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Foreword

Although Emergency Medicine is a comparatively young
specialty, it already boasts a good number of textbooks,
many of which are quite good. There is a real place for
the book you are holding, however, not merely because
its editors are outstanding educators, or because it’s par-
ticularly well written, or because it pays careful attention
to details (although all of these are true). An Introduction
to Clinical Emergency Medicine, 2nd edition, is a valuable
tool for the right reader because it is addressed to a spe-
cific audience, and because of its extremely appropriate
complaint-based approach. Before we think more about
these two important characteristics, however, we need to
reflect a little about the specialty of EM itself.

Some medical specialties are the product of a particu-
lar and circumscribed body of knowledge. Endocrinology,
for example, came into being when new and complex
information about human hormones began to be known,
leading to a more and more complex understanding of
metabolic processes and diseases; some patient problems
required a degree of sophistication beyond the scope of
generalist practitioners. The same process undoubtedly
occurred for most or all of the medical sub-specialties,
diagnostic radiology, neurology ... and many others.
Most surgical specialties, on the other hand (as well as
some others, such as interventional radiology), focused
less on special knowledge than on special skills.

EM is somewhat unique, not merely because it com-
bines both particular knowledge and skills (many other
specialties do this as well), but because the set of skills
involved is for the most part not procedural, but rather
cognitive. EM is quintessentially a diagnostic specialty,
with undifferentiated disease presentation at its core, and
the skills required of an EM specialist involve the abil-
ity to make crucial (sometimes even “life and death”)
decisions in the face of a number of rather extraordinary
stresses. An emergency physician not only has to establish
priorities rapidly in any given patient, she has to do the
same among a large group of patients. She doesn’t have
the luxury of undertaking an orderly process comprised
of history, then exam, then review of records, then labs or
other work-up — as we were all taught in medical school
— but often has to act entirely out of order, based on brief
interactions and rapid assessment, without time to gather
much of the information that could be helpful. And she’s
got to do this with a patient she’s never met before, who is
likely in pain, or anxious, or confused, or intoxicated, and
who furthermore has never met this doctor before either,
and so has no reason to trust her competence. Finally,
these crucial decisions have to be made, and acted upon,
quickly ... knowing that other (potentially unstable)
patients are waiting!

Learning to be an expert in Emergency Medicine is no
easy trick, and — as with any specialty — it is best accom-
plished through a combination of training and experience.
Residency training takes years, and achieving “mastery”

of EM (to the extent that is ever truly possibly) requires
as well the ongoing experience that comes from caring
for many patients; if my own learning trajectory is any
indication, the end of residency is merely the beginning
of one’s growth, and one continues to get better at this job
for many years.

AnlIntroductiontoClinical Emergency Medicineis designed
primarily for learners at or near the start of a career in
EM, and is tailored to such learners in a developmentally
appropriate way — because it stresses how to think as an
emergency physician. Recognizing that the vast majority
of our patients present with undifferentiated complaints,
this book is organized around an approach to symptoms
(rather than diseases). The actual EM approach to diag-
nostic decision-making is far more complicated than the
trendy “worst first” (rule out life threats) approach often
cited; while we surely must keep this important consid-
eration in mind, we also need to address a combination
of disease likelihood, the potential to intervene in a way that
matters, and an estimate of those circumstances in which
delays in intervention would limit effectiveness. EM also
emphasizes (in a way that is different from most other
specialties, if not completely unique) the importance of
treating acute symptoms (relieving suffering), in addition
to the above concerns about identifying and addressing
possible threats to life and limb.

While no book can replace the incremental learning
obtained during a residency (and afterward), a good
book can certainly help. Most books attempt to do so by
trying to transmit knowledge; An Introduction to Clinical
Emergency Medicine also tries to transmit cognitive skills,
by focusing on the EM approach to evaluation. Like its
first edition, this book is organized around specific com-
plaints (symptoms), and stresses a standardized approach.
This both makes for excellent readability, and keeps the
focus on residents and senior students who are rapidly
developing EM skills. This 2nd edition adds a critically
important new element — the “red flag” approach that
is the hallmark of how many expert EPs think about
patients. For any and every patient presentation (“dizzi-
ness,” headache, low back pain, shortness of breath, etc.),
there are a host of possible etiologies that range from
trivial to life-threatening, and from likely to remote. As
noted earlier, an organized approach in EM concentrates
on identifying (or in many cases, excluding) those that not
only have potentially important consequences, but are
also reasonably probable for the given presentation, and
are amenable to treatment that can actually limit such
adverse consequences, and require such treatment acutely
if that benefit is to be achieved. Every EP should be able
to call to mind the range of diagnoses that meet such cri-
teria, for any given presentation. But that is not enough
—because knowing why it is important to diagnose a sen-
tinel subarachnoid bleed is not of much use unless one
also knows under what circumstances it must be seriously
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considered and investigated (as in a headache that starts
suddenly and is maximal at onset), and just importantly
when it shouldn’t be worked up (as in the average unilat-
eral headache of gradual onset and progressive severity).
An EP who orders an MRI for most patients with back
pain will cause far more harm than good, but one who
omits the MRI because he failed to ask about symptoms
of cauda equina syndrome, or didn’t look at the needle
tracks underneath a patient’s sleeve, is of course equally
dangerous. An expert EP needs to consider PE in a patient
who is suddenly short of breath in the setting of active
cancer, but the EP who routinely orders a CT angiogram
in patients with dyspnea is not an expert.

For every patient presentation, there are characteristics
from the history and physical examination whose pres-
ence raises the likelihood of “do not miss” etiologies, and
whose absence makes them much less likely. The expert
EP will learn to organize his thinking not merely around

such etiologies, but also around the findings that raise or
lower the stakes. Most medical schools teach students to
do a “complete” exam and take a “thorough” history. EM
residencies, on the other hand, teach a “focused” work-up
... but they also need to teach why one should ask a given
question, because the answer (one way or the other) can
and should decide your next step. Red flag questions are
the most important ones we ask and this book can be an
excellent tool to help learners understand when and why
to ask them ... and what to do with the answers.
Happy reading ... and happy learning.

Jerome R. Hoffman, MA, MD
Professor of Emergency Medicine,
USC School of Medicine
Professor of Medicine Emeritus,
UCLA School of Medicine
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Foreword to the 1st edition

Emergency Medicine represents the unique combination
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 sta-
bilization based on anticipation supersedes lengthy dif-
ferentials and diagnostic precision.

In light of these unique aspects and attributes of clini-
cal practice, one would expect the textbook-based litera-
ture 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 thirty
years. It is true that sequential prose does not accurately
represent the parallel processing necessary to practice
effective and efficient Emergency Medicine. Still, it would
seem the ideas of priority diagnoses, stabilization, initial
assessment, prioritized differential diagnosis, and the
rest that follows could be delineated 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, S.V. Mahadevan,
MD and Gus M. Garmel, MD from one of the nation’s pre-
mier academic institutions and leading health care organ-
izations, fulfills what I have longed 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 appropri-
ately “presenting complaint-oriented,” with a thorough
coverage of the chief complaints responsible for the major-
ity of emergency department visits. Each chapter is struc-
tured 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 conclu-
sion 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 generation of
emergency physicians trained in the specialty. These
authors clearly understand Emergency Medicine’s unique
principles.

It is a rare gift to witness and participate in the passing
of our unique specialties” visions onto the capable hands
of those you've had the opportunity to train and know.
Because of this textbook’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 conveying 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 subsequent 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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Preface

Building on the strengths of its award-winning pred-
ecessor, the second edition of An Introduction to Clinical
Emergency Medicine is a must-have resource for individu-
als training and practicing in this challenging field. This
unique text addresses a wide range of clinical topics essen-
tial to the practice of emergency medicine. Guided by
the patient’s presenting complaint, this text emphasizes
a methodical approach to patient evaluation, manage-
ment and problem solving in the Emergency Department.
Unlike other textbooks that elaborate on known diagnoses,
this extraordinary book approaches clinical problems as
clinicians approach patients — without full knowledge of
the final diagnosis. This text effectively reveals how to
address patients with undifferentiated conditions, ask
the right questions, perform a directed physical examina-
tion, develop a logical differential diagnosis, and accu-
rately order and interpret laboratory and radiologic tests.
Current management and disposition strategies are pre-
sented, as well as a summary of pearls, pitfalls and myths
for each topic.

Fully revised and updated —including current advanced
life support guidelines — the second edition introduces
important new chapters on sepsis, bleeding, burns, patient
safety, alcohol-related and dental emergencies. The clini-
cally-focused appendix includes new sections on clinical
decision rules and focused emergency ultrasound, and
improved sections on common emergency procedures and
interpretation of emergency laboratory studies. Stunning
full-color chapters include high quality images (photo-
graphs, ECGs and radiologic studies), detailed illustrations
and practical tables. Each chapter in the second edition
now contains a critical section on ‘red flag’ warning signs
and symptoms, incorporating the heuristic approach used
by successful emergency clinicians.

