should generally be
obtained in women of childbearing age with
any abdominal complaint (cramping, burning,
pain). Pregnancy should be considered when rec-
ommending medications to treat or relieve
symptoms.

Blood cultures

Blood cultures may be appropriate in patients
who demonstrate signs or symptoms of systemic
toxicity or sepsis.

Radiologic studies

Radiographic studies are rarely indicated unless
another process is suspected (e.g., small or large
bowel obstruction with overflow diarrhea, or
toxic megacolon).
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General treatment
principles
Rehydration and electrolyte repletion

Initial treatment consists of restoring hydration
status. Mild dehydration can be treated with oral
fluids. Oral solutions should contain some glu-
cose, which stimulates resorption of water by the
small intestine. Milk products should be avoided
since some patients develop a temporary defi-
ciency of lactase. Moderate to severe dehydra-
tion should be treated with intravenous (IV)
fluids. One to two liters of normal saline or D5
normal saline will usually suffice. In patients
with electrolyte abnormalities, the most common

being hypokalemia and hypochloremia, IV fluids
can be administered in the ED to correct these
imbalances.

Antimotility agents

Some experts warn that antimotility agents such
as loperamide and diphenoxylate should be used
cautiously in individuals with infectious diar-
rhea. They argue that these agents may precipi-
tate toxic megacolon or delay the excretion of
pathogens leading to prolongation of symptoms.
However, there is little evidence to support this
claim. Caution should be taken in recommend-
ing diphenoxylate in children, particularly those
2 years of age and younger (Table 17.4).

Table 17.4 Various agents that can be used in the management of diarrheal illness

Agent

Ciprofloxacin

Trimethoprim—
sulfamethoxazole

Metronidazole

Vancomycin

Cefixime

Ceftriaxone

Furazolidone

lodoquinol

Loperamide

Adult dosage

500 mg PO BID for
3-5 days.

1 DS tablet
PO BID for 3-5 days.

250-500mg
PO TID for 10 days.

500mg PO QID for
10-14 days.

400 mg/day PO QD
for 7-10 days.

1-2g IV/IM g 24 hours.

100mg PO
QID for 7-10 days.

650mg PO TID
for 20 days.

4 mg once, followed by
2mg after each loose
stool; do not exceed
16 mg/day.

Pediatric dosage

Not recommended.

>2 months: 0.5 ml susp/kg
PO BID for 10 days;
Max 20 ml susp/dose.

30-50 mg/kg/day PO divided TID
for 10 days; not to exceed
adult dose.

40-50 mg/kg/day PO divided QID
for 10—14 days; not to exceed 2 g/day.

8 mg/kg/day PO QD for
7-10 days.

50 mg/kg/day IV/IM divided QD/BID
for 7-10 days; not to exceed 2 g/day.

5 mg/kg/day PO divided QID for
7-10 days.

30—-40 mg/kg/day PO divided TID for
20 days; not to exceed adult dose.

Initial doses: 2—6 years: 1 mg PO TID;
6-8 years: 2mg PO BID; 8-12 years:
2mg PO TID. Maintenance: 0.1 mg/kg
PO after each loose stool, not to
exceed initial dose.

Indication

Empiric first-line therapy for
presumed bacterial etiologies

Empiric second-line therapy

for presumed bacterial
etiologies.

Giardia, protozoa, anaerobic

organisms, Clostridium
difficile colitis.

Second-line therapy

for Clostridium difficile colitis.

Gram-negative bacteria.

Gram-negative and
Gram-positive bacteria.
Parasitic disease.

Parasitic disease.

Antimotility.

Diphenoxylate 2 tablets PO QID

<2 years: not recommended; 2-5 years:
2mg of diphenoxylate PO TID; 5-8 years:
2mg of diphenoxylate PO QID; 8-12 years:

Antimotility.

2mg of diphenoxylate five times/day.

HCl-atropine until the diarrhea is
sulfate controlled.
Bismuth 525mg PO QID; not

subsalicylate to exceed 4.2 g/day.

<12 years: not established.
>12 years: administer as in adults.

Cytoprotective for
gastrointestinal mucosa.

BID: two times a day; DS: double strength; IM: intramuscular; 1V: intravenous; PO: per os; QD: every day;
QID: four times a day; susp: suspension; TID: three times a day.
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Antibiotics

The use of antibiotics for acute diarrheal illnesses
should be scrutinized since the offending agent is
viral in 50-70% of cases. Of the empiric therapies
available, the fluoroquinolones offer the best
proven advantage. Resistance to this class of
antibiotics is low, and they do not interfere with
the endogenous colonic flora. Also, unlike other
antibiotics, quinolones do not appear to prolong
the carrier state associated with Salmonella infec-
tions. In general, antibiotics decrease the length of
disease by about 1 day and may be indicated in
individuals with fever, fecal leukocytes, bloody
diarrhea, symptoms for more than 3 days, or
travelers.

Other agents

Other symptomatic treatments include anti-
motility agents and bismuth subsalicylate
(Table 17.4).

Dietary restriction

There are several agents that should be avoided
until the patient’s diarrhea subsides. These include
raw fruits, caffeine (increases motility), milk or
lactose-containing products, and sorbitol (increa-
ses the osmotic load).

Special patients

While most diarrheal illnesses are self-limited
and otherwise benign, special care needs to be
taken with certain patients. Individuals who
are immunocompromised, elderly, have multiple
co-morbidites, and children may have less reserve
to withstand even minor fluid, electrolyte, hema-
tologic, or hemodynamic abnormalities. In these
individuals, treatment should be dictated by
their underlying condition.

Pediatric

The major concern in children is hydration status.
This can be assessed historically by determining
changes in urine output, oral intake, and the num-
ber of wet diapers. The majority of diarrheal
illnesses in children are of viral origin, with rota-
virus accounting for up to 50% of cases. Fortu-
nately, the duration of illness is usually short and
self-limited.

Elderly

The elderly may succumb to any of the afore-
mentioned etiologies of diarrheal disease but, like
children, may become ill faster. They may require
more aggressive therapy, diagnostic testing, and
possibly hospital admission.

Immune compromised

Those with immune-compromising illness such
as HIV/AIDS may present with unusual infec-
tions caused by Isospora belli, Cryptosporidium
parvum, Mycobacterium avium-intracellulare, and
cytomegalovirus. They may also require more
diagnostic studies including stool ova and para-
sites and stool cultures. Those with CD4 counts
less than 200 will tend to suffer from severe vol-
ume loss, weight loss, and intractable illness
despite appropriate therapy.

Travelers

Travelers with diarrheal illness are usually infected
with E. coli, Rotavirus, Salmonella, or Campylobacter.
Fortunately, this disease process is self-limited
and usually resolves in a few days requiring only
a short course of antibiotics and/or symptomatic
therapy.

Disposition

Most patients with diarrhea can be safely dis-
charged from the ED with symptomatic therapy.
They should be instructed to drink clear fluids
containing some sugar and a eat simple diet (e.g.,
bananas, rice, applesauce, and toast, known as
the BRAT diet). Patients should be instructed to
use strict hand-washing, limit unnecessary con-
tacts (e.g., school, food handlers, day care) to
prevent spread, and follow up with their pri-
mary care physician as needed. Patients who
have persistently abnormal vital signs, contin-
ued nausea, vomiting, or copious stool output
should be considered for admission for hydra-
tion, observation, and other therapies such as
antibiotics.

All patients should be instructed to follow up
with their primary care physician or asked to
return to the ED if their symptoms worsen.
Public health officials should be notified when
E. coli O157:H7 toxin is diagnosed or strongly
suspected. Other infectious agents may require
reporting to public health officials as well.
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Pearls, pitfalls, and myths
Pearls

1. Diarrhea is a common presenting complaint
to the ED requiring thorough understanding
of its pathophysiology and treatment.

2. Focus the history to include recent travel,
medications, co-morbid disease(s), and
associated symptoms.

3. Disease severity should be assessed based
on the vital signs and physical examination.

4. Grossly bloody diarrhea is almost always
from invasive bacteria and not viral
pathogens.

5. The hallmark of treatment in any diarrheal
illness begins with rehydration.

6. Laboratory and radiographic studies are
rarely warranted for patients with diarrhea
unless dictated by physical findings
(hypotension, tachycardia, severe
dehydration, mental status changes).

7. All diarrheal illnesses are not infectious.

Pitfalls

1. Not performing a thorough history and
physical examination.

2. Not addressing abnormal vital
signs (tachycardia, fever, hypotension,
tachypnea).

Myths

1. The use of antidiarrheal agents should not be
pursued for symptomatic relief because they
may precipitate toxic megacolon.

2. Antibiotics prolong Salmonella carrier state.
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18 Dizziness and vertigo

Andrew K. Chang, MD

Scope of the problem

Dizziness, a common complaint in patients pre-
senting to the emergency department (ED), is a
disorder of spatial orientation. It is the most com-
mon complaint in patients over the age of 75 years.
Approximately 7% of ED patients present with
dizziness, and dizzy patients account for 1.5% of
admitted patients.

Evaluating the dizzy patient can be challeng-
ing, since it is a nonspecific symptom and is dif-
ficult to objectively measure. Although most
cases are usually benign, emergency physicians
need to be wary about life-threatening causes of
dizziness, such as cardiac dysrhythmias and
cerebrovascular events. In some cases, however,
the patient can be cured at the bedside.

Pathophysiology

Two studies performed approximately 30 years
apart have confirmed that there are four general
subtypes of dizziness: vertigo, near-syncope, dis-
equilibrium, and psychophysiologic dizziness. It
is important to realize, however, that a person
may describe more than one subtype, but rarely
will describe elements of all four.

Pertinent anatomy that contributes to dizziness
includes the vestibular, visual, proprioceptive,
cardiac, and central nervous systems (CNS).

Vertigo

Vertigo is defined as an illusion of motion. The
CNS coordinates and integrates sensory input
from the visual, vestibular, and proprioceptive
systems. Vertigo occurs when there is a mismatch
of information from two or more of these systems.
Vertigo is divided into central and peripheral
causes (Table 18.1). Central wvertigo indicates
involvement of the cerebellum or the vestibular
nuclei within the pons and medulla. Peripheral
vertigo indicates involvement of either the eighth
cranial nerve (CN) or the vestibular apparatus of
the inner ear, and is usually benign. Benign pos-
itional vertigo (BPV), the most common cause of
vertigo, results from the inappropriate presence of
calcium particles (otoliths) in the semicircular

Table 18.1 Differentiating between peripheral and central
causes of vertigo

Peripheral Central
Onset Sudden Gradual
Intensity Severe Mild
Duration Seconds Continuous
Nystagmus Fatigable Non-fatigable
Direction of Unidirectional Multidirectional
nystagmus
Associated None Usually
neurologic present
findings
Hearing loss May be present  None
or tinnitus
Associated Frequent, Infrequent,
nausea severe mild
or vomiting

canals. Movement of the head causes these
otoliths to inappropriately trigger receptors in the
semicircular canal, causing the sensation of ver-
tigo. In Méniere’s disease, there is an increase in
the volume of endolymph associated with disten-
sion of the endolymphatic system (endolymphatic
hydrops), causing vertigo, fluctuating sensori-
neural hearing loss, and tinnitus. Ruptures of the
membranous labyrinth are thought to cause the
sudden episodic attacks of Méniére’s disease.