Written and edited by experienced educators, research-
ers and clinicians, An Introduction to Clinical Emergency
Medicine, 2nd edition is certain to remain core reading for
medical students and residents, and serve as an impor-
tant resource for practicing emergency physicians, teach-
ing faculty, and other healthcare providers.
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1 Approach to the emergency patient

Gus M. Garmel, mD

The emergency department (ED) is an extremely chal-
lenging environment for patients, families, and medical
personnel. Many challenges result from the principles of
our practice: available and prepared at any time for any
patient with any complaint. Patients who come to the ED
are most often unfamiliar with us, yet we must immedi-
ately help them feel confident about our abilities. Patients
generally present to the ED during a time of great concern.
Their needs may be as straightforward as a note excusing
them from work or a prescription refill in the middle 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. In their own way, patients almost
always seek reassurance about something —is their child’s
fever dangerous, their headache cancer, or their abdomi-
nal pain appendicitis? Providing reassurance to patients,
parents and families whenever possible is a critical func-
tion of emergency physicians (EPs).

Qualities successful EPs exhibit include intelligence,
sensitivity, humility, insight, proficiency in making deci-
sions with and acting on limited information, and the
ability to multi-task. Working well with individuals of
different backgrounds and ethnicities while at all times
strongly advocating for patients are essential qualities.
EPs must also be skilled at leadership, negotiation and
conflict resolution. They must be exceptional commu-
nicators. In addition to these traits, EPs must be experts
in both medical and trauma resuscitation of adults and
children.

The majority of patients use the ED infrequently. Many
are experiencing this setting for the first time. Because
patients lack familiarity with this environment, they may
have expectations that go unmet. Their fear, stress, wait-
ing time, lack of privacy and discomfort that brought
them to the ED can negatively impact their experience.
These are only some of the issues that patients contend
with in the ED.

EPs confront numerous challenges when taking care
of patients presenting to the ED. Perhaps the greatest
challenge is the extensive disease spectrum that EPs
must be familiar with. Rather than having to know only
the first few minutes (or hours) of an illness, EPs must
be familiar with all stages of all illnesses, often pre-
senting in atypical fashion. As boarding times increase
and observation units become more common, patients
remain under an EP’s care for longer periods of time.
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” medical records chal-
lenge EPs daily. EPs must rapidly and simultaneously
evaluate, diagnose and treat multiple patients with
multiple conditions, often with limited information, and
not confuse subtle nuances between patients. They must

be prepared to act and react to prevent morbidity and,
when possible, mortality. EPs must maintain a healthy
skepticism towards patient’s answers to common ques-
tions. Considering worst-case scenarios is fundamental
to emergency medicine (EM) practice. Most importantly,
EPs must be comfortable providing detailed, often
devastating information using clear, understandable
language to patients and family members with differ-
ent educational or cultural backgrounds. All this must
be done under time constraints, while demonstrating
empathy and compassion.

Itis indeed a privilege to care for patients during their
time of greatest need or when they lack other options.
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 consult
EPs seeking approval to leave an abusive spouse, for an
opinion regarding a physician’s recommendation for sur-
gery, or to confirm that they are making the right deci-
sion 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 a history and
presenting complaint consistent with esophageal reflux
may in fact have an acute coronary syndrome (ACS). A
patient presenting with insomnia may have an underly-
ing concern about his or her safety, security, or mental
wellness. The ability of an EP to evaluate each patient
using history-taking and physical examination abilities,
as well as selecting appropriate laboratory or imaging
studies (when necessary), is only a portion of our skill
set. An experienced EP’s “sixth sense” is something that
has become recognized and respected by non-EM col-
leagues.

Unfortunately, the ED is not always conducive to
privacy. Despite the Health Insurance Portability and
Accountability Act (HIPAA) of 1996 and Protected Health
Information (PHI) for patients, attempts to maintain
patient confidentiality in the ED present a continuous
challenge. Discussions about patient care issues between
health care providers, staff, patients and family mem-
bers 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 leader-
ship role that EPs have in the ED affords them the oppor-
tunity to demonstrate respect for patient confidentiality
and to remind others of the importance of upholding this
principle.

Principles of Emergency Medicine 3

juaned Aouabiawa ay} 01 yoeoaddy



juaned Aouabiawa ay) 0} yoeoaddy

Within the last decade, there has been tremendous
and appropriate attention placed on medical error and
patient safety in hospitals. Human error may occur at
any time, but is more likely during high patient vol-
umes or when multiple complicated patients of high
acuity present simultaneously. These situations are
common in EDs around the world. Human error has
been demonstrated to occur more frequently when pro-
vider fatigue is greatest (e.g., at the end of a challenging
shift or after being awake all night). Systems errors are
even more likely to occur during these circumstances.
The airline industry has served as a model for reducing
errors and improving patient safety in medical practice,
especially in the ED. Airline pilots, however, are not
required to fly more than one plane at the same time,
while simultaneously taking off, landing, and changing
course. The EM community should embrace the federal
government’s attention to medical systems and its role
in medical error, as patient safety must always be a top
priority. Hospital quality committees review errors of
omission and commission, medication errors, errors in
patient registration, and errors of judgment. 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 hospi-
tal. Hospital administrators and regulators 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 typi-
cally have pending laboratory or radiography results, are
being observed for continued improvement or worsening
in their condition, or are waiting for consultants. The EP
who initially evaluated these patients should determine
the treatment and disposition plans to the greatest extent
possible, based on anticipated outcomes. However, some
signed-over patients may not have well-established dis-
positions and may benefit from a new EP’s perspective.
In such cases, it is better to inform the receiving EP that
a clear understanding about what is going on with that
patient does not exist than leave things vague. As long as
patients present to EDs at any time, patients signed over
at shift’s end will continue to challenge our ability to pro-
vide safe care within our practice. Many hospitals now
have regulations in place regarding this aspect of emer-
gency care.

Scope of the problem

A landmark article by Schneider, et al. in the EM litera-
ture defines our specialty as one “...with the principle
mission of evaluating, managing, treating and prevent-
ing unexpected illness and injury.” As emergency medi-
cal care is an essential component of a comprehensive
health care delivery system, it must be available 24 hours
a day. EPs provide rapid assessment and treatment of
any patient with a medical emergency. In addition, they

are responsible for the initial assessment and care of any
medical condition that a patient believes requires urgent
attention. Patients may believe they require urgent atten-
tion when in fact they do not. It remains our mission to
provide quality medical care and reassurance to patients
even under this circumstance. EPs also provide medi-
cal support for individuals who lack access to other care
opportunities. As the number of uninsured and underin-
sured persons in the United States increases, and growing
numbers of health clinics close, many of these individu-
als will use the ED for their primary as well as emer-
gency care. This has placed a tremendous burden on the
safety net provided by the specialty of EM. It is unclear
exactly how governmental health care reform will impact
EDs, patient volumes, and overall physician and patient
satisfaction.

According to the Centers for Disease Control and
Prevention (CDC), which publishes the National Hospital
Ambulatory Medical Care Survey (NHAMCS), there
were 119.2 million ED visits in 2006; 18.4 million of these
patients arrived by ambulance. This is an increase of over
11 million visits from 2000. Patients were admitted to the
hospital in 12.8% of ED visits. The ED was the portal of
admission for slightly over 50% of all non-obstetric admis-
sions in the United States in 2006, an increase from 36% in
1996. In California, patients visiting EDs were sicker than
ever before, with an increase in critical emergency care
visits by 59% between 1990 and 1999. In 2000, there were
slightly more than 4,000 EDs, yet this number continues
to decrease as hospitals and trauma centers close. A 2008
workforce study by Ginde, et al. reported that despite
nearly 40,000 clinically active EPs, this was not adequate
to treat the growing number of people who visit EDs each
year. Despite an increased number of certified residency
training programs producing board-prepared EPs, and
the increase in EPs from less than 32,000 in 1999, there
remains a critical shortage of capable EPs, especially in
the rural and central United States. The number of nurse
practitioners and physician assistants trained to work
in emergency care settings has increased in response to
this shortage as well as administrative and financial pres-
sures, and many hospitals staff urgent care and fast-track
areas with these practitioners. With decreased funding
available for non-ED clinics, and increasing numbers of
uninsured patients using the ED as their primary (or only)
source of health care, the worsening of ED overcrowding
is inevitable.

Hamilton described the clinical practice of EM as
one that “...encompasses the initial evaluation, treat-
ment, 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
expeditious 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 prepared 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 model can predict the exact number of medical staff
needed to care for even one emergency patient. Clearly,
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staffing an ED to be fully operational is an expensive
proposition given this scenario.

Clinical scope of the problem

Table 1.1 provides the 10 most common reasons that
patients visit an ED, according to a recent 2006 national
survey. Of all ED visits, over 35% were for an injury.
Lacerations of an upper extremity were number 11; lac-
erations in the aggregate therefore did not make this list
because of the manner in which they were categorized
and recorded. These data show remarkable consistency in
numbers and rank from survey to survey.

Table 1.1 Top 10 reasons for an ED visit

. Abdominal pain (8,057,000)

. Chest pain (6,392,000)

. Fever (4,485,000)

. Headache (3,354,000)

. Back symptoms (3,304,000)

. Shortness of breath (3,307,000)

. Cough (2,956,000)

. Vomiting (2,635,000)

. Pain, site not referable to a specific body system
(2,512,000)

10. Throat symptoms (2,278,000)

OCONOOGHA,WN =

From the 2006 National Hospital Ambulatory Medical Care
Survey, Centers for Disease Control and Prevention.

In fact, patients come to the ED as a result of only a few
general categories of problems or complaints. These may
be grouped as follows, listed in decreasing frequency.

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, urination,
swallowing, concentration, speaking, balance, coordina-
tion, ambulation, or sensation. Difficulty controlling sei-
zure activity would also fall into this broad category.

Fever

Fever is common in children and of great concern to par-
ents. It can be a presenting complaint in adults as well.
Conditions causing fever include viral or bacterial infec-
tions, such as upper respiratory infection (URI), gastroen-
teritis, otitis media, urinary tract infection (UTI), cellulitis,
pneumonia, and bronchitis. Surgical conditions (such as
appendicitis, cholecystitis, atelectasis, and postoperative
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 associated symptoms. Examples include lacerations,
vaginal bleeding (with or without pregnancy), gastroin-
testinal (GI) bleeding, epistaxis, and hematologic illnesses
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 prob-
lems, homelessness, hunger, or concerns of family mem-
bers that something might be wrong.

In EM, it is essential that care is coordinated. This means
that EPs should seek assistance in providing patient care,
relying on more than just the patient to assess the situ-
ation. Family members often provide additional infor-
mation about illness progression that patients fail to
recognize or neglect to share. Prehospital care provid-
ers often have useful information about the patient’s
living situation and whether or not it is appropriate.
Psychosocial aspects of each patient must be considered
when interpreting presenting complaints and determin-
ing 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 opti-
mal outcome, as he or she may overlook a combination
of etiologies causing the problem. When the care of a
particular patient is beyond the scope of EM practice,
the EP must make certain that the “proper” consultants
and the appropriate teams are involved. Social services,
discharge planners, patient care coordinators, and, if nec-
essary, behavioral health or chemical dependency special-
ists may need to be included. EPs must identify whom to
turn to in order to ensure and maximize beneficence and
patient benefit. EPs often coordinate patient care behind
the scenes, which takes time and effort, yet they rarely
receive recognition for this.

Anatomic essentials

Anatomic essentials for any patient presenting to the
ED are covered in detail throughout the text. Airway,
Breathing, Circulation, Disability, and Exposure
(ABCDE) are crucial to the initial evaluation and man-
agement of patients with emergent or urgent conditions.
This may be true for conditions that do not seem emer-
gent 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
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also for protection against aspiration. It may be used for
the administration of certain medications. With condi-
tions causing increased intracranial pressure (ICP), air-
way management with modest hyperventilation results
in cerebral vasoconstriction, one aspect of therapy.
Breathing depends not only on the lungs, but also on
the thoracic cavity, respiratory musculature, and cen-
tral nervous system (CNS). Circulation may be compro-
mised as a result of hemorrhage, dehydration, vascular
catastrophe, cardiovascular collapse, or vasoconstriction
or vasodilatation in response to shock. Evaluating dis-
ability includes a focused neurologic exam, including an
assessment of the level of consciousness (LOC), mental
status, and evaluation of motor, sensory, reflexes, cranial
nerves, and cerebellar function. A thorough understand-
ing of the neurovascular supply to extremities, espe-
cially following traumatic lacerations or injuries, helps
identify limb threats or potential morbidity. Knowledge
of dermatomes is also helpful when assessing neuro-
logic symptoms. The Alertness, Verbal response, Pain
response, Unresponsive (AVPU) scale and the Glasgow
Coma Scale (GCS) are two tools that can be recorded to
describe the general neurologic status of a patient, as
well as follow neurologic status over time. The National
Institutes of Health Stroke Scale (NIHSS) is used for
patients with cerebral vascular accidents (CVA). Several
scores have been validated to predict stroke risk in
patients with transient ischemic attacks (TIA); the
ABCD2 score (Age, Blood pressure [BP], Clinical features,
Duration, Diabetes) is preferred. Exposure is essential so
injuries are not missed, as well as to consider possible
environmental elements contributing 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 history should focus on the cur-
rent problem(s), allowing 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 situation,
history and physical examination information must be
obtained concurrently. EPs are forced to rely on clinical
assessment and impression, and utilize important diag-
nostic studies during their decision making. Studies that
assist in establishing a final diagnosis, such as an elec-
trocardiogram (ECG), glucose, urine dipstick, and other
point-of-care (bedside) tests, can be obtained while gath-
ering historical data. Despite this, establishing a final
diagnosis is not always possible during the course of the
patient’s evaluation in the ED. Fortunately, having a final
diagnosis is not always necessary, as an appropriate dis-
position with follow-up evaluation and tests during hos-
pitalization or as an outpatient may be of much greater
importance.

When approaching any emergency patient, provid-
ers should offer a brief introduction using the appro-
priate prefix (doctor or medical student) and relevant
background information, such as their current level and
specialty of training. A gentle yet professional touch,
such as a handshake or touch of the wrist, is generally
favorably received. 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 towering over a patient, but demon-
strates that you are interested in what he or she has to
say, and plan 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 interaction. After sitting
down, listen to what the patient has to say. Physicians
interrupt their patients early and often, with EPs being
some of the biggest offenders. Look patients in the eye
so they know you are present, listening and care about
their concerns. If you take notes during the interview, do
so following a short period of good eye contact. If these
notes are done on a computer, remember not to “hide”
behind the computer screen. Demonstrate respect for a
patient’s well-being and privacy by offering a pillow
or blanket, adjusting their bed, assisting with covering
their body, or providing water (if appropriate). These
kind gestures are easy to do yet greatly appreciated, and
can be done in a few seconds at the start of each patient
interaction.

When possible, use open-ended questions to elicit his-
torical information about a patient’s condition. This allows
patients to describe their concerns using their own terms.
Certainly, some questions require yes or no answers (“Do
you have diabetes?”). There will be times when directed
questions 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 of
their visit in a relatively short time.

The P-Q-R-S-T mnemonic assists with gathering impor-
tant historical elements of a presenting complaint from a
patient. Using pain as an example, questions relating to
the history of a painful condition include those shown in
Table 1.2.

Table 1.2 P-Q-R-S-T mnemonic for history of a painful condition

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

Q s for 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 your 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, a happy—sad faces scale, or the
terms mild, moderate, or severe.

T s for timing/temporal relationships associated with the
pain. Questions include “When did the pain start?”; “How
long did the pain last?”; and “What were you doing when
the pain started (eating, exercising, watching television,
going to bed)?”
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Additional important historical information 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 s for allergies to medications, food, latex, seasonal
allergens, or other things.

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

P s 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 iliness, the role of emergency medical
services (EMS) during transport (interventions, response,
complications), and any environmental influences on the
presentation (heat, cold, water, fire, altitude, rave or other
party).

Information regarding a patient’s family and social
history should also be reviewed. Family members with
similar illnesses or conditions are important to identify.
Examples include a strong family history of cardiac or
thromboembolic disease, appendicitis, gallbladder dis-
ease, bleeding disorders, or cancer. Social history includes
the patient’s living situation; marital status; use or abuse
of tobacco, alcohol, and/or drugs; occupation; and hand-
edness (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?

How would you describe your pain?

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?

Does anything make the pain better or worse?
Have you had this pain before?

Have any family members had pain similar to this?
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 cor-
rect if one disease can be used to explain the entire con-
stellation of associated symptoms. This provides a more

likely explanation than the coincidence of more than
one disease being responsible for a patient’s illness.
Additional caution is needed when evaluating patients
at the extremes of age (newborn and elderly), as the
likelihood of serious infection and comorbid or coexist-
ing conditions is greatly increased. This is also true for
immune-compromised patients and others without phys-
iologic reserve (morbidly obese, postoperative, malnour-
ished, diabetic, steroid-dependent, or often those with
mental illness). Some key associated symptoms are listed
in Table 1.4. Warning signs in the history 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, infertility,
sexual history, sexually transmitted infections (STI), vaginal
discharge or bleeding, dyspareunia, previous surgeries, recent
procedures, and other pelvic infections

Neurologic symptoms

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

Table 1.5 Ten warning signs in the history
. Sudden onset of symptoms (especially first time)
. Significant worsening of symptom(s) that had been stable

. True loss or alteration of consciousness

A W N =

. Cardiopulmonary symptoms (dyspnea, chest pain or
pressure)

(3}

. 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

10. Patient signed over at the end of a shift

Physical examination

The physical examination for emergency patients should
be complete to identify unexpected conditions, with spe-
cial focus on areas likely contributing to or responsible for
disease. Unfortunately, many EPs are challenged for time
and must act quickly, performing abbreviated physical

Principles of Emergency Medicine 7

aned Aouabiawa ay} 01 yoeoaddy



juaned Aouabiawa ay) 0} yoeoaddy

examinations while relying on laboratory and radiology
studies. In some circumstances, this may be necessary.
However, it is best to do a detailed, problem-pertinent
physical examination so that important findings are not
missed. In addition, concentrating on associated organ
systems that may have a role in the illness is recom-
mended. These areas may provide clues to the etiology of
the pain or illness. In fact, establishing a comprehensive
differential diagnosis for each complaint and examining
areas of the body that may contribute to it allow EPs to
prioritize the likelihood of other diagnoses causing the
symptoms.

As this chapter describes the approach to the emer-
gency patient, it addresses only general appearance, vital
signs, and general physical examination pearls. Other
chapters provide details for specific conditions or constel-
lation 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
hospitalized. This is one reason why EPs are concerned
about patients in the waiting room whom they have
not yet visualized. General appearance is particularly
important in the pediatric population, as social interac-
tion, alertness, playfulness, physical activity (including
strength of cry), respiratory effort and hydration status
(e.g., amount of tears) 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 gen-
eral appearance is less helpful to EPs at the extremes of
age makes caring for these patients more challenging.