Near-syncope

Near-syncope is the sensation of feeling faint.
Like vertigo, it is a common experience. Unlike
vertigo, there is no illusion of motion. Near-
syncope is due to the global reduction of blood
flow to the brain. Since people rise from the supine
and sitting positions multiple times a day, a com-
plicated neural reflex has evolved; the CNS puts
out a stimulus causing vasoconstriction to com-
bat gravitational pooling of blood in the lower
extremities while preserving blood flow to the
brain. There are many things that can interfere
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with this reflex, such as orthostatic hypotension,
cardiac disease, vasovagal syndrome, hyperven-
tilation, and environmental factors. When this
neural reflex fails, pallor, nausea, rubbery legs,
diaphoresis, and constriction of the visual fields
occur. These warning signs are the brain’s way of
signaling the person to lie down, making it easier
to perfuse the brain. If the person is unable to lie
down, he may progress from near-syncope to
syncope. If this still does not cause him to lie hor-
izontally, the body will make antigravity postures
that may be misinterpreted as a seizure. This
unfortunate chain of events can lead to unneces-
sary work-ups.

Disequilibrium

The third category of dizziness is disequilibrium.
Disequilibrium occurs because of disruption
between the sensory inputs and motor outputs,
which often results in an unsteady gait. This is
usually a disease of the elderly, as there is an age-
related decline in the ability of the CNS to process
sensory inputs as well as control postural reflexes.
Disequilibrium is often exacerbated by unfamiliar
surroundings, uneven ground, or poor lighting.
The most common cause of disequilibrium is cer-
vical spondylosis, which leads to spinal cord
myelopathy. Patients have poor proprioception in
the legs, which leads to a stiff-legged gait. These
patients usually demonstrate a positive Romberg
test, in which disequilibrium with the eyes closed
and feet together suggests impaired propriocep-
tion. Other causes of disequilibrium are listed in
Table 18.2.

Table 18.2 Causes of disequilibrium

Cervical spondylosis
Parkinson’s disease
Cerebellar disease
Hydrocephalus
Multi-infarct syndrome
Peripheral neuropathy
Bilateral vestibulopathy

Psychophysiologic dizziness

The fourth category of dizziness is psychophysi-
ologic dizziness. The mechanism is poorly
understood but is felt to result from impaired
central integration of sensory signals. Patients
experience feelings of dissociation, as though
one has left one’s own body. These patients are

often in a hypervigilant state and constantly moni-
tor themselves for any signs of impending dizzi-
ness. Their exaggeration of reactions to normal
changes often induces great psychologic stress,
including hyperventilation. In reality, their
symptoms are actually quite mild, and anxiety is
felt to be the sine qua non of psychophysiologic
dizziness. Indeed, dizziness is the most common
somatic symptom associated with panic disorder.

History

The medical history provided by the patient or
witnesses is the most important source of infor-
mation in the evaluation of the dizziness. Two
office-based studies found that the etiology of
dizziness could be made using history alone in
approximately 70% of patients.

What do you mean, dizzy?

In emergency medicine, time frames are often
constrained and history is usually obtained in
the form of closed-ended questions. However,
the dizzy patient is best approached using open-
ended questions. It is counterproductive to sug-
gest definitions for patients, such as asking them
whether the room spins or whether they feel
lightheaded. Patients who present with dizziness
are often very suggestible and tend to answer
affirmatively to suggestive questions. In add-
ition, their symptoms can persist or recur. Their
history thus becomes distorted and can cause
confusion for future emergency physicians or
consultants.

Patients with vertigo will offer that the “room
is spinning.” However, other descriptions such as
rocking, tilting, somersaulting, or descending in
an elevator may also be used to describe vertigo.

Patients with near-syncope generally respond
that they feel like they are “going to faint.”

Patients with disequilibrium typically respond
that they feel like they are “going to fall” or that
they feel “unsteady on their feet.”

Patients with psychophysiologic dizziness
commonly share that they feel as if they have “left
their own body,” or that they are “floating or
swimming.” Some patients describe a spinning
sensation inside their head. Unlike vertigo, this
type of spinning is not associated with an illusion
of motion of the environment, and the patient
does not have nystagmus on examination. In
some cases, patients may be unable to describe
their dizziness using words other than “dizzy.”
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Have you had any (recent or past) history
of head trauma?

Since BPV is generally a disease of the elderly,
the emergency physician should ask younger
patients about a history of head trauma, even if it
occurred years ago (head trauma can dislodge
the otoliths from the utricular macule, allowing
them to enter the semicircular canal).

Do you have any new neurologic symptoms?

Diplopia, dysarthria, dysphagia, gait abnormality,
or other focal neurologic complaints are concern-
ing for a central cause of vertigo and dizziness.

Have you recently had a viral illness?

The patient should be asked about current or
recent viral illnesses, which are often associated
with labyrinthitis and vestibular neuritis.

How long do your symptoms of vertigo last?

In general, episodes of vertigo vary depending
on the disease process. For BPV, episodes last for
seconds; for a transient ischemic attack (TIA) or
vertebrobasilar insufficiency, episodes last for
minutes; for Méniére’s disease and migraines,
episodes last for hours; and for vestibular neuritis
and labyrinthitis, episodes last for days.

The duration of symptoms is helpful in differ-
entiating BPV from labyrinthitis and vestibular
neuritis. The patient with BPV has episodes of
vertigo that last only seconds at a time and are
caused by head movements. However, the patient
may describe that he has been having continuous
vertigo when in fact he is experiencing many
attacks during the day. For this reason, it is
important for the emergency physician to elicit
how long each individual episode of vertigo lasts.
Labyrinthitis and vestibular neuritis, on the other
hand, tend to be continuous and last for several
days. These may or may not be worsened with
head movement. Therefore, during history taking,
if a patient states that the room is spinning and his
head is still (and has not been manipulated or
moved), the diagnosis is probably not BPV.

Is your hearing affected?

The key to the diagnosis of Méniére’s disease is
fluctuating hearing levels in patients with episodic
vertigo. Hearing is also affected in labyrinthitis,
which distinguishes it from vestibular neuritis.

Cerumen impaction, otitis media, and cerebello-
pontine angle tumors may also result in hearing
loss. Tinnitus (the perception of sound in the
absence of an acoustic stimulus) occurs with
Méniere’s disease, acoustic neuromas, and
medication toxicity.

Do you have a headache?

Vertigo associated with migraine is thought to be
due to vasospasm or to an inherited metabolic
defect. Vertebrobasilar insufficiency is usually
caused by atherosclerosis of the subclavian, ver-
tebral, and basilar arteries. Vertigo and headache
may represent infarction of the lateral brainstem
or cerebellum.

Do you have chest pain, shortness of
breath, or palpitations?

Cardiac dysrhythmias produce spontaneous
episodes of dizziness that can occur in any pos-
ition and can be associated with other cardiac
symptoms, such as palpitations and chest pain.
Intermittent dysrhythmias may not be identified
on a single electrocardiogram, so patients with
episodic near-syncope of unknown cause should
undergo monitoring to search for sinus pauses,
sinus bradycardia, atrial fibrillation, and sustained
supraventricular and ventricular tachycardias.

What makes your dizziness worse?

Standing from a sitting or reclining position?
Exertion? Walking or standing compared
with sitting or lying down?

Orthostatic hypotension is usually due to acute
blood loss, dehydration, over-diuresis, or anti-
hypertensive medications. Gravitational pooling of
blood in the legs occurs when the patient stands.

Symptoms that are exacerbated with head
turning, lying down, or rolling over in bed are
more suggestive of vertigo.

In vasovagal or neurally-mediated near-
syncope, the blood pressure is not necessarily
reduced immediately upon standing, as it is in
orthostatic hypotension.

Disequilibrium is typically worse while walk-
ing or standing, but patients are relatively
asymptomatic while sitting or lying down.

Do your attacks occur with certain foods?

In susceptible patients, panic attacks can be pre-
cipitated by a large number of substances,
including caffeine and lactate. One hypothesis is
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that panic attacks result from loss of central con-
trol of the locus ceruleus, leading to the episodic
release of catecholamines. These patients often
have symptoms of agoraphobia as well.
Additional important historical questions that
should be asked include how the dizziness began,
previous episodes of dizziness, how frequently
the attacks occur, what the provoking and
palliating factors are, and associated symptoms.

Past medical

A detailed medical history is important to obtain
since there are many factors that cause or exacer-
bate dizziness. Drug and alcohol abuse, previous
psychiatric history, certain medical diseases,
such as diabetes and heart disease, as well as cer-
tain neurologic diseases, such as seizures and
migraine are important to elicit from the patient.

Do you have a history of anxiety or panic
attacks?

Hyperventilation, which commonly occurs in anx-
ious patients, lowers the carbon dioxide concen-
tration in the blood. This leads to vasoconstriction
of cerebral blood vessels which may contribute
to near-syncope. However, it is important to be
aware that the panic attack may actually be inter-
mittent episodes of supraventricular tachycardia,
which can also cause anxiety and palpitations.

What medications do you take?

A medication history is important, as many medi-
cations are vestibulotoxic. Common examples
include aspirin and aminoglycosides. However,
vertigo itself is rarely caused by medications,
since both sides are usually affected equally.

Physical examination
General appearance

The general appearance of the dizzy patient varies
widely, from the healthy young adult to the frail
elderly patient. Patients who are dizzy and vomit-
ing generally appear extremely uncomfortable,
and may even be ashen and diaphoretic.

Vital signs
Blood pressure

Hypertension in a dizzy patient should raise con-
cern for vertebrobasilar insufficiency, cerebellar

infarction, or hemorrhage as a possible cause.
Hypotension can lead to decreased cerebral per-
fusion and may be associated with near-syncope.
Orthostatic vital signs can be checked but
are notoriously unreliable in elderly patients.
Differences in blood pressures between arms can
indicate subclavian steal syndrome (which may
result in vertebrobasilar insufficiency) or aortic
dissection.

Heart rate

Both tachycardia and bradycardia can impair
cardiac output and lead to near-syncope via cere-
bral hypoperfusion.

Respiratory rate

As mentioned earlier, hyperventilation can con-
tribute to hypoperfusion of the brain through
vasoconstriction of cerebral blood vessels.

Temperature

Fever alone may produce a sensation of dizziness
and also may accompany CNS or other infections.