Vital signs

Vital signs are important for all emergency patients.
A complete set of vital signs should be obtained and
repeated at least once during the emergency visit. Often,
the vital signs are obtained in triage and not repeated until
many hours later when patients are placed in examina-
tion rooms. Many EDs have policies that vital signs must
be repeated at certain intervals on patients in the wait-
ing room. Though this is a wise strategy, abnormal vital
signs may not require action, and normal vital signs may
accompany serious illness. EPs should at the very least
review one complete set of appropriate vital signs on every
patient and address each abnormal 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 respi-
ratory and heart rates in patients with difficulty breathing,
or the temperature of a child who experienced a febrile
seizure. It is of far greater importance to recheck the tem-
perature of a previously afebrile patient with a possible
surgical condition or serious bacterial infection (SBI) than
a febrile child’s temperature following acetaminophen or

ibuprofen if they are now well-appearing, playful, and at
low risk for a febrile seizure. Orthostatic vital signs (heart
rate and blood pressure 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. It is good practice to
recheck a patient’s vital signs prior to discharge. Table 1.6
provides a list of vital signs to consider in the ED.

Table 1.6 Sixteen vital signs to consider in the ED

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

2. Temperature (rectal temperature should be considered
in newborns or infants, 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. Blood pressure (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)
from 3—15, or other methods that measure LOC or mental
status, such as AVPU or mini-mental status examination

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

11. ETCO, (to identify ventilatory status, especially for all
intubated patients and during procedural sedation)

12. Fetal heart tones (for pregnant patients)

13. Peak flow (for asthmatic patients or those with difficulty
breathing)

14. Bedside pulse CO-oximetry (when carbon monoxide
exposure is suspected)

15. 0P (for suspected glaucoma)

16. Compartment pressure (for patients with suspected
compartment syndrome and vascular compromise)

AVPU: alertness, verbal response, pain response,
unresponsive; BP: blood pressure; ETCO,: end-tidal
carbon dioxide; GCS: Glasgow Coma Scale; LOC: level of
consciousness; IOP: intraocular pressure.

Pearls specific to the physical
examination

Be professional

A professional greeting and introduction should evoke
warmth and kindness. Patients want to know that the
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EP they “have” (they did not “choose”) is consider-
ate, 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 wash their hands when entering each patient
room, preferably so that patients can witness this. They
should wear clean and appropriate physician clothing;
be polite, well-mannered and well-groomed; and appear
well-rested. A current hospital ID badge with name and
photograph should be prominently displayed. A health
care provider should never bring food or beverages into
the examination room.

Go slowly

Try not to rush patients, or seem rushed to them, 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 com-
fort. If you are using gloves, let patients know 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 areas,
such as the genitalia, rectum and breasts. Let patients
know that this is your standard practice and you are
doing it for their benefit (even if you are doing this to
protect yourself). Having translators or family members
present (when appropriate) also makes patients more
comfortable.

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, attempt to distract
patients while examining a painful area. This is especially
true for pediatric patients.

Be sensitive

Make patients aware that your focus is on them during
your examination, not on other patients with other prob-
lems. Furthermore, let patients briefly know what you
find immediately following each phase of the examina-
tion. 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 immediately
after auscultation. If patients have abnormal findings,
they may be aware of these from a previous physician’s
examination. If they were unaware of this finding, avoid
accusing their physician of missing something. When
appropriate, promptly tell them that it is not danger-
ous 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,
especially when you identify a heart murmur that they
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 or bruises might imply intimate
partner violence. If it is relevant to the presenting complaint,
expose the patient’s skin during the examination of the body
region. Rashes may be present that identify life-threatening
infectious diseases or may eliminate the need for further
diagnostic studies (e.g., meningococcemia or herpes zoster).
Always examine the joints above and below an injured area,
as injuries may coexist due to transmitted forces. Remove all
constricting 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 is valuable
in terms of patient safety and preventing damage to an item
that may require removal later. Make sure that any removed
item is given to the patient or a family member.

Be thoughtful

Use language that patients and family members under-
stand. 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 comfortable asking for their meaning. For exam-
ple, despite the common use of the abbreviation “MI” for
myocardial infarction, many people do not know what this
means. You may tell a patient that he had an MI, only to be
asked later if he suffered a heart attack. In children, involve
parents with the examination, such as looking in a par-
ent’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
examination by asking which ear they prefer be examined
first. Recognize that hospital gowns are not flattering; it is
thoughtful to assist a patient by offering to tie his or her
gown, especially if they are getting up from their gurney.

Be efficient

An entire physical examination does not need to be done
on every patient. For example, funduscopy does not need
to be performed on a patient presenting with an ankle
injury. Furthermore, examining patients starting with the
position they are in rather than the traditional head-to-toe
method saves time. For example, if the patient is supine,
consider examining their abdomen before their lungs.

Differential diagnosis

Following a thorough history and physical examination
with careful review of the vital signs, a differential diag-
nosis should be established. This differential diagnosis
should be as comprehensive as possible, as it suggests
which diagnostic tests should be obtained, and in which
order. This differential diagnosis also establishes which
therapeutic approaches should be initiated, if they have
not already begun.
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Diagnostic testing

Diagnostic testing in the ED is performed to identify
(“rule in”) or exclude (“rule out”) conditions responsible
for the patient’s symptoms. As such, it is imperative that
EPs have a notion of pretest probability, including disease
incidence and prevalence, and the sensitivity, specificity,
positive and negative predictive values, and accuracy of
the tests they are ordering. It is also helpful to be familiar
with likelihood and odds ratios.

Laboratory studies

Because of the time pressures for patient dispositions,
many tests now can be performed at the bedside to
decrease the turnaround time for results. Classic examples
of point-of-care testing are the bedside (fingerstick) glucose
and urine dipstick or pregnancy (hCG) tests. Numerous
implications of this rising technology’s role in EM have
been studied. Extensive research using new bedside tests
for 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 or further
testing. The role of nuclear medicine testing has increased
tremendously in diagnostic cardiac evaluation from the
ED, perhaps in part due to its decreased role in the diag-
nostic evaluation of pulmonary embolism. Bedside ultra-
sonography is a test being utilized by EPs with increased
frequency to assist with patient diagnosis, treatment, and
disposition. As more EDs subscribe to these practices, and
more EPs gain skills in these areas, these tests will assume
an even greater role in the evaluation and treatment of
emergency patients. Unfortunately, government regu-
lations have removed some tests from the ED that were
previously performed there. Having these tests done in
a laboratory increases the time to receive results, if for no
other reason than sample transport time. The implica-
tions of increased laboratory and radiology turnaround
times are enormous given ED closures, lack of ED and
hospital bed availability, and increased patient volumes
in EDs across the United States.

Some tests are being ordered or performed by certified
nurses during the triage process, where patients regis-
ter for evaluation and wait for EPs. These tests include
urine collection to screen for pregnancy, blood, or infec-
tion; ECGs to evaluate cardiac function; and radiographs.
Often nurses use protocols to order blood tests from the
triage area, and several high-volume EDs have EPs eval-
uating patients in the triage area to assist with patient
throughput. Research has developed rules that health
professionals may use to determine a patient’s need for
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 streamline care and reduce overall patient
time in the ED. Examples of some rules found in the lit-
erature 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 (see Appendix A). Depending on the situation,
nurses generally use extremity rules in their practice,
whereas physicians apply decision rules for C-spine and
head CT.

Electrocardiography

It is a good idea to review old ECGs whenever possible
and compare these with the new (current) ECG. This is
of particular importance in patients with abnormal con-
duction, 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 cannot be overemphasized in the setting
of ACS or chest pain possibly of cardiac etiology. ECGs
are invaluable in patients with acute ST-segment eleva-
tion MI (STEMI), as the decision to pursue thrombolysis
or percutaneous coronary intervention (PCI) is influenced
by the timing of the first diagnostic ECG. They also serve
as useful adjuncts in the evaluation of several toxic inges-
tions or presenting symptoms, such as weakness, dizzi-
ness, abdominal pain, back pain, confusion, or alterations
of mental status.

Radiologic studies

All physicians seem to rely on diagnostic imaging to a
greater extent than they did years ago. This has many
factors, including 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. Diagnostic
imaging (especially CT) has become a standard that
physicians must accept and that patients often demand.
Failure to order radiologic studies to identify certain
conditions may be indefensible, as these tests are sen-
sitive, specific, and readily available 24 hours a day in
nearly all EDs. The development of guidelines to help
determine which patients require X-rays has provided
physicians the ability to safely reduce the number
of radiographs ordered. Physicians and patients
should be cognizant of the implications of radiation
exposure.

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 available for their patients on
a 24-hour basis. Limited focused bedside sonography by
EPs can identify hemoperitoneum following abdominal
trauma, abdominal aortic aneurysm (AAA), gallblad-
der disease, cardiac tamponade, intrauterine (and pos-
sibly ectopic) pregnancy, DVT, foreign body or abscess,
ocular problems, and pneumothoraces, to name a few.
Ultrasound research by EPs is identifying additional
pathology important for emergency care. EPs first used
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bedside ultrasonography for the focused assessment with
sonography in trauma (FAST) exam. Tremendous suc-
cess with this limited use encouraged EPs to incorporate
ultrasound technology into other necessary areas of their
clinical practice. It is important for both EPs and radiolo-
gists to work collaboratively in this area, keeping patient
advocacy and safety and not financial matters the first
priority at all times.

General treatment principles

When evaluating and treating patients in 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 assessment takes less than 1 minute.
Risk stratification into “sick” or “not sick,” or “stable” or
“unstable” is part of this process. Attention to the ABCs
(airway, breathing, circulation) is critical, as is having
the correct personnel, equipment, and monitoring avail-
able. Much of this process occurs simultaneously, often
automatically, with more than one health care provider
involved. While nurses and techs measure vital signs,
connect patients to monitors, and start peripheral intrave-
nous (IV) catheters for blood draw and circulatory access,
physicians can intervene with airway management and
assess breathing and circulation. In trauma patients, the
mnemonic ABCDEFG is addressed in the primary and
secondary surveys (Table 1.7).

Table 1.7 ABCDEFG mnemonic for trauma patients

A Airway

Breathing

Circulation

Disability (neurologic)
Exposure

Foley (following inspection of the perineum and rectal
examination, provided contraindications absent)

G  Gastric decompression (provided contraindications
absent)

Mmoo W

Cervical spine immobilization and protection is part
of the primary survey. “F” also reminds us of the impor-
tance of family and friends. They may provide informa-
tion about the circumstances leading up to the present
condition, and should be kept updated as much as pos-
sible. When caring for pediatric patients, current litera-
ture demonstrates that family members’ presence during
resuscitation efforts or invasive procedures is extremely
important, 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, previ-
ous episodes, physician experience, or physician specu-
lation. In true emergencies, assessment and treatment

occur simultaneously. It may be necessary to determine
a patient’s resuscitation status in an instant. Attempts
should be made as quickly as possible to learn this infor-
mation from the patient, prehospital care providers, fam-
ily members, nursing home or skilled facilities. Advance
directives or durable powers of attorney may provide this
information. Having a system in place with electronic
medical records or a designated individual (social serv-
ices, ED tech, or nurse) to make calls may save precious
minutes. When in doubt, always do what is medically
indicated for the patient, rather than making assump-
tions 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 condition, it is good
practice to address issues of pain control as early as pos-
sible. 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.
Reassess patients after each intervention, whether follow-
ing intubation for airway control or the administration
of analgesia. Continued reassessment of all patients is
critical, particularly the sickest or those at greatest risk of
decompensating.

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 concerns, noises, and discom-
fort 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.
Additionally, long waits, uncertainty, and any unpleasant
interactions are rarely interpreted favorably by patients.
Respectful treatment, without discrimination or conde-
scension, should be integral to our approach towards all
patients.

The American College of Emergency Physicians
(ACEP) and other organizations have developed a
number of clinical policies by consensus in an attempt to
improve patient care and reduce medical 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 were established using research and
opinion, and are excellent resources. This is especially
true for policies addressing complex conditions or those
with unclear or rapidly changing diagnostic and treat-
ment approaches. These policies are generally available
atno charge. Many similar treatment guidelines are avail-
able 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
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prevention, diet and exercise, this portion of the popu-
lation will continue to grow at a tremendous rate. The
majority of medical care expenses are spent on the geriat-
ric population during their last few years of life. Geriatric
patients are at risk for falls, functional decline, and
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 eld-
erly individuals depend on EDs for their overall health
care, if they get 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 and benefit from social services if dis-
charged. The best solution is to integrate social services
into the care of all geriatric patients. EPs should consider
why social services should nof be asked to see an elderly
patient in the ED, as home safety checks, access to meals,
transportation to medical appointments, social isolation,
depression, financial security, and feelings of being a bur-
den to family members can be addressed. 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 prefer 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 may present with confusion,
as might ACS or pneumonia. Many geriatric patients are
not able to mount a febrile response to sepsis or infec-
tions. In fact, geriatric patients are often hypothermic
when septic. As a result, rectal temperatures should be
frequently measured in this population. Geriatric patients
commonly use over-the-counter medications; on aver-
age, elderly patients take five prescription medications
daily. Polypharmacy is a frequent concern, and there-
fore increases the likelihood of drug-drug interactions.
Primary providers are often unaware of all medications
their elderly patients take, as physician colleagues, con-
sultants, and urgent care providers may prescribe addi-
tional medications without sharing this information.
Prehospital personnel should be encouraged to bring all
medication bottles with patients to the ED so they can be
reviewed. This may help identify potential adverse drug
interactions, as well as prescriptions of the same medica-
tion (or class) with different names. Many drugs interact
with warfarin, a common prescription in the geriatric
population. Special ID bracelets should be provided to
and worn by elderly patients, with select medical condi-
tions, addresses, contacts, medications, and allergies. It
is common to see do-not-resuscitate orders included on
these bracelets.

Eyesight and hearing often fail in the geriatric popu-
lation. It is therefore important to check these and con-
sider outpatient referrals to optometry or audiometry.
Difficulties with eyesight may result in the inability to
read food labels or medication instructions, especially
insulin doses. Difficulty with vision in low light makes it
nearly impossible for elderly patients to reliably comment

on their stools turning darker (hematochezia or melena).
Decreased flexibility of the neck and spine makes it chal-
lenging for elderly patients to look in the toilet for changes
in their stool. Driving abilities may be impaired by vis-
ual difficulties or by arthritis (which makes it difficult
to change lanes), muscle power (required for defensive
maneuvers), fine motor control, coordination, or response
time (to avoid collisions). Driving is vital to their inde-
pendence, and many elderly are unwilling to relinquish
this activity.

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 financial issues are
of great concern, medications may not be taken regu-
larly or may be cut in half to decrease the cost. The same
goes for food — soups are inexpensive and easy to cook,
although many have high sodium content. A dietician or
nutritionist can discuss healthy eating habits with eld-
erly patients. Plans for assisted living or skilled facili-
ties 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 pro-
vider’s office. Postal carriers, apartment managers, or
neighbors are particularly important to the safety of the
elderly population who live alone, as they can check to
see that mail is picked up daily, make sure that the indi-
vidual 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 percentage of
patient visits to an ED, especially at night when pediat-
ric clinics are closed and parents are home from work.
Many EDs have separate patient care and waiting 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 the overall experi-
ence. Coloring books, stickers 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). EDs should have a resuscitation area and
equipment especially for children, with color-coded
equipment storage matching the colors on the Broselow
resuscitation tape. For computer-based medication order
systems, pediatric weight-based dosing may help reduce
medication error.

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 parents. Physical, emotional, and sex-
ual abuse or neglect should be considered in all pediatric
visits, especially cases of traumatic injury, genitourinary
complaints, or failure to thrive. At times, it may be neces-
sary to have a discussion with a verbal pediatric patient
without a parent present. If this situation is necessary, it
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is advisable to have a second health care professional,
preferably of the same gender as the child, 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 ventriculoperitoneal
(VP) shunts, leukemia, cancer, cardiac or lung disease,
transplants, seizure disorders, or other specialized con-
ditions are generally closely followed by their pediatri-
cians or pediatric specialists. These individuals should
be included in or informed of care decisions as early and
as much as possible. As younger pediatric patients are
at risk for SBI and have less reserve than older children
or adults, next day follow-up of patients and cultures (if
obtained) should be encouraged according to hospital
practices, as patients in this age group can worsen rap-
idly or unexpectedly.

Drug-seekers

The practice of EM attracts a unique set of patients who
use and abuse the ED. Patients who seek drugs, whether
they are drug-addicted, drug-dependent, or in con-
stant pain, are common patients seen after clinic hours
or when primary physicians are unavailable. Some of
these patients simply have decreased abilities to tolerate
pain. Many hospitals and EDs have policies about pro-
viding narcotic medication to drug-seeking patients, or
patients who have abused the system. It is far easier for
administrators to write policies for such patients than
for EPs to apply them in clinical practice. Whatever the
outcome, it is always best to be sensitive to a patient’s
condition and to treat patients with respect, whether or
not drugs are provided. There have been several situa-
tions in which denying narcotics to a patient demand-
ing them resulted in injury to or 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 Axis Il disorders, malingerers, manipulators,
litigious patients, and patients with behavioral problems
often use the ED for their health care. These individuals
may not have insurance, may not have access to clinics,
or may enjoy the attention given to them in the ED. These
patients are particularly challenging to the medical staff.
Federal law prohibits EDs from turning away patients
without first performing a medical screening examina-
tion (MSE) to evaluate for an emergency medical condi-
tion (EMC). At times, security personnel or the police are
required to control these challenging patients. In our role
as the physicians for health care’s safety net, EPs must
interact with these unique and challenging patients on a
regular basis given the ED’s open-door policy. An EP’s
goals are to be respectful and professional, set strict limits,

refer aggressively, and recognize other factors that may
influence their behavior. Conditions such as reflex sym-
pathetic dystrophy (RSD), fibromyalgia, postherpetic
neuralgia, claudication, osteomyelitis, abscess, or psy-
chosocial conditions such as abuse or depression may not
have been considered during prior visits.

Frequent flyers

Patients labeled as “frequent flyers” may or may not have
addiction to drugs and alcohol or psychiatric illnesses,
although they often do. However, isolation, homelessness,
hunger, boredom, mental illness, or searching for atten-
tion 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 necessary regard-
less of the number of visits. Abuse of the prehospital care
system is even more upsetting to many emergency medi-
cal personnel, as the number of available ambulances and
prehospital providers decreases when service is provided
to these individuals. However, it is always possible that
frequent flyers have or will have real illness. It is therefore
necessary to carefully focus the evaluation and minimize
testing, although studies are often performed despite
their high likelihood of being negative. Input from sup-
port staff and nursing personnel who have frequently
interacted with a particular individual may provide clues
of a subtle difference in presentation or behavior. The
use of derisive or condescending language to individu-
als who abuse the medical system is never acceptable.
Respectfully addressing 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 that are in place.