Head, eyes, ears, nose, and throat
Eyes

The emergency physician should ask the patient
to look to the right and left to check for the pres-
ence of nystagmus. Avoid having the patient fix-
ate on an object, such as a pen or finger, since
visual fixation can inhibit nystagmus. The phys-
ician should note the nature of the nystagmus
(horizontal, rotary or torsional, horizontal-rotary,
vertical, or vertical-rotary), its direction (based on
the direction of the fast component), and its dura-
tion. With vestibular disease, the fast component
usually beats toward the side of the lesion. In
peripheral vertigo, spontaneous nystagmus usu-
ally continues in one direction even when the
direction of the gaze changes. In contrast, central
causes (such as cerebellar or brainstem infarc-
tion, or hemorrhage) result in nystagmus that
changes direction with change in the gaze direc-
tion. The nystagmus of peripheral vertigo is typ-
ically fatigable (extinguishes with repeated
testing), while the nystagmus of central vertigo is
not. There are exceptions to this rule, such as
BPV caused by cupulolithiasis, which results in
non-fatigable nystagmus. In addition, the pres-
ence of nystagmus at extreme end-gaze is seen in
up to 60% of normal people.
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Ears

e External auditory canal: this should be
inspected for vesicles (Ramsay Hunt
syndrome), cerumen, and cholesteatoma.

¢ Tympanic membrane: this should be
visualized for signs of otitis media.

A perforated or scarred tympanic membrane
may indicate a perilymphatic fistula. This can
be confirmed with pneumatic otoscopy.

e Hearing should also be tested. The
emergency physician can use either the
ticking of a watch or the rubbing of fingers
near the patient’s ears. Unilateral hearing loss
is suggestive of labyrinthitis, cerumen
impaction, Méniere’s disease, or acoustic
neuroma, although the latter usually presents
with gradual hearing loss.

Cardiovascular

The heart should be auscultated for the presence
of dysrhythmias and murmurs. The presence of
murmurs may indicate aortic stenosis or hyper-
trophic obstructive cardiomyopathy, both which
may decrease cardiac output. In addition, the
carotid arteries should be auscultated for the pres-
ence of bruits, which may indicate carotid stenosis
as a contributing cause of cerebral hypoperfusion.

Neurologic

All patients with dizziness need a comprehensive
neurologic examination, with special attention to
the CNs, cerebellar examination, and gait testing.

Cranial nerves

CN abnormalities strongly suggest a central
process:

e CN I dysfunction is suggested by uni- or
bilateral decrease in or loss of smell.

e CNII dysfunction is suggested by loss in
visual acuity and abnormalities on fundu-
scopic examination (papilledema, optic
atrophy).

e CN IIL IV, VI dysfunction is suggested by
dysconjugate gaze with formal EOM testing.

¢ CN V dysfunction is suggested by weak
or absent contraction of the temporal and
masseter muscles or decrease in or loss of
facial sensation. Loss of the corneal reflex
also suggests CN V dysfunction.

e CN VII dysfunction is suggested by facial
droop or weakness of one side of the face.

e CN VIII dysfunction is suggested by decreased
hearing.

e CNIX, X dysfunction is suggested by
hoarseness or a nasal quality to the patient’s
voice, a history of swallowing difficulty, and
asymmetric movements of the soft palate and
pharynx when the patient is asked to say
“aah.”

e CN XI dysfunction is suggested by atrophy or
weakness of the trapezius and plastysma
muscles.

e CN XII dysfunction is suggested by
dysarthria and deviation of the protruded
tongue towards the involved side.

Cerebellar

Cerebellar function can be evaluated using rapid
alternative movements or point-to-point testing.
The slow, irregular, and clumsy movements that
occur with rapid alternating movements are
called dysdiadochokinesis and indicate cerebellar
disease. Cerebellar disease also results in move-
ments that are clumsy, unsteady, and inappropri-
ately varying in their speed, force, and direction.

The Romberg test is a functional test of pos-
ition sense (Figure 18.1). The patient stands with
his feet together and is then told to close his eyes.
In ataxia due to loss of position sense, vision

Figure 18.1
Positive Romberg test.
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compensates for the sensory loss. When the eyes
are closed, the patient loses balance resulting in a
positive Romberg sign. With cerebellar ataxia,
the patient has difficulty standing with his or her
feet together regardless of whether the eyes are
open or closed.

Gait testing

Whenever possible, gait should be tested. Ataxia
(a gait that lacks coordination with reeling and
instability) may be due to cerebellar disease, loss
of position sense, or intoxication. Tandem walk-
ing may bring out an ataxia not previously obvi-
ous. The broad-based ataxic gait of cerebellar
disorders is readily distinguished from the
milder gait disorders seen with vestibular or sen-
sory loss.

Rectal

A rectal examination may be useful to suggest
anemia from gastrointestinal bleeding, and
should be considered in the dizzy patient with a
history consistent with near-syncope.

Clinical tests
Orthostatic vital signs

Orthostatic hypotension is generally defined
as a fall in systolic blood pressure of at least
15-20mmHg within 2 minutes of standing
upright. Orthostatic vital signs may help suggest
hypovolemia, but are very nonspecific, especially
in the elderly, and should not be considered
pathognomonic.

Hallpike test

For patients with a history consistent with ver-
tigo, a Hallpike test (also known as the
Dix-Hallpike, Nylan-Barany, or Barany test)
should be performed at the bedside. This is per-
formed as follows: the patient sits upright in the
gurney with the head turned 45° to one side. The
patient is then guided down to the supine posi-
tion with the head overhanging the edge of the
gurney. The eyes are viewed for evidence of tor-
sional nystagmus and the patient is questioned
regarding reproduction of symptoms. By turning
the head 45° to one side, the posterior semicircu-
lar canal becomes aligned in the direction of

movement when the head is laid down. This
serves as the most provocative way to move the
otoliths and reproduce symptoms. The patient is
then returned to the sitting position and the eyes
are viewed again (Figure 18.2). With BPV, the
direction of nystagmus will be opposite in the
head-hanging and sitting positions. In the head-
hanging position, the eyes beat upward (toward
the forehead) and toward the affected ear in the
fast phase. The nystagmus fatigues with
repeated positioning, and there is usually a brief
latency from the time the head-hanging position
is achieved to the onset of nystagmus. The test is
then repeated with the head turned in the oppos-
ite direction. This test does not need to be done
rapidly, as it is a “positional” as opposed to a
“positioning” test. Although it is theoretically
possible to have bilateral BPV, generally only one
side tests positive in patients with BPV. This pos-
itive side serves as the starting point for the
Epley maneuver, described in the treatment
section.

Head-thrust test

This test should be performed if unilateral
peripheral vestibular loss is suspected, as in
vestibular neuritis or labyrinthitis. The patient’s
head is quickly rotated about 15° to the side
while the patient fixates on the examiner’s nose.
With unilateral peripheral vestibular loss, the
eyes cannot maintain focus, and a saccade (quick
rotation of the eyes from one fixation point to
another) will occur bringing the eyes back to the
examiner’s nose.

Hennebert’s test

This tests for the presence of a perilymphatic
fistula. If the patient develops reproduction of
symptoms (vertigo, nausea, and nystagmus)
on pneumatic otoscopy, the diagnosis may be
perilymphatic fistula. Méniere’s disease and
otosyphilis can cause false positive tests.

Hyperventilation

A 2-minute hyperventilation challenge is occa-
sionally used when psychophysiologic dizziness
is thought to be the cause of dizziness. How-
ever, the utility of this test remains unclear, and
symptom reproduction cannot be considered
diagnostic.
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Figure 18.2

The Dix—Hallpike Test of a Patient with Benign Paroxysmal Positional Vertigo Affecting the Right Ear. In Panel A, the
examiner stands at the patient’s right side and rotates the patient’s head 45 degrees to the right to align the right
posterior semicircular canal with the sagittal plane of the body. In Panel B, the examiner moves the patient, whose eyes
are open, from the seated to the supine right-ear-down position and then extends the patient’s neck slightly so that the
chin is pointed slightly upward. The latency, duration, and direction of nystagmus, if present, and the latency and duration
of vertigo, if present, should be noted. The red arrows in the inset depict the direction of nystagmus in patients with
typical benign paroxysmal positional vertigo. The presumed location in the labyrinth of the free-floating debris thought to
cause the disorder is also shown. Reprinted from Furman JM, Cass SP, Benign Paroxysmal Positional Vertigo, N Engl J
Med 1999; 341(21):1590-1596. Copyright 1999 Massachusetts Medical Society. All rights reserved.

Differential diagnosis

Table 18.3 Features of conditions causing peripheral vertigo

Benign positional vertigo
Cerebellar pontine angle
tumors (acoustic neuroma,
meningioma, dermoid)
Cholesteatoma

Labyrinthitis

Méniere’s disease

Symptoms
Vertigo for seconds at a time

Vertigo, deafness

Facial twitching, various degrees of hearing loss

Continuous vertigo for hours to days;
decreased hearing

Episodic vertigo, fluctuating hearing loss, ear
fullness, roaring tinnitus

Signs

Positive Hallpike test

Ataxia, ipsilateral facial weakness,
loss of corneal reflex, cerebellar
signs

May have positive insufflation test

Positive head-thrust test,
decreased hearing

Low-frequency hearing
loss (unilateral in most cases)
(continued)
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Table 18.3 Features of conditions causing peripheral vertigo (cont)

Symptoms

Otitis media or tympanic
membrane rupture

Vertigo
Ototoxic drugs

affected; hearing loss
Perilymphatic fistula

Vestibular neuritis

Table 18.4 Features of conditions causing central vertigo

Symptoms

Basilar artery
migraine

Vertigo, tinnitus, headache,
visual aura

Cerebellar infarction
or hemorrhage

Mild vertigo

Multiple sclerosis

Vertigo uncommon since both inner ears

“Popping” sound, hearing loss, tinnitus

Continuous vertigo for hours to days

Discrete episode of vertigo lasting several

Signs

Bulging or ruptured tympanic
membrane

Ataxia, oscillopsia

Positive insufflation test

Positive head-thrust test

Signs

Decreased hearing, diplopia, dysarthria,
ataxia, bilateral paresis, bilateral paresthesias,
decreased level of consciousness

Truncal or limb ataxia, abnormal
Romberg test

Ataxia, optic neuritis

hours to weeks, usually non-recurrent

Temporal lobe
seizures

Vertigo as part of an aura

Vertebrobasilar
insufficiency provoked by position
Wallenberg syndrome
(lateral medullary
infarction)

Vertigo, nausea or vomiting,
dysphagia and dysphonia

Diagnostic testing

Diagnostic testing should be based on the
emergency physician’s history and physical
examination. For example, patients who have a
classic history for BPV, a positive Hallpike test,
and a normal neurologic examination do not nec-
essarily need laboratory tests or imaging studies.