Police custody

Sadly, patients in police custody who need or desire
medical attention for evaluation and treatment have no
place to go other than the ED (occasionally, some urgent
care centers have contractual agreements for this). Often,
police bring patients to the ED for medical clearance. This
requires an EP to determine whether or not the patient’s
actions can be explained by a medical or psychiatric con-
dition. Patients often come to the ED in police custody
with injuries following an altercation, 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. This is especially
true given the increased use of TASER® technology. 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
performed and documented. Patients may be placed into
police custody from the ED if they are violent, abusive,
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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
to jail. 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, hypoglycemia, hypothermia or other medi-
cal conditions, thus mandating a thorough evaluation.
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, care-
ful observation until daylight hours, a meal if possible,
and careful plans for disposition, follow-up, and refer-
ral should be discussed with a non-intoxicated family
member or friend. Clearly, a close working relationship
between fire, police and emergency personnel is crucial
to our safety and success.

Violent patients

Unfortunately, patients may become violent while in the
ED. They may act aggressively towards staff or other
patients. This may be due to fear, problems with anger
management, psychiatric issues, alcohol and drugs,
or gang-related activities. Any patient who physically
(and in many cases, verbally) assaults medical person-
nel, another patient or family member, or staff must be
restrained and possibly arrested. Hospital security must
be notified immediately, as well as the police. Such behav-
ior must never be tolerated. Care must be taken to protect
visitors from patients who might cause harm. In addition,
caution must be exercised to prevent visitors from harm-
ing patients, as might occur in situations of abuse or gang
violence.

Many patients and visitors bring weapons to the ED,
having them on their person. Inadvertent discharge
of a firearm or accidental injury from a knife or other
sharp object necessitates extreme diligence of all health
care team members when moving or touching patients.
Many EDs have metal detectors and security person-
nel at their entrance, although weapons can still find
their way into the ED. It is recommended that medi-
cal personnel position themselves between the door
and the patient at all times so a patient can’t block
their exit. Staff should never place themselves in the
way of potential harm, despite how heroic this might
seem. Studies have demonstrated that helpful actions
include a calm appearance, non-threatening approach,
soothing voice, show of both hands (rather than hold-
ing them behind your back), and eye contact that is nei-
ther intense nor direct (somewhat askew is preferred).
When needed, a show of force with multiple large
individuals may de-escalate a potentially violent situ-
ation. The potential for workplace violence in the ED
must be recognized at all times. Chemical and physical
restraints are important components of protecting staff
and patients, but are not as easy to use as described
in the literature. Furthermore, these may not prevent
injury from occurring and may result in injury during
their application. Therefore, a well-rehearsed approach

to the violent patient is critical to help reduce the likeli-
hood of potential harm.

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
clearly stated. However, they are unlikely to appreciate
being told what to do, such as “this patient needs to go to
the operating room” (even when this is clearly needed).
On the other hand, depending on the culture of your
institution, this direction may be helpful and appreciated
for trauma or other critically ill patients. Every consulta-
tion 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 uncomfort-
able, even if a consultant recommends it. This is espe-
cially true if a consultant does not formally evaluate the
patient. Disagreements about the best plan of action for
patients are 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. Because EPs do not wish to send patients home
who, in their opinion, should not be discharged, conflict
may be inherent to this interaction. EPs must 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 assistance of social serv-
ices, admitting the patient to an observation unit (either in
the ED or the hospital), or recognizing that it may be safe
to send that particular patient home despite your initial
concerns. 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 and radiol-
ogy results, and treatment plan is uniformly appreciated.
This is also 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 physicians earns additional respect for
our specialty and is a fantastic way to let other physicians
know that we care about their (our) patients. If interested,
request follow-up from these physicians to learn about
longitudinal patient care outcomes.

Serial evaluation

Repeat evaluation of patients is an important aspect of
emergency care, as a patient’s condition may change over
time. Many presentations warrant repeat evaluation,
including head or traumatic injuries, seizures, hypoglyc-
emic episodes, abdominal pain, shortness of breath, and
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chest pain. Time 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 physicians
and nurses. Serial evaluation is necessary following
interventions, such as the administration of nitroglyc-
erin (NTG), analgesics, bronchodilators, or anxiolytics.
This is important not only to determine the patient’s
response to that intervention, as many interventions
are diagnostic as well as therapeutic, but also to deter-
mine whether additional or different interventions are
needed. Documentation of any response to therapy is
important, particularly because it records the patient’s
ED course. Repeat evaluations of patients after impor-
tant laboratory or X-ray results become available, and/
or before they are discharged is recommended, although
the extent of this reevaluation differs with each clinical
scenario.

Admission/discharge

The decision to admit or discharge a patient from the
ED is perhaps the most challenging aspect of EM prac-
tice. Multiple factors must be considered in this deci-
sion, including psychosocial, biological, medicolegal,
and, unfortunately, financial. When feasible, a patient’s
wishes should be included in this decision. With the
advent of more aggressive outpatient strategies, such
as low-molecular-weight heparin for DVT therapy and
longer-acting antibiotics with greater potency for many
infections, and research suggesting similar outcomes in
selected patients, many patients who were previously hos-
pitalized may now be safely treated as outpatients with
close follow-up. This greatly expands the role of EPs.

Since disposition strategies for certain conditions vary
between hospitals and admitting physicians, 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 the care of the patient to the admitting
physician immediately upon the patient’s arrival to the
floor. The nurses should be instructed to notify the admit-
ting physician 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 admitting physician has
the opportunity to evaluate them. In some hospitals, EPs
on duty are responsible to respond to in-hospital medical
emergencies. Hospital or ED policies should set guidelines
to define the circumstances under which the EP does and
does not respond to acute medical care situations within
the hospital. Similarly, hospital policies should address
acceptable time standards for admitting physicians to
evaluate their patients so they do not remain in the ED for
extended periods.

For patients being discharged, clear and legible dis-
charge instructions should encourage patients to return

if their symptoms worsen, change, or don’t improve. All
discharge instructions should include four categories of
instructions: (1) what to do, (2) what not to do, (3) when
(and 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 use alcohol, or don’t stop your antibiotics until com-
pleted or instructed by your physician. When (and where)
to follow-up for re-evaluation, and with whom, is benefi-
cial information for discharged patients. The time frame
for follow-up should directly relate to the certainty of
the diagnosis and the likelihood that the illness or injury
will degenerate to a critical condition. Close follow-up is
important for all patients with high-risk medical condi-
tions and comorbidity. The ideal situation is to schedule
a follow-up appointment for the patient at the time of his
or her discharge. Give the patient this follow-up physi-
cian’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, aller-
gic reactions to any medications, fever, vomiting, bleed-
ing, or any other concerns or fears. Preprinted discharge
instruction sheets are helpful if they are written in a lan-
guage and at a level that patients can understand. These
allow EPs to be more efficient. However, patients deserve
personalized instructions as well, as each patient is an
individual, not a disease or set of symptoms. It is best
when someone reviews these instructions with a patient
prior to discharge.

Assisting patients with filling their prescriptions at
discharge is important, although this does not necessarily
ensure compliance. If this is not possible, discharging
patients with a 1- or 2-day supply of medication is rea-
sonable. 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 respon-
sible adult who also understands the discharge instruc-
tions. 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 themselves upon returning home.
Staff should assist patients to their vehicle, by wheelchair
if necessary. 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 of this. They should not drive
until an appropriate physician and the proper authorities
approve this at a follow-up appointment. Transportation
home or to a shelter may be necessary, often paid for by
the ED or hospital. A clean or warm set of clothes or shoes
may be needed. If the hospital or ED budget does not pro-
vide for this, donations from the medical staff or other
sources should be solicited.
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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. An appropriate disposition,
such as admission to a monitored bed, intensive care
unit (ICU), operating room, skilled nursing facility
(SNF), or discharge home with close follow-up and
reasons to return is acceptable.

Not all is what it seems in EM; expect the unexpected,
or you won't identify it. Consider alternative
diagnoses and the possibility of lab error or false-
negative (or false-positive) test results if things

don’t make sense. Repeat tests if the original test
result doesn’t “fit” with what you expected. Be wary
about the wrong test results being placed in the
wrong patient’s chart, or a laboratory specimen or
radiograph being mislabeled, improperly marked, or
incorrectly collected.

Attempt to get the appropriate service or consultant
involved when necessary to improve patient
outcome. This is often required before all laboratory
or X-ray results have returned. Make every effort

to inform a patient’s primary care provider about
the circumstances leading to the ED visit, the care
provided, laboratory and X-ray results, and your
recommended follow-up plan.

People with psychiatric illness may have medical
illnesses too. Consider ingestions, cardiac, metabolic,
infectious, and CNS derangements as the cause

of a presenting complaint. This also holds true

for intoxicated patients (drugs or alcohol), as
concomitant brain injury or metabolic derangements
as an explanation for alterations of mental status or
behavior are “present until proven otherwise.”
Many elderly patients have uncommon presentations
for common conditions, such as ACS or sepsis.
Furthermore, polypharmacy and drug-drug
interactions should be considered, along with elder
abuse, neglect, depression, and suicidal gestures or
attempts. Consider the safety of an elderly patient
being discharged, and always remain his or her
advocate. Social services or safety checks on all elderly
patients presenting to the ED should be encouraged.
Never rush a patient out of the ED with a condition
that may recur, such as asthma, seizures, chest pain,
breathing difficulty, or alteration of consciousness
(following head trauma or intoxicants).