Any patient with a focal neurologic examin-
ation should receive computed tomography (CT)
of the brain and if possible, magnetic resonance
imaging (MRI) of the brain.

Laboratory tests

Laboratory testing is rarely helpful in the eval-
uation of the dizzy patient. A hemoglobin and
hematocrit may be helpful to detect anemia, and a
glucose level may be useful to exclude hypo- or

Vertigo lasting for minutes, may be

Amnesia during seizure, other
associated aura symptoms present

May include diplopia, dysphagia,
dysarthria, and bilateral loss of vision

Ipsilateral Horner’s syndrome, facial
numbness, loss of corneal reflex,
paralysis or paresis of the soft palate,
pharynx, and larynx

hyperglycemia, especially in the diabetic patient.
In addition, electrolytes, renal function tests, and a
toxicology screen may be helpful in certain cases.

Electrocardiogram

An electrocardiogram is appropriate if the emer-
gency physician suspects a cardiac cause for
a patient’s dizziness, especially if the history is
suggestive of near-syncope. The emergency
physician should look for evidence of dysrhyth-

mia or ischemia.

Radiologic studies

Any patient with concern for central vertigo
or who has focal neurologic deficits on examin-
ation should receive an advanced imaging test.

248 Primary Complaints



Cranial computed tomography

This study is commonly available but has limited
utility when evaluating the posterior fossa. A neg-
ative CT in a patient with focal neurologic deficits
demands further testing or subspecialty consult-
ation (Figure 18.3).

Figure 18.3
Left cerebellar infarct. Non-enhanced head CT revealing left
cerebellar hemisphere infarct. Courtesy: G. Garmel, MD.

Figure 18.4

Right cerebellar infarct. T2-weighted MRI of the brain
revealing high signal intensity consistent with a large right
cerebellar infarct. Courtesy: Mahesh Jayaraman, MD.

Cranial magnetic resonance imaging

This is more likely to detect subtle brainstem or
inferior cerebellar infarction (Figure 18.4).

General treatment
principles

Symptomatic care is usually all that is needed for
the dizzy patient. If a patient is nauseated or
actively vomiting, an intravenous (IV) line should
be established and antiemetic medication given
along with IV hydration. Fluids should also be
given if the physician suspects hypovolemia or
dehydration as a contributing cause. If a cardiac
cause is being considered, oxygen should be
applied and an electrocardiogram obtained.

Peripheral vertigo

After supportive care has been initiated, the
emergency physician should determine whether
or not the patient has BPV, the most common
cause of vertigo. This is based on characteristic
historical features and a positive Hallpike test.

The Epley (canalith repositioning) maneuver

Patients with BPV should have the modified
Epley maneuver (Figure 18.5) performed as fol-
lows: the patient’s head is turned 45° to the side
causing symptoms (as determined by the
Hallpike test). The patient is guided to the supine
position with the head hanging over the edge of
the gurney. The head is then rotated 90° in the
opposite direction with the face upwards, main-
taining a dependent position. The patient is then
asked to roll onto his side while holding the head
in this position. The head is then rotated so that it
is facing obliquely downward, with the nose 45°
below horizontal. The patient is then raised to a
sitting position while maintaining head rotation.
Finally, the head is rotated to a central position
and moved forward 45°. Each position is held until
resolution of nystagmus occurs or for at least 30
seconds. It is not clear if the Epley maneuver
should be repeated multiple times. Epley himself
has performed the maneuver up to 5 times (per-
sonal communication). Other experts perform
the maneuver only once since they feel that the
particles will continually reintroduce themselves
into the canals if the procedure is repeated. The
Epley maneuver takes approximately 2-3 minutes
to perform and is done at the bedside. Patients are
expected to have their symptoms reproduced
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Figure 18.5

Bedside Maneuver for the Treatment of a Patient with Benign Paroxysmal Positional Vertigo Affecting the Right Ear. The
presumed position of the debris within the labyrinth during the maneuver is shown in each panel. The maneuver is a
three-step procedure. First, a Dix—Hallpike test is performed with the patient’s head rotated 45 degrees toward the right
ear and the neck slightly extended with the chin pointed slightly upward. This position results in the patient’s head
hanging to the right (Panel A). Once the vertigo and nystagmus provoked by the Dix—Hallpike test cease, the patient’s
head is rotated about the rostral-caudal body axis until the left ear is down (Panel B). Then the head and body are
further rotated until the head is face down (Panel C). The vertex of the head is kept tilted downward throughout the
rotation. The maneuver usually provokes brief vertigo. The patient should be kept in the final, face-down position for
about 10 to 15 seconds. With the head kept turned toward the left shoulder, the patient is brought into the seated
position (Panel D). Once the patient is upright, the head is tilted so that the chin is pointed slightly downward. Reprinted
from Furman JM, Cass SP, Benign Paroxysmal Positional Vertigo, N Engl J Med 1999; 341(21):1590-1596. Copyright
1999 Massachusetts Medical Society. All rights reserved.

during each part of the maneuver, which indicates  to the utricular macule. The time required for this

that the maneuver is moving the otoliths within
the semicircular canal. Aside from the expected
reproduction of symptoms and possible vomiting,
no adverse events from performing the Epley
maneuver have been reported. After the maneu-
ver, patients are generally advised to stay in an
upright position. Once the otoliths enter the utri-
cle where they belong, they need time to reattach

process is not clear, but it is generally recom-
mended that at least 8 hours are needed before
the patient can assume a supine position.

Vestibular suppressants

The use of vestibular suppressants is based
on the sensory conflict theory. This states that when
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there is a mismatch of information from any of
the three main sensory inputs (vestibular, visual,
and proprioceptive), nausea and emesis result in
the acute phase, but habituation occurs over
time. This mismatch of information is compared
to learned prior stimuli. This process is thought
to be mediated by three or four neurotransmit-
ters: gamma amino butyric acid (GABA), acetyl-
choline, histamine and serotonin. Benzodiazepines
work by preventing the mismatched information
from being compared to prior learned stimuli.
However, many experts avoid using benzodi-
azepines since they prevent the process of
vestibular rehabilitation. Anticholinergics work
by decreasing the signal-size conflict, and are
thought to be the most useful agents. However,
atropine is rarely used due to its serious side
effects, and scopolamine has an onset of several
hours, limiting its use in the ED. Antihistaminics
and antiserotonergics block the emesis response.
These medications, which include promethazine
and meclizine, also have anticholinergic side
effects. Intravenous promethazine (Phenergan) is
felt by many to be the best medication for the
acutely symptomatic patient experiencing vertigo.

Central vertigo

The treatment of central vertigo depends on the
cause. Antiplatelet agents should be started in
consultation with a neurologist.

Near-syncope

For near-syncope due to orthostatic hypotension,
removal of offending medications or correction
of volume depletion will often be therapeutic. In
patients with autonomic insufficiency, increased
salt intake can increase blood volume, and elastic
stockings can prevent pooling of blood in the
lower extremities. For vasovagal near-syncope,
reassurance is usually all that is needed. Patients
can also increase their fluid intake and avoid
conditions that predispose them to hypotension
and dehydration. Near-syncope associated with
impaired cardiac output can be a serious warn-
ing sign. Cardiac dysrhythmia management
depends on the actual thythm, and many patients
can be helped with the insertion of a pacemaker
even if the diseased heart cannot be treated.
Hyperventilation-induced near-syncope should
be treated by educating and reassuring the patient
that this is a benign disorder. If associated with
panic disorder, pharmacologic treatment (i.e.,

tricyclic antidepressants or selective serotonin
reuptake inhibitors) may be considered after dis-
cussion with the patient’s primary care physician.

Disequilibrium

For disequilibrium, gait and balance training may
be beneficial for those patients without cerebellar
lesions. Indeed, a cane or walker often helps most
patients. Patients with alcoholic cerebellar degen-
eration may show improvement following their
discontinuation of alcohol consumption. Parkin-
son’s disease may be improved with L-DOPA.
Hydrocephalus-induced disequilibrium can be
reversed with shunt placement.

Psychophysiologic dizziness

For psychophysiologic dizziness, supportive
psychotherapy in addition to medications may
be helpful. Medications include benzodiazepines,
tricyclic antidepressants, and selective serotonin
reuptake inhibitors. These medications should be
started only after consultation with the patient’s
primary care physician or specialist.

Special patients
Pediatric

Children rarely complain of dizziness. When
they do, they present with similar vestibular and
non-vestibular problems as adults. Otitis media
and its complications (suppurative labyrinthitis
or mastoiditis) can lead to vestibular complaints.
Acute cerebellar ataxia can follow a viral infection,
and usually occurs in children under the age of
6 years. Infection or volume depletion may be
important clues to the diagnosis. Disequilibrium
in a young person suggests neurologic disease.
Also, near-syncope in a young athlete who is
exercising may indicate serious cardiac disease,
such as hypertrophic obstructive cardiomyop-
athy or aortic stenosis.

Elderly

Dizziness becomes more common in the elderly,
which can result in falls causing hip fractures
and intracerebral hemorrhage. Elderly patients
are more likely to present with central causes of
vertigo, such as ischemic cerebrovascular dis-
ease, and are more likely to be debilitated by
symptoms of peripheral vertigo.
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Disposition

Admission of patients with dizziness or vertigo
should be based on the underlying etiology or
associated symptoms. Patients with peripheral
vertigo may be discharged home, unless they
present with intractable vomiting or vertigo that
cannot be controlled in the ED. Patients with an
abnormal neurologic examination or those with
increased suspicion for a serious neurologic
cause should have a formal neurologic consulta-
tion or be admitted for observation. Similarly,
patients in whom cardiac dysrhythmias are a
likely cause should be admitted for observation
and cardiac monitoring.

Pearls, pitfalls, and myths

¢ A detailed neurologic examination is
important in differentiating central
from peripheral vertigo. Since the
cerebellovestibular nuclei are tightly packed
with other tracts in the brainstem, any lesion
that affects these nuclei will likely affect
others as well.

¢ The Hallpike test should be performed in
patients who present with vertigo, but not
rapidly. Gently guide the patient into the
head-hanging position.

¢ [tis important to differentiate BPV from
other causes of peripheral vertigo, such as
vestibular neuritis, labyrinthitis, and
psychophysiologic dizziness, since the Epley
maneuver only works for BPV.

¢ A chief complaint of dizziness should not
result in the knee-jerk reflex to prescribe
meclizine. Although meclizine is effective in
many cases of vertigo, it may worsen
symptoms in other subcategories of dizziness.
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19 Ear pain, nosebleed and throat pain (ENT)

EAR PAIN

Gregory H. Gilbert, MD and S.V. Mahadevan, MD

Scope of the problem

Ear pain (otalgia) is a common emergency depart-
ment (ED) complaint. It prompts over 30 million
physician visits per year. By the third year of life,
80% of the population will have complained of
otalgia at least once. Though many conditions
may cause ear pain, otitis media (OM) is by far the
most common diagnosis, especially in the pedi-
atric population. The potential for serious causes
of otalgia, such as malignant otitis externa (OE)
and mastoiditis, underscore the need for early and
accurate diagnosis and treatment.