Be sensitive, sit with patients, make good eye contact,
and listen well for obvious as well as hidden issues.
Patients may wait to gain your trust before sharing
these concerns.

Review nursing and EMS notes on all patients.

Look for 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 cultural
barriers. Translators and family members may
not provide complete or accurate information,
details which you might have been able to elicit
if these barriers did not exist. This is especially
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 appropriate findings in the medical record
clearly, including repeat examinations, laboratory
results and radiograph interpretations, discussions
with consultants or primary care providers, and
discharge instructions. Documenting a consultant’s
name, service, time you spoke, and brief summary of
the conversation is prudent.

Consider dangerous outcomes or the worst-case
scenario in every patient. Minimize the likelihood of
these outcomes with appropriately focused histories,
physical examinations, laboratory and radiograph
ordering and interpretation, and disposition. Never
do something you are uncomfortable doing, even if a
consultant or colleague recommends it.

Enjoy the privilege of providing emergency care to
all patients and serving in the role of patient care
advocate.
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2 Airway management

S.V. Mahadevan, mp and Shannon Sovndal, Mmp

Scope of the problem

Airway management is arguably the single most impor-
tant skill taught to and possessed by emergency physi-
cians. Timely effective airway management can mean the
difference between life and death, and takes precedence
over all other clinical considerations with the sole excep-
tion of immediate defibrillation of the patient in ventricu-
lar fibrillation. It represents the “A” of the mnemonic ABC
(airway, breathing, circulation), and forms the foundation
for the resuscitation of critically ill and injured patients.
Airway management encompasses the assessment, estab-
lishment and protection of the airway in combination
with effective oxygenation and ventilation.

This chapter reviews airway anatomy and assess-
ment, approaches for noninvasive airway management,
and indications and techniques for definitive airway
management. The approach to the challenging patient
with a difficult or failed airway will also be explored, as
well as specialized devices, techniques and medications
employed in these formidable clinical situations.

Anatomic essentials

A clear understanding of airway anatomy is essential for
airway evaluation and management. The term airway

Nasal cavity

represents many structures and well-defined spaces.
Internally, the airway originates at the nasal and oral cavi-
ties (Figure 2.1). The nasal cavity extends from the nostrils
to the posterior nares or choanae. Resistance to airflow
through the nose is almost twice that of the mouth, explain-
ing why patients mouth-breathe when they require high
flow rates (e.g., with exercise). The nasopharynx extends
from the end of the nasal cavity to the level of the soft
palate. The tonsillar lymphoid structures are the principal
impediments to airflow through the nasopharynx.

The oral cavity is bounded by the teeth anteriorly, hard
and soft palate above, and tongue below. The oropharynx,
which communicates with the oral cavity and nasophar-
ynx, extends from the soft palate to the tip of the epiglot-
tis. The tongue is the principal source of obstruction in
the oropharynx. This obstruction results in part from
decreased muscle tone of the genioglossus muscle, which
contracts to move the tongue forward during inspiration
and dilate the pharynx.

The oropharynx continues as the [laryngopharynx
(hypopharynx), which extends from the epiglottis to the
upper border of the cricoid cartilage (at the level of the C6
vertebral body). The larynx, which lies between the laryn-
gopharynx and trachea, serves as an organ of phonation
and a valve to protect the lower airway from aspiration.
The larynx is made up of muscles, ligaments and carti-
lages, including the thyroid, cricoid, arytenoids, cornicu-
lates and epiglottis.

Nasopharynx
Oral cavity

Oropharynx
Epiglottis Vallecula

Laryngeal inlet

Laryngopharynx
Larynx

Glottis
Figure 2.1

Lateral view of airway anatomy. © Chris Gralapp.
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The flexible epiglottis, which originates from the hyoid
bone and base of the tongue, covers the glottis during swal-
lowing and provides protection from aspiration. During
laryngoscopy, the epiglottis is as an important landmark
for airway identification and laryngoscopic positioning
(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 wall. The laryngeal inlet is the opening to
the larynx bounded by the epiglottis, aryepiglottic folds, and
arytenoid cartilages. The glottis is the vocal apparatus includ-
ing the true and false vocal cords and the glottic opening.
The triangular fissure between these vocal cords is the glottic
opening, the narrowest segment of the larynx in adults.

(a)

(b)

Figure 2.2

Externally, clinicians should be familiar with key
anatomic landmarks, integral to the assessment and
management of the airway (Figure 2.3). The mentum
is the anterior aspect of the mandible, forming 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 thyroid notch. The
cricoid cartilage, lying inferior to the thyroid carti-
lage, forms a complete ring that provides structural
support to the lower airway. The cricothyroid mem-
brane lies between the thyroid and cricoid cartilage
and serves as an important site for surgical airway
management.

Glottis
Trachea

Epiglottis

~Vocal cords

Gilottis

(a) Position of laryngoscope blade when using a curved blade.
(b) Operator’s view of anatomy. © Chris Gralapp.
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Hyoid bone

Thyroid membrane
Thyroid notch

Laryngeal prominence

Thyroid cartilage

Cricothyroid membrane

Cricoid cartilage

Tracheal rings

Figure 2.3.

External airway anatomy. © Chris Gralapp.

Initial airway assessment

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

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

This is carefully achieved through inspection, ausculta-
tion and palpation.

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

The patient’s respiratory rate and pattern are impor-
tant. Bradypnea or tachypnea may be a sign of impending
respiratory compromise. Respiratory muscle fatigue may
result in the recruitment of accessory muscles of respira-
tion, clinically manifested as suprasternal, supraclavicular
or intercostal retractions. Look for a symmetrical rise and
fall of the chest. A 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 asso-
ciated with partial airway obstruction at the level of the
larynx (inspiratory stridor) or the trachea (expiratory stri-
dor). Snoring usually indicates partial airway obstruction
at the pharyngeal level, whereas hoarseness suggests a
laryngeal process. Aphonia in the conscious patient is an
extremely worrisome sign; being too short of breath to
speak is a sign of impending respiratory collapse.

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,
asymmetry or swelling that may herald impending airway

Thyroid gland

compromise. The palpation of subcutaneous air suggests a
direct airway injury and is cause for concern.

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 foreign material. Identify swell-
ing of the tongue or uvula, sites of bleeding, or other vis-
ible abnormalities of the oropharynx. The patient’s ability
to spontaneously swallow and handle secretions is an
important indicator of intact protective airway mecha-
nisms. In the unconscious patient, the absence of a gag
reflex has traditionally been associated with loss of pro-
tective airway reflexes.

Auscultation should demonstrate clear and equal
breath sounds. Diminished breath sounds suggest pneu-
mothorax, 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, drool-
ing, 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 out-
stretched arms — to augment accessory muscle function.

Noninvasive airway
management

Opening the airway

The first priority in airway control is ensuring airway pat-
ency for adequate oxygenation and ventilation. The con-
scious patient uses the musculature of the upper airway
to maintain patency and protective reflexes to protect
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against aspiration of foreign substances, gastric contents
or secretions. In the severely ill, compromised or uncon-
scious patient, these protective airway mechanisms may
be impaired or lost.

The most common cause of upper airway obstruction
in the unconscious patient is posterior displacement of
the tongue and epiglottis at the level of the pharynx and
larynx. This occlusion results directly from loss of sub-
mandibular muscle tone, which provides direct support
to the tongue and indirect support to the epiglottis.

Two simple manual maneuvers can alleviate this occlu-
sion and reestablish airway patency and airflow. The head
tilt with chin lift (Figure 2.4) is an effective technique for
opening the airway, 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 performed
while maintaining cervical spine alignment. Although these
techniques work well, they require the continuous involve-
ment of a single provider to maintain airway patency.

Figure 2.4
Head tilt with chin lift. © Chris Gralapp.

Figure 2.5
Jaw thrust without head tilt. © Chris Gralapp.

Figure 2.6
Oropharyngeal airway. © Chris Gralapp.

Figure 2.7
Nasopharyngeal airway. © Chris Gralapp.

Airway adjuncts can 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 pharyngeal
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 is contraindicated in
a patient with a gag or cough reflex 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 mandible.

The nasopharyngeal airway (NPA) is an uncuffed
trumpet-like tube made of soft rubber or plastic that pro-
vides a conduit for airflow between the nares and phar-
ynx (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) preclude the
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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 seriously ill or
injured patients with cardiac disease, respiratory distress,
shock or trauma, even if their measured arterial O, ten-
sion 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 depres-
sion from loss of their hypoxic ventilatory drive.

Ventilation

Adequate ventilation implies the following:

1. Sufficient O, delivery to the alveoli, and
2. Sufficient carbon dioxide (CO,) removal from the
lungs.

Despite an open airway and supplemental O,, a patient
with inadequate ventilation cannot conduct meaningful
gas exchange.