Anatomic essentials

The anatomic ear may be divided into three dis-
tinct sections: external, middle and inner (Figure
19.1). The external ear, consisting of the auricle
(pinna) and the external auditory canal (EAC),

Malleus

Auricle

External '

auditory
canal
. Facial nerve
Tympanic (CN VII)
membrane
Figure 19.1

Ear anatomy.

originates at the pinna and ends at the tympanic
membrane (TM). The middle ear is an air-
containing cavity in the petrous temporal bone
that houses three auditory ossicles: the malleus,
incus and stapes. Though the middle ear is sep-
arated from the outer ear by the TM, it connects
anteriorly with the nasopharynx via the
eustachian tube, and posteriorly with the mas-
toid air cells. The inner ear includes the cochlea,
which contains the auditory receptors, and
vestibular labyrinth, which contains the balance
receptors. Sensory innervation of the ear is
derived from branches of cranial nerves (CNs) V,
VII, IX and X as well as I, IT and III.

Primary otalgia (Table 19.1) is ear pain that
results from structures directly within or adjacent
to the anatomic ear. OM and OE are the most
common causes of primary otalgia.

The development of OM is thought to be asso-
ciated with dysfunction of the eustachian tube.
The eustachian tube protects the middle ear from

Vestibular labyrinth

Cochlea

Vestibulo-
cochlear
nerve (CN VIII)

Eustachian tube
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nasopharyngeal secretions, allows drainage of
middle ear secretions, and helps equilibrate air
pressure in the middle ear. Eustachian tube
dysfunction may trap fluid, secretions and bacteria
within the middle ear and result in an infection.

Table 19.1 Causes of otalgia (adapted from Tintinalli)

Primary Referred
® [nfection ® Dental

— Otitis media — Temporomandibular

— Otitis externa joint disease

— Mastoiditis — Caries or tooth

— Bullous myringitis abscess
® Foreign body — Malocclusion
® Cerumen impaction — Poorly-fitting dentures
® Cholesteatoma — Bruxism
® Neoplasms — Trauma
® Aerotitis ® Retro and oropharyngeal
® Neuralgias — Tonsillitis

— Herpetic geniculate  — Pharyngitis

— Tic douloureux — Abscess

— Neoplasm
® Sinusitis

® Throat and neck
— Foreign body
— Thyroid disease
— Cervical strain
— Neoplasm

Muscles of
mastication

Oropharyngeal

¢ Tonsillitis

* Pharyngitis
e Abscess

* Neoplasm

Cervical spine

/

Upper gastrointestinal
tract

Mechanical obstruction of the eustachian tube
may result due to localized inflammation from
an upper respiratory infection (URI), allergies or
hypertrophied adenoids. Functional obstruction
secondary to eustachian tube collapse may occur
in young children due to anatomic differences,
such as a shorter length and less cartilaginous
support.

OE results from inflammation or infection of
the EAC. Prolonged exposure to moisture (i.e.,
swimming) or local trauma (i.e., cotton swabs or
hearing aids) can disrupt the protective outer
layer of the EAC, allowing bacterial penetration
and ensuing infection. Malignant OE, an invasive
necrotizing form, may occur in diabetics or
immunocompromised patients and result in
severe neurologic sequelae or death.

Not all ear pain originates from the anatomic
ear. Otalgia referred from sources outside the
anatomic ear (Table 19.1) occurs as a result of
shared sensory innervation by the anatomic ear
and other head and neck structures. Referred otalgia
may arise from pathology in the parotid glands,
teeth, muscles of mastication, mandible, nasophar-
ynx, paranasal sinuses, thyroid gland, cervical
spine, upper gastrointestinal tract or upper respira-
tory tract (Figure 19.2). Dental disorders are the

Temporomandibular
joint

Parotid gland

Sinus

Dental

¢ Caries

¢ Malocclusion

* |lI-fitting dentures
* Bruxism

e Trauma

Upper respiratory tract

Figure 19.2
Sources of referred otalgia.

Thyroid gland
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most common cause of referred otalgia, espe-
cially if the ear examination is normal. Elderly
patients are most likely to present with a referred
cause of otalgia.

History

Obtaining an accurate history from young patients
may be challenging, as a parent or guardian may
be describing the patient’s symptomatology.

How did the pain begin and how long have
you had it?

Most patients present with acute ear pain within
24 hours of its onset. The ear pain may be moder-
ate to severe, leading to difficulty sleeping and
prompting an ED visit in the middle of the night.
In one study, patients who delayed seeking ini-
tial care for OM were more likely to present with
complications. Long-standing undiagnosed ear
pain may represent an undiagnosed head and
neck carcinoma.

Describe the pain?

Constant, sharp, stabbing pain with associated
pressure or throbbing is typical of acute OM
(AOM). The discomfort from OE may vary from
itching to severe pain. Intermittent or variable pain
is usually referred and may arise from the tem-
poromandibular joint (TM]) or teeth. A sudden
decrease in pain associated with discharge from the
ear is typical of TM rupture. Pediatric patients may
pull at their ears rather than complain of ear pain.

What makes the pain better or worse?

Pain exacerbated by eating or chewing may
be referred from the TM] or teeth. AOM is typic-
ally worsened with recumbent position. The
discomfort from OE is often aggravated by
manipulation of the tragus or ear.

How is your hearing?

Patients may describe hearing loss, muffled hear-
ing, popping or crunching sounds. Hearing loss or
changes may accompany OM, OE, foreign bodies
(FBs) and cerumen impaction.

Any ear discharge?

Otorrhea (discharge from the ear) may occur
with a ruptured TM, OE or FB. The discharge

may be serosanguinous or purulent. Pain typi-
cally precedes otorrhea in OM, whereas in OE
it accompanies the drainage. Chronic ear pain
and drainage may represent mastoiditis or a
cholesteatoma.

Any recent travel or trauma?

Diving or recent air travel could lead to TM per-
foration from barotrauma. A history of swimming
often accompanies OE. A direct blow to the side of
the head or noise trauma can also cause TM perfor-
ation. The use of a Q-tip to clean the ear canal can
result in damage to the external auditory meatus or
TM. A whiplash injury or arthritis of the cervical
spine can lead to referred otalgia.

Associated symptoms
General

Ask about fussiness, lethargy, fever and URI. While
adults and older children can articulate ear pain,
infants and toddlers may cry, fuss or refuse food.
Very few patients with OM will have a fever
greater than 40°C. In these patients, considera-
tion should be given to other etiologies of ear
pain, such as OE, trauma, FBs, mastoiditis,
meningitis or an abscess. In one prospective
study, nearly all patients with OM had ear pain,
decreased hearing and URI symptoms, but only
9% of these patients had fever.

Head and neck

Ask about headache, sinus problems, dizziness, brux-
ism, difficulty swallowing and changes in speech. As
otalgia may be referred, a complete review of
head and neck symptoms is imperative.
Headache may occur with sinusitis, mastoiditis
and malignant OE. Headache can also accom-
pany complications of these conditions, such as
meningitis, brain abscess and cavernous sinus
thrombosis. The presence of dizziness or tinnitus
suggests inner ear involvement. Patients who
grind their teeth in the middle of the night (brux-
ism) are more likely to have TM] syndrome or a
dental problem. Difficulty swallowing and speak-
ing can hint that the pain is referred from a
retropharyngeal or peritonsillar abscess, or pos-
sibly a laryngeal mass.

Past medical

Patients with cervicofacial pain syndromes like
myalgias, neuralgias or arthritis may have otalgia.
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Children diagnosed with AOM by 1 year of age
are more likely to have recurrences, with 33% of
patients getting five or more episodes by the age
of 6 years. Previous surgery such as myringotomy
or tympanostomy tube placement usually indi-
cates either a history of OM with a serious compli-
cation or frequent recurrences unresponsive to
antibiotic therapy. Patients with allergies also are
at increased risk for both sinusitis and AOM,; the
same is true with craniofacial abnormalities seen in
Down’s syndrome or cleft palate. A history of
sinus problems can suggest a source of the otalgia.
Immunocompromised patients and diabetics are
at significant risk for developing malignant OE.

Medications

Patients taking medications containing acet-
aminophen or non-steroidal anti-inflammatory
drugs (NSAIDs) for their ear pain may not
exhibit a fever. Symptomatic patients with OM
who are currently taking antibiotics may require
a second-line agent due to penicillin-resistant
Streptococcus pneumoniae.

Social

A positive correlation exists between smoking
and OM. Studies reveal a 2- to 4-fold increase in
OM when exposed to second-hand smoke.
Smoking also increases the risk of getting sinus-
itis and cancer of the larynx, both which may
cause referred otalgia. Children who attend
group day care are at a 2.5-fold increased risk
for OM, while breastfed infants have 13% fewer
ear infections. Like viruses and the common
cold, ear infections are seasonal and tend to
occur more frequently in the winter and early

spring.

Physical examination

While the history helps establish the problem, a
careful physical examination may identify the
diagnosis.

General appearance

The importance of assessing the general appear-
ance of a pediatric patient cannot be overempha-
sized. A toxic-appearing child with altered

mental status or lethargy merits consideration of
sepsis and meningitis, even if the examination
reveals OM.

Vital signs

A fever can occur with AOM, but it is seldom
greater than 40°C. Tachycardia is commonly due
to fever and dehydration. For every degree (in
Celsius) of temperature elevation, expect an
increase in the pulse of about 10 beats/minute.

Head, eyes, ears, nose and throat

A complete head, eye, ear, nose and throat
(HEENT) examination is essential to proper
assessment of the patient with otalgia. Possible
serious etiologies identified on examination
include mastoiditis, ruptured TM with disloca-
tion of the ossicles, retropharyngeal abscess,
meningitis, and malignant OE.

Head and face

The sinuses should be examined to assess for the
possibility of sinusitis. The temporal artery
should be palpated, as temporal arteritis is a
treatable cause of referred otalgia. Periauricular
lymphadenopathy may occur with scalp or neck
infections. The submandibular, submaxillary
and parotid glands should also be inspected and
palpated. An infection, tumor or salivary stone
affecting the parotid gland, which lies just
anterior to the ear, could lead to otalgia.

Ears
External ear

The external ear and periauricular areas should
be examined for signs of inflammation. The
presence of postauricular erythema, swelling
and tenderness with protrusion of the auricle
and loss of the postauricular crease suggests
acute mastoiditis (Figure 19.3). In patients with
malignant OE, the auricle may appear abnormal
and grossly deformed.

Ear canal

Begin by selecting the correct speculum size for
use with the otoscope. Pain on insertion of the
speculum into the canal suggests OE (Figure 19.4).
If the canal is occluded with cerumen, debris or
discharge, careful removal with an ear curet may
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Figure 19.4
External otitis media. Note inflamed and erythematous
external auditory canal. Courtesy: Lawrence Stack, MD.

Figure 19.3
(a) Mastoiditis. Courtesy: Lawrence Stack, MD. (b) Severe
mastoiditis. Courtesy: Robert Jackler, MD.

improve visibility. The EAC should be examined
for signs of inflammation or the presence of a FB.
The presence of erythema or edema of the canal,
with ear pain reproduced by pulling on the auricle
or tragus, signifies OE.

Tympanic membrane

Pulling the auricle posteriorly and superiorly
straightens the external auditory canal and facil-
itates visualization of the TM. The light reflex,
color, translucency and bony landmarks of the

Figure 19.5

A normal tympanic membrane. The drum is thin and
translucent, and the ossicles are readily visualized. It is
neutrally positioned with no evidence of bulging or
retraction. Reprinted from Atlas of Pediatric Physical
Diagnosis, 4th ed., Eds Zitelli BJ, Davis HW. Copyright
2002, with permission from Elsevier.

TM should be noted. Comparison with the other
ear may be helpful. The normal TM is shiny and
translucent (Figure 19.5). Erythema may be pres-
ent with OM, but also crying or fever. A retracted
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Figure 19.6

Acute otitis media with bullous myringitis. Otoscopy
reveals an erythematous bullous lesion, obscuring much
of the tympanic membrane. This phenomenon, called
bullous myringitis, is caused by the usual pathogens of
otitis media in childhood. The bullous lesion commonly
ruptures spontaneously, providing immediate relief of
pain. Reprinted from Atlas of Pediatric Physical
Diagnosis, 4th ed., Eds Zitelli BJ, Davis HW. Copyright
2002, with permission from Elsevier.

Figure 19.7
Herpes zoster oticus. Courtesy: Lawrence
Stack, MD.

TM with prominence of the malleus may be
found with OM with effusion. The development
of bullae indicates bullous myringitis (Figure
19.6); vesicles suggest Ramsay-Hunt syndrome
(herpes zoster oticus) (Figure 19.7). The presence
of a tympanostomy tube may lead to decreased
TM mobility, altered landmarks, opacity and
dullness, even in the absence of infection. A
defect in the TM suggests perforation (Figure
19.8), while a white mass behind the TM may be
a cholesteatoma.

Figure 19.8

Acute otitis media with perforation. In this child, increased
middle ear pressure with acute otitis

resulted in perforation of the tympanic membrane.

The drum is thickened, and the perforation is seen at the
3 o’clock position. Reprinted from Atlas of

Pediatric Physical Diagnosis 4th ed., Eds Zitelli BJ, Davis
HW. Copyright 2002, with permission from Elsevier.

Pneumatic otoscopy

Following visualization of the TM with the oto-
scope, air can be insufflated into the canal using
a pneumatic bulb. The normal TM should be
slightly mobile with insufflation. The lack of TM
mobility highly suggests a middle ear effusion,
though mobility may also be reduced from mid-
dle ear adhesions, TM perforation or eustachian
tube dysfunction. An immobile, bulging, erythe-
matous eardrum which has lost its bony land-
marks is very predictive of AOM (Figure 19.9).
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Figure 19.9
Acute otitis media. (a) An erythematous, opaque, bulging tympanic membrane with a reduced light reflex and
partially obscuration of the landmarks. (b) The finding of both air and fluid-formed bubbles separated by gray-
yellow menisci, combined with fever and otalgia, is consistent with acute infection (even though the drum is not
injected). (c) The tympanic membrane is injected at the periphery and a yellow purulent effusion bulges outward
from the inferior aspect. Reprinted from Atlas of Pediatric Physical Diagnosis, 4th ed., Eds Zitelli BJ, Davis HW.
Copyright 2002, with permission from Elsevier.

If the ear canal is too large to provide a
good pneumatic seal, the patient is likely old
enough to perform a modified Frenzel maneu-
ver. In this procedure, the patient pinches the
nose, gently blows without opening the mouth
(cheeks puffing out is okay) and then swallows.
Using this technique, the normal TM should
move outward initially and then inward with
swallowing.

Hearing

Hearing can be evaluated in a cooperative patient,
but rarely in the young pediatric patient. Hearing
can be measured grossly or using the Weber and
Rinne tests. The Weber test is performed by plac-
ing the base of vibrating tuning fork on the mid-
dle of the forehead, equidistant from the ears.
Hearing the tone louder in one ear suggests
either conductive hearing loss in that ear or sen-
sorineural hearing loss in the opposite ear.
Plugging your ear with a finger (to simulate con-
ductive hearing loss) and performing the test
will demonstrate this finding. The Rinne test is
performed by alternating placement of a vibrat-
ing tuning fork directly on the patient’s mastoid
process (bone conduction) and in front of the
patient’s ear (air conduction). Hearing the tone
louder in front of the ear is a positive Rinne test,
indicating normal hearing or sensorineural hear-
ing loss. Hearing the tone louder with the tuning
fork against the mastoid is a negative Rinne

test and indicates conductive hearing loss in
that ear.

Mouth and throat

Since dental pain is the most common cause of
referred otalgia, the teeth should be carefully
examined for dental caries, abscess, impacted
molars or poorly-fitting dentures. Dental maloc-
clusion resulting from TM] dysfunction can
cause referred ear pain from masticator muscle
spasm. The TMJ should be assessed for clicking,
popping and tenderness consistent with TM]
syndrome. Assess the oropharynx for the possibil-
ity of pharyngitis, peritonsillar abscess, retropha-
ryngeal abscess, or mass.

Neck

The neck should be evaluated for meningeal
signs which must not be missed. Also assess the
neck for musculoskeletal disorders, lymph node
and thyroid enlargement, or other masses or ten-
derness. Flexion of the neck may increase otalgia
due to degenerative joint disease.

Cranial nerves

Cranial nerve VII dysfunction and resulting
facial paralysis may occur in patients with
Ramsay-Hunt syndrome, mastoiditis or malig-
nant OE.
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Diagnosis

Acute otitis media

(Figure 19.9)

Bullous myringitis
(Figure 19.6)

Cholesteatoma

Dental caries

Foreign body

Herpes zoster
oticus (Ramsay-
Hunt syndrome)
(Figure 19.7)

Malignant otitis

externa

Mastoiditis
(Figure 19.3)

Otitis externa
(Figure 19.4)

Differential diagnosis

Table 19.2 Differential diagnosis of ear pain

Symptoms

Ear pain; hearing loss;
recent URI; pain worse
at night; drainage from
ear; children may have
fever, fussiness, poor
appetite, pulling at the
affected ear.

Acute onset of ear pain,
usually following a URI
(like AOM); hearing loss;
serosanguinous ear
drainage.

Progressively worsening
hearing loss; malodorous
ear drainage and pain.

Throbbing pain, sometimes
localized; exacerbated by hot
or cold foods, or lying supine.

Children: ear pain; itching;
discharge; foul odor.
Adults: Usually provide
history of FB; may feel
motion or buzzing with
insect.

Pain (may be out of
proportion to physical
findings); rash; facial
paralysis; hearing loss
and vertigo.

Fever; severe pain;
swelling of the pinna;
purulent drainage;
headache; facial
paralysis; history of
diabetes or
immunocompromise.

Deep severe ear pain;
headache; fever, chills,
malaise; ear drainage;
postauricular ear pain

and swelling.

Varies from itching to
severe pain; serous to
purulent discharge from
the ear canal; systemic
symptoms usually absent.

Signs

Temperature usually <40°C;

TM findings: erythema, loss of
light reflex, retraction or bulging,
impaired mobility with pneumatic
otoscopy; absence of pain with
manipulation of pinna; drainage
if TM ruptured.

Serous or hemorrhagic blisters
(bullae) on the TM; abnormal
hearing.

A cyst of desquamated epithelium
or keratin that appears as a whitish
area of the TM or polyp protruding
through a TM defect.

Poor dentition; pain with
percussion of the affected tooth.

Most FBs should be visible;
reexamination after removal is
important to exclude TM injury,
or a retained or additional FB.

Herpetiform vesicular
eruption; vesicles may be
seen on the pinna, EAC, TM,
oral cavity, face and neck as
far down as the shoulder;
peripheral CN VII nerve palsy.

Classic finding is granulation
tissue on the floor of the EAC
at the bone—cartilage junction;
tenderness of bony structures
around the ear; cranial nerve
involvement is a serious sign.

Postauricular erythema,
swelling and tenderness;
protrusion of the auricle and
loss of the postauricular
crease; cranial nerve palsies.

Crusting and drainage in and
around the EAC; erythema
and edema of the EAC;
manipulation of the auricle
worsens the pain; the ear canal
may be swollen shut leading
to conductive hearing loss.

Special work-up

CT or MRI may
reveal local bone
erosion.

ESR elevated; CT, MRI,
Gallium scintigraphy.

Radiographs may be
negative; CT or MRI
is more useful.

(continued)
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Table 19.2 Differential diagnosis of ear pain (cont)

Signs

Fever; enlarged inflamed
tonsils; exudates; trismus;

displacement of the infected

tonsil and deviation of the
uvula with peritonsillar
abscess; oropharyngeal
fullness or tenderness with
“rocking” the trachea with
retropharyngeal abscess.

Special work-up

A lateral neck
radiograph or CT will
demonstrate

the retropharyngeal
abscess.

Diagnosis Symptoms
Pharynagitis, Sore throat; fever;
peritonsillar or absence of URI
retropharyngeal symptoms; headache;
abscess dysphonia; dysphagia;
odynophagia; drooling.
Sinusitis Headache; facial pain;

nasal congestion;
purulent nasal drainage;
persistent URI symptoms;
maxillary toothache; pain
exacerbated and relieved
with changes in position.

Temporomandibular Intermittent pain, worsens

joint during the day; typically
unilateral; pain associated
with chewing or bruxism
(teeth grinding).

Tenderness with palpation of
maxillary or frontal sinuses;
mucosal erythema and edema;
purulent nasal drainage;
transillumination may reveal
sinus opacification.

Clicking and tenderness at the
joint; trismus with palpable
masseter and internal pterygoid
muscle spasm.

Plain film accuracy
best for maxillary
sinusitis; diminished
for other sinuses;
CT is more sensitive
and specific.

Radiographs are
generally not helpful.

AOM: acute otitis media; CN: cranial nerve; CT: computed tomography; EAC: external auditory canal;
ESR: erythrocyte sedimentation rate; FB: foreign body; MRI: magnetic resonance imaging; TM: tympanic membrane;

URI: upper respiratory infection.

Diagnostic testing

Diagnostic testing is generally not indicated in the
evaluation of otalgia. In patients with suspected
malignant OE, cultures of the purulent discharge
may aid pathogen identification and guide anti-
biotic therapy. Computerized tomography (CT)
and/or magnetic resonance imaging (MRI) are
indicated to delineate the extent of infection.
Patients without an obvious source for otalgia on
physical examination may require a CT scan of the
head, face or neck to determine the etiology.
Thyroid function tests or an erythrocyte sedimen-
tation rate (ESR) may be helpful if thyroiditis or
temporal arteritis is suspected. Panorex or dental
X-rays may be helpful if suspicion exists for a
mandibular or dental etiology.

General treatment
principles
Pain relief

While ibuprofen or acetaminophen may be
adequate for some patients, others may require a
short course of narcotic analgesia. A topical

anesthetic like auralgan (antipyrine/benzocaine)
may be beneficial in patients with primary otalgia
and an intact TM. Viscous lidocaine or benadryl
elixir can be gargled to anesthetize the throat and
possibly localize referred otalgia to the oropharynx.

Otitis media
Antibiotics

Antibiotics are commonly used to treat AOM.
Since the advent of antibiotic therapy for AOM, the
rate of complications and deaths from AOM has
dropped dramatically. The first-line antimicrobial
agent for AOM is typically amoxicillin, given it
has few side effects and reasonable efficacy. The
use of higher dose amoxicillin (90 mg/kg/day) is
more effective against drug-resistant pneumococ-
cus; this therapy should be considered in chil-
dren who have received antibiotics in the past 3
months, are less than 2 years of age, or are in day
care. In penicillin-allergic patients, consider the
use of sulfa-containing agents (trimethoprim-
sulfamethoxisole, erythromycin—sulfisoxazole) or
the macrolides (azithromycin or clarithromycin).
Failure to improve after 72hours of antibiotic
therapy is considered a treatment failure. For
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Table 19.3 Antibiotic choices for acute otitis media

First line Dosage

Amoxicillin

Pediatrics: <3 months: 10-15mg/kg PO BID for 10 days; Max: 30 mg/kg/day

3 months-2 years: 45 mg/kg PO BID for 10 days
>2 years: 20—25 mg/kg PO BID for 10 days (Alt: 45 mg/kg PO BID for
5 days; Max: 875 mg/dose)
Adults: 500-875 mg PO BID for 10 days

Trimethoprim—sulfamethoxisole  Pediatrics: >2 months: 0.5 ml susp/kg PO BID for 10 days; Max: 20 ml susp/dose
Adults: 1 tablet PO BID for 7—14 days

Erythromycin—sulfisoxazole

Azithromycin
Max: 500 mg/day

Pediatrics: >2 months: 10-12 mg/kg (erythromycin component) PO QID for
7-14 days; Max: 2 g/day

Pediatrics: =6 months: 10 mg/kg PO day 1 then 5 mg/kg/day PO QD days 2-5;

Adults: 500 mg PO day 1, 250 mg PO QD days 2-5 (Alt: 500 mg PO QD for 3 days)

Clarithromycin

Pediatrics: 7.5 mg/kg PO BID for 10 days; Max: 1 g/day

Adults: 500 mg PO BID for 7-14 days

Second line Dosage

Amoxicillin—clavulanate

Dose based on amoxicillin component

Pediatrics: <3 months: 15 mg/kg PO BID for 10 days; Max: 30 mg/kg/day
3 months—2 years: 40-45 mg/kg PO BID for 10 days;
Max: 875 mg/dose
>2 years: 20-25 mg/kg PO BID for 10 days; Max: 1800 mg/day
Adults: 875 mg PO BID for 10 days

Cefuroxime axetil

Pediatrics: 10—15mg/kg PO BID for 10 days; Max: 1 g/day

Adults: 250-500 mg PO BID for 7-10 days

Ceftriaxone

Pediatrics: 50 mg/kg IM X 1 dose; Max: 1 g/dose

alt: alternative; BID: twice a day; IM: intramuscular; Max: maximum; PO: per os; QD: daily; susp: suspension.

patients who fail to respond to initial amoxicillin
therapy, the Centers for Disease Control and
Prevention recommend amoxicillin/clavulanate,
cefuroxime axetil or intramuscular ceftriaxone
(Table 19.3).

The need for antibiotic therapy in uncompli-
cated AOM is controversial. The over-prescription
of antibiotics for AOM and emergence of bacter-
ial resistance to commonly-used antibiotics has
heightened the urgency to reduce unnecessary
antibiotic use. Recent data suggest a lack of benefit
to antibiotic treatment in children with uncom-
plicated OM (the absence of fever and vomiting).
The practice of holding antibiotic therapy and
watchful waiting is common in Europe and gain-
ing acceptance in the US. Reliable patients with
adequate access to follow-up care are given a
safety-net antibiotic prescription (SNAP) to be
filled only if their symptoms do not resolve dur-
ing the first 48 hours. During this period of

observation, patients are managed with oral anal-
gesics and topical otic anesthetic drops.

Other therapy

The use of antihistamines, decongestants or ster-
oids provides no obvious benefit for patients
with AOM.

Otitis media with tympanic membrane
perforation

OM with perforation of the TM is treated similarly
to AOM. Since the purulent discharge associated
with perforation may result in an associated OE,
patients are also commonly treated with a topical
eardrops containing a steroid-antibiotic suspen-
sion, such as corticosporin-HC otic or corticosporin
ophthalmic drops. Patients should avoid swim-
ming and diving until the perforation has healed.
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Table 19.4 Otic drops for treatment of otitis externa

Name Components
VoSol Acetic acid and propylene glycol
VoSol HC Acetic acid and hydrocortisone

Dosage

5 gtts of 2% solution otic TID/QID for 7-10 days
3-5 gtts of 2% solution otic TID/QID for 7-10 days
Acetic acid and aluminum acetate 3-5 gtts of 2% solution otic every 2—4 hours for 7-10 days

Age = 1 year to 12 years: 5 gtts of 0.3% solution otic BID for

10-14 days
Age >12 years: 10 gtts of 0.3% solution otic BID for 10-14 days

Domeboro
Floxin Ofloxacin
Cipro HC Ciprofloxacin and hydrocortisone

Cortisporin*  Neomycin, hydrocortisone

and polymixin
Colymycin S Neomycin

Otobiotic Polymixin and hydrocortisone

Age = 1 year; 3 gtts of 0.2% solution otic BID for 7 days

3—4 gtts otic TID/QID for 7-10 days

3-5 gtts otic TID/QID for 7-10 days

3-5 gtts otic TID/QID for 7-10 days

BID: twice a day; * gtts = drops; HC: hydrocortisone; QID: four times a day; TID: three times a day.

During bathing, the placement of a petroleum
jelly-impregnated cotton ball in the outer ear may
prevent the entry of water into the EAC.

Otitis externa

The treatment of OE begins with cleansing the
external canal through gentle irrigation and suc-
tioning. Though irrigation may be performed with
tap water, saline or Burrow’s solution, acetic acid
has the added benefit of having antifungal and
antibacterial properties. Cleansing is followed by
treatment with topical antibiotic-steroid otic drops
(Table 19.4). In cases where the canal is occluded
by edema, the careful placement of a cotton wick
facilitates the delivery of medicine throughout the
entire ear canal. Consider systemic antibiotics if
cellulitis or systemic signs are present.

Foreign bodies

Approaches used for FB removal from the ear
include irrigation, suction, direct instrumentation
and cyanoacrylate (superglue). The preferred
approach reflects the type of FB, available equip-
ment and the physician’s proficiency. Warm water
irrigation is a simple, noninvasive approach for
patients with an intact TM. Avoid irrigation if the
suspected FB is made of organic material, as expan-
sion of the object following contact with water may
complicate its removal. For insects within the canal,
mineral oil or viscous lidocaine is usually applied

to immobilize and kill the insect. Lidocaine has the
added benefit of anesthetizing the canal and TM,
making extraction less painful. Following the
removal of any FB, prophylactic antibiotics may be
necessary to prevent OE. If removal of the FB can-
not be achieved in the ED, ear, nose and throat
(ENT) referral within 24 hours is necessary.

Special patients
Immune compromised

Diabetics and immunocompromised patients are
at increased risk for malignant OE, a severe necro-
tizing infection that originates in the ear canal.
As the infection spreads to adjacent structures, it
may become destructive and life-threatening. The
causative agent is usually Pseudomonas aeruginosa.
Systemic antipseudomonal antibiotics are usu-
ally administered for 4-8 weeks, and surgical
debridement may be required.

Disposition
Discharge

The vast majority of patients with otalgia are
discharged home with an excellent prognosis.
Patients who require subspecialty consultation
include those suffering from malignant OE or mas-
toiditis, and those with worrisome complaints or
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findings such as severe pain, neurologic deficits,
bloody discharge, hearing loss and vertigo.

Most cases of AOM should improve within
48-72hours. If symptoms persist, patients should
be reevaluated for complications or possible treat-
ment failure. Patients with an uncomplicated AOM
should be reexamined in 2-3 weeks to ensure reso-
lution of their middle ear effusion. Follow-up with
ENT should be arranged for patients with frequent
ear infections, craniofacial abnormalities or multi-
ple treatment failures. Patients with otalgia from an
undetermined source need follow-up and further
evaluation, as an occult tumor may be responsible.

Pearls, pitfalls, and myths

¢ The most common cause of otalgia is OM.

¢ Pain typically precedes otorrhea in OM; it
accompanies the drainage in OE.

¢ Few patients with OM have very high
temperatures.

* Animmobile, bulging red eardrum that
has lost its bony landmarks is consistent
with AOM.

e The presence of ear pain reproduced by
pulling on the tragus or auricle is likely
caused by OE.

¢ Not all discharge from an ear canal is due
to OE.

¢ Not all pain originates from the anatomic ear.

* Dental pain is the most common cause of
referred otalgia.

¢ Not all patients with OM need immediate
antibiotics.

¢ Placement of a wick may aid the treatment of
a patient with canal occlusion from OE.

¢ OE in an immunocompromised host,
especially with erythema and/or fever,
should be considered malignant OE until
proven otherwise.
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NOSEBLEED

Gregory H. Gilbert, MD

Scope of the problem

Nosebleeds (epistaxis) are frequently encoun-
tered in the emergency department (ED). There is
typically a bimodal distribution, with patients
commonly 2-10 or 50-80 years of age. Although a
relatively small percentage (6-10%) of patients
actually seek medical attention, epistaxis affects
one out of every seven persons in their lifetime, or
5-15% of the population per year. Though death
does occur, it is rare. Surprisingly, one study
showed that only a third of emergency personnel
in one ED were familiar with basic first aid for
epistaxis.

Anatomic essentials

Management of epistaxis requires a basic under-
standing of the nasal blood supply (Figure 19.10).
The nasal circulation is derived from branches of
the internal and external carotid arteries. The
vascular nature of the nose is essential for its
incredible heating and humidification require-
ments. To further facilitate this function, the
vasculature runs just under the mucosa (not the

squamous layer), leaving vessels more exposed
and at risk for damage. These vessels spread out
within this mucosal layer to form an anastomotic
meshwork, artificially divided into anterior and
posterior segments.

Anterior epistaxis originates from the anterior
network of vessels, located in the fleshy part of
the nose called Little’s area or Kiesselbach’s
plexus. This collection of vessels is supplied by
the anterior ethmoidal, greater palatine, septal
branch of the superior labial, and sphenopalatine
arteries. Ninety percent of nosebleeds originate
from this part of the nose. Examining the nasal
septum typically reveals the source in anterior
nosebleeds.

Posterior epistaxis occurs in 10% of nosebleeds.
Posterior hemorrhage may not be directly visual-
ized, and can be difficult to treat since it occurs in
a noncompressible part of the nose. A network of
vessels called Woodruff’s plexus supplied by the
sphenopalatine, posterior ethmoidal and nasopala-
tine arteries is the most common site of posterior
venous bleeds. In the event of an arterial bleed, it
is most likely from the sphenopalatine artery.
Table 19.5 provides a summary of information
about anterior and posterior epistaxis.

Anterior

Kiesselbach’s
plexus
(Little’s area)

Superior
labial
artery

Figure 19.10
Blood supply of the nasal septum.

Branch of
greater palatine
artery

ethmoid artery

Posterior ethmoid
artery

Sphenopalatine
artery
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Table 19.5 Summary of historical and examination distinctions between anterior and posterior epistaxis

Anterior

History Presence of an inciting event

Recent use of agents that promote

vasoconstriction of the nasal mucosa

Insertion of a foreign body
Recent cold, flu or allergies
Pediatric age group
Unilateral

Physical e Site of bleeding directly visualized
examination ® Bleeding from one nostril
® Foreign body identified

History

Management of the airway, breathing and circula-
tion (ABCs) and hemorrhage control take prece-
dence over obtaining a complete history. The
following information should be obtained once the
ABCs are secured and the bleeding is controlled.

How did this begin?

Attempt to determine what precipitated the epi-
staxis. Was it traumatic or spontaneous? The most
common causes of epistaxis include epistaxis
digitorum (nose picking), foreign bodies (FBs),
and dry air and upper respiratory infection (URI)
during the winter months. Think of nasal FBs in
children, institutionalized elderly and patients
with developmental delay. Consult ear, nose and
throat (ENT) early if there has been recent nasal
surgery. Traumatic epistaxis may be associated
with other serious facial injuries.

Which side did it begin on?

Bleeding from one naris suggests an anterior
nosebleed, while bleeding from both sides usu-
ally represents a posterior source. However,
blood from a brisk anterior nosebleed can reflux
into the unaffected side via the posterior
choanae, simulating posterior epistaxis.

How severe has it been?

Details regarding the amount of bleeding can be
helpful to determine the amount of blood loss
that has occurred. This is frequently embellished.
Much more accurate predictors of blood loss are
the patient’s vital signs, symptoms, and physical
signs.

Posterior

® Blood flowing down back of throat

® Started in both nares

® Seen more frequently in the elderly population
® Tends to be more severe

® Patient unable to control

® History of angiofibroma in young males

® Squamous cell carcinoma in Asians

Cannot identify anterior site of bleeding
Bleeding from both nares

® Blood continues to trickle down throat despite
adequate anterior pack

How did you attempt to stop the bleeding?

Direct pressure, Afrin or pledgets are common
things patients try before coming to the ED.
Epistaxis that persists despite these efforts is gen-
erally more difficult to treat.

Have you ever had this before?

Nosebleeds that recur should raise concern for
intranasal pathology, such as a deviated septum
and primary or secondary tumors. This warrants
ENT referral and should trigger questions about
easy bruising or bleeding, which may suggest
coagulopathy. Intranasal pathology predisposes
the patient to nosebleeds because of friable vessels
and/or engorgement. This is also seen in patients
with hypertension, congestive heart failure
(CHE), pregnancy or frequent sneezing. Ask the
patient about recent ED visits for bleeding and
how the bleeding was treated.

Have you been coughing up or vomiting
blood?

Massive epistaxis may be initially confused with
hemoptysis or hematemesis. In cases of epistaxis
without blood clearly dripping from the nose,
identification of bleeding from the posterior
nasopharynx confirms the diagnosis.

Past medical

It is important to ask about underlying medical
conditions such as bleeding disorders or blood
dyscrasias (hemophilia, von Willebrand’s disease,
Osler—-Weber-Rendu disease or thrombocytope-
nia). Ask about easy bruising or bleeding, human
immunodeficiency virus (HIV), liver or kidney
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disease and cancer, as these patients may have
drug use, thrombocytopenia, platelet disorders
or splenomegaly predisposing them to bleeding.

Past surgical

Has the patient had prior nasal surgery?

Medications

It is important to ask about medications that could
make bleeding more likely or treatment more dif-
ficult. These include platelet inhibitors like aspirin,
dipyridamole and non-steroidal anti-inflamma-
tory drugs (NSAIDs), or anticoagulants like war-
farin and heparin. The social history should
include questions about alcohol abuse or cocaine
insufflation, as both may contribute to or exacer-
bate bleeding.

Physical examination

A quick look at the patient should make it obvi-
ous whether the patient is stable or ill. A focused
physical examination should look at the following
items.

General appearance and skin

A pale, diaphoretic appearance is an ominous
sign. The patient has either lost a large amount of
blood, or does not like the sight of it. In either
case, placing the patient supine on a gurney will
prevent serious injury should the patient lose
consciousness. Ecchymosis, petechiae and spider
angiomas suggest underlying bleeding disor-
ders. Delayed capillary refill suggests significant
blood loss.

Vital signs

It is important to check the blood pressure and
pulse rate. Abnormalities suggesting significant
blood loss include hypotension, tachycardia or
symptomatic blood pressure changes from
supine to standing, and should prompt establish-
ment of intravenous (IV) access and administration
of fluid. Blood should be drawn for laboratory
studies in this situation. Although hypertension
has never been shown to cause epistaxis, it can
worsen bleeding when present.

Head, eyes, ears, nose and throat

A complete head, eye, ear, nose and throat
(HEENT) examination should be performed in all
patients with epistaxis. Signs of basilar skull frac-
ture (raccoon eyes, Battle’s sign, hemotympanum
or cerebrospinal fluid (CSF) rhinorrhea) can com-
plicate therapy, as devices introduced through
the nares (i.e., intranasal balloon device) are at risk
for perforating the cribriform plate and entering
the cranium. Assess for tenderness and stability
of the maxilla and other facial bones to help iden-
tify Le Fort or orbital wall fractures.

Nose

The key to successful examination of the nose is
preparation. Prior to the nasal examination, assem-
ble the proper items for examination, stabilization
and treatment (Table 19.6).

First, have the patient blow his nose to clear the
nasopharynx, even if the bleeding has stopped.
A thorough nasal examination should then be
performed. A nasal speculum assists with this
task (Figure 19.11). Attempt to locate the source of
bleeding. Ninety percent of nosebleeds have a
visible source, and careful examination of the
nasal septum will reveal a friable vessel. If trauma
was the cause, it is important to examine the nasal

Table 19.6 Suggested equipment for the evaluation and treatment of epistaxis

Examination

Protective eyewear

Two gowns

Nasal speculum

ENT headlamp or mirror
Yankauer and Frazier-tip suction
Emesis basin

Balloon

Kleenex or gauze

Pledgets

Stabilization

Bayonet forceps

4% topical cocaine or
1% lidocaine with
epinephrine and
4% topical lidocaine

Afrin spray

Treatment

Silver nitrate sticks
Electrocautery

Gelfoam

Bacitracin

1/2" X 6" petroleum gauze

16 fr. Foley or intranasal balloon
Rhino rocket or Merocel sponge
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Figure 19.11
Use of a nasal speculum to examine the nose.

Table 19.7 Etiologies of epistaxis

Traumatic or mechanical

e 006 0606 © 0 0 0 0 o

Epistaxis digitorum (nose picking)

Congenital or acquired nasal defects

Direct blow (with or without fracture)

FB (demented, psychiatric, intentional, children)

septum to exclude septal hematoma, and the facial
bones to exclude fracture. An untreated septal
hematoma can lead to an abscess or avascular
necrosis of the septum. If the bleeding source is not
visible on nasal examination, it may be from the
posterior circulation. Other findings consistent
with posterior epistaxis include bleeding from both
nares and hemorrhage into the posterior pharynx.
Controlling bleeding in these patients may be
extremely difficult. Consider confounding factors
like coagulopathy if bleeding persists despite direct
pressure, cautery and nasal packing. Consultation
with ENT and/or hematology may be necessary in
these patients. Nasal examination should look for
nasal pathology, such as FBs, perforated or devi-
ated septum, nasal masses or engorged vessels.

Differential diagnosis

Table 19.7 provides several etiologies of epistaxis.

Desiccation (low humidity household, winter, supplemental oxygen)
Infections/inflammation (allergic or atrophic rhinitis, URI, diphtheria, sinusitis, nasopharyngitis, nasopharyngeal

mucormycosis, chlamydial rhinitis neonatorum)

Local irritants (cocaine abuse, chemical/environmental irritants, OTC nasal sprays)

latrogenic (nasal surgery, NG tube, nasopharyngeal airway, septal perforation, cautery)
Barotrauma (abrupt changes in pressure — diving or rapid altitude gain)

Venous congestion (CHF, mitral stenosis, sneezing, coughing, nose blowing, Valsalva, pregnancy)

Tumors (benign or malignant)
® Primary (nasal polyps, juvenile angiofibroma, squamous cell, paranasal sinus tumors, metastatic)
® Secondary (thrombocytopenia due to leukemia, lymphoma or chemotherapy)

Predisposing factors
® Systemic toxins (rodenticide, plant poisoning, glycosides, coumarin, heavy metals)

® Medications (salicylates, NSAIDs, warfarin, heparin, dipyridamole, ticlopidine, thrombolytics)
® Congenital (hemophilia A and B, von Willebrand’s disease, inherited platelet disorders)

® Hereditary hemorrhagic telangiectasia (Osler-Weber—Rendu syndrome)

Disease-mediated

Hypertension and atherosclerotic cardiovascular disease

Blood dyscrasias (ITP, polycythemia vera, granulocytosis)

Thrombocytopenia (drug-induced, chemotherapy, ITP, malignancy)

Vitamin deficiency (scurvy, folic acid, vitamin K)

Hepatic disease (alcoholism, hepatitis)

Renal disease (chronic nephritis, uremia, diabetes mellitus)

Disseminated intravascular coagulation, hypoprothrombinemia, hypofibrinogenemia
ther

Idiopathic (habitual, familial)

Migraine headache

Internal carotid artery aneurysm

Blood transfusion reactions

Endometriosis

CHF: cong