The sequence of interventions for the inadequately
ventilating patient includes opening the airway, place-
ment of an OPA, and bag-mask ventilation (BMV). The
self-inflating ventilation bag with facemask provides an
emergent means of ventilation. It is equipped with several
valves that allow for coordinated 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 attached
to a high-flow O, source (10-15 L/min), the bag-mask can

Table 2.1 Oxygen delivery techniques

Flow rate Concentration
O, delivery technique (L/min) delivered (%)
Nasal cannula 1-6 24-44
Simple face mask 6-10 35-60
Venturi mask 2-12 24-60
Face mask with O, 12-15 65-75
reservoir
Bag-mask 15 90-97
Blow-by 6-10 Varies

supply an O, concentration of nearly 100%. The adapter
for the facemask is interchangeable with an endotracheal
tube (ETT), so the same bag can be used postintubation.

BMYV is arguably the most important emergency medi-
cal skill. Competence with BMV is a prerequisite for using
paralytic agents to intubate a patient. Substantial profi-
ciency 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 BMV technique is imperative, recruitment
of another individual allows one person to perform a jaw
thrust and ensure a good mask seal with both hands while
the second individual squeezes the bag.

The effectiveness of BMV is determined by observing
the chest rise and fall, feeling for resistance in the bag, and
monitoring the patient’s O, saturation and end-tidal CO,.

Indications for definitive
airway management

A definitive airway implies “patency and protection.”
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 air-
way in a timely manner can have disastrous consequences
for the patient.

Although the ultimate decision to intubate a patient is
often complicated and may depend on a variety of clinical
factors, there are four fundamental reasons that patients
require definitive airway management:

1. Inability to maintain or protect the airway

2. Failure of ventilation or oxygenation

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

4. Patient safety and protection

Inability to maintain or protect the airway

An open airway is required for adequate oxygenation
and ventilation. Patients who are unable to swallow

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; CO,: carbon dioxide; O,: oxygen.
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spontaneously and handle their secretions, or lack a gag
reflex, are at risk for aspiration. Although repositioning
maneuvers (chin lift, jaw thrust) or airway adjuncts (OPA,
NPA) may serve as temporizing measures, they do not
provide protection from aspiration of gastric contents,
which carries a significant associated morbidity and mor-
tality. 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 condi-
tion, such as narcotic overdose or dysrhythmia.

Failure to ventilate or oxygenate

The patient who is inadequately ventilating despite
maximal clinical therapy or remains severely hypox-
emic despite supplemental O, may need intubation.
The decision to intubate these patients is based on a
combination of clinical findings including general
appearance, work of breathing, perfusion status, O,
saturation and clinical course. When deciding to intu-
bate, arterial blood gases (ABG) are rarely necessary,
can be misleading and may delay definitive therapy.
Intubation allows for the delivery of higher concen-
trations of O, as well as positive-pressure ventilation,
which tends to improve most circumstances of hypoxia
and ventilatory failure.

Potential for deterioration based on the
patient’s clinical presentation

Anticipating airway compromise before it occurs is one
of the most challenging aspects of emergency airway
management. Certain conditions mandate the need for
definitive airway management even in the absence of
specific airway, ventilatory or oxygenation failure. This
decision to intubate is based on anticipated anatomic or
physiologic airway deterioration or ventilatory compro-
mise. For example, the decision to intubate an awake,
talking patient with a suspected thermal injury to the
airway may be difficult but necessary to avoid future
airway occlusion and compromise. Delaying definitive
airway management in this patient could allow the inter-
val development of significant airway edema, making
endotracheal intubation extremely difficult if not impos-
sible. Other patients in whom early airway management
should be considered include those with significant facial
fractures, penetrating neck trauma, tracheal or laryngeal
injuries, severe head injury, multiple trauma, sustained
seizure activity or certain overdoses (e.g., tricyclic anti-
depressant).

Patient safety and protection

Agitated, combative or confused patients may harm
themselves in certain clinical situations, making them
candidates for prophylactic intubation. 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

Rapid sequence intubation

Rapid sequence intubation (RSI) is a series of defined steps
intended to allow for rapid oral intubation of a patient
without interposed BMV. Because most patients requiring
emergent intubation have not fasted and may have full
stomachs, BMV may inadvertently lead to gastric distention
followed by regurgitation and aspiration. To minimize the
risk of aspiration, the patient is first pre-oxygenated with
100% supplemental O, to allow for a period of apnea with-
out 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 unconsciousness and paralysis, respectively. The patient
may then be intubated without the need for BMV.

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

Table 2.2 The nine Ps of rapid sequence intubation

Time Action

0-10 min Possibility of success

0-10 min Preparation

0-5 min Preoxygenation

0-3 min Pretreatment

Time zero Paralysis (with induction)

0 +20-30 sec Positioning and protection

0 + 45 sec Placement

0 + 45 sec Proof

0+ 1 min Postintubation management
Possibility of success

The patient should be carefully evaluated for a potentially
difficult airway, and assessed for ease of BMV should the
intubation prove difficult or impossible.

When evaluating a patient for ease of intubation and
bag-mask ventilation, it is important to use a consistent
approach. Two logical, easily remembered mnemonics for
anticipating the difficult laryngoscopy and the difficult
BMYV are the LEMON law and MOANS, respectively.

LEMON Law: Anticipating the
difficult laryngoscopy

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, ventilation or both. An
abnormal facial shape, extreme cachexia, a “toothless” mouth
with sunken cheeks, trauma to the lower face or facial hair may
prevent an adequate seal for effective BMV. Large buckteeth or
central incisors, a receding mandible or a short bull-neck may
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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 accommodate a normally sized tongue. A small
mandible and large tongue may obstruct access to the larynx
during intubation. Finally, two fingers’ 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-1V) used to predict the
ability of a patient’s mouth to accommodate both the laryngoscope
and ETT. To determine a patient’s classification, have 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 | and
Il predict greater oral access for the laryngoscope and superior
laryngeal exposure, thereby portending a greater likelihood of
successful intubation. In the case of Class Il 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, prevertebral abscess), laryngeal masses or
tumors, or any other upper airway conditions that may complicate

laryngoscopy and BMV. Foreign bodies, extrinsic airway compre-
ssion and direct airway trauma (including the possibility of airway
disruption) should be considered strong evidence of an obstruction
that could hinder or preclude intubation and ventilation.

Neck mobility

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

MOANS: Anticipating difficult
bag-mask ventilation

Mask seal

Conditions that make mask seal difficult (e.g., bushy beard, facial
disruption, and crusted blood on the face).

Obstruction or obesity

Obstruction of the airway (e.g., angioedema, upper airway
infections, tumors, hematomas, foreign bodies). Obesity and
term pregnancy (redundant tissue, chest and abdominal wall
weight, resistance to diaphragmatic excursion by the abdominal
contents).

Age

Older patients (age >55) have a loss of muscle and tissue tone
in the upper airway.

No teeth

An edentulous patient’s face collapses inward, so leave the
dentures in for BMV but remove them for intubation.

Stiff lungs

High airway resistance or decreased pulmonary compliance (e.g.,
asthma, COPD, pulmonary edema, acute respiratory distress
syndrome (ARDS), restrictive lung disease, and pneumonia).

Class | Class Il

Figure 2.8

Class lll 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 Ill: only the base of the uvula can be visualized. Class IV: none of the three structures can be visualized. © Chris Gralapp.
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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
A high-flow O, mask and BMV device should be ready for use.

Airway equipment

At least two functioning laryngoscope handles and the
appropriately sized and shaped laryngoscope blades should be
available. The anticipated blades 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. A stylet 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 1V 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 monitoring are
mandatory for all patients. If available, 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 postintubation care. When dealing with
a complicated airway, anesthesiology or ear, nose and throat
(ENT) specialists should be called in to assist with airway
management.

Preoxygenation

During RSI, the process of direct laryngoscopy and ETT
placement precludes simultaneous O, delivery to the
paralyzed apneic patient. This could lead to detrimental

arterial O, desaturation (<90%). Preoxygenation estab-
lishes a reservoir of oxygen within the patient’s lungs and
body tissues that allows for a period of prolonged apnea
without O, desaturation. Administration of 100% O, to
the patient for 5 minutes prior to paralysis effectively
leads to “nitrogen washout,” replacing room air (80%
nitrogen, 20% O,) within the lung with nearly 100% O,.
Except in critically ill and elderly patients, administration
of 100% O, for longer than 5 minutes provides little addi-
tional benefit.

The time to desaturation following preoxygenation is
determined by the duration of preoxygenation as well as
the patient’s age and body habitus. Children, late-term
pregnant women and obese adults tend to desaturate
more rapidly than adults. Following preoxygenation,
healthy adults will typically maintain their oxygen satu-
ration >90% for 8 minutes. Healthy children will typically
begin desaturating after just 4 minutes.

A nonrebreather O, mask delivers O, concentrations in
the range of 70-75%. A ventilation bag and mask placed
over the patient’s mouth and nose (without actively bag-
ging) delivers close to 100% O, to the patient. In circum-
stances in which time is limited, a patient can be quickly
preoxygenated by taking eight vital-capacity (the larg-
est possible) breaths in rapid succession from a 100% O,
source.

Pretreatment

During RSI, the act of intubation and the use of succi-
nylcholine (SCh) can lead to a number of adverse effects,
including increased intracranial pressure (ICP), increased
intraocular pressure, increased intragastric pressure,
bronchospasm in patients with reactive airway disease,
increased sympathetic discharge and bradycardia (espe-
cially in children).

Selected pretreatment medications may be given to
mitigate these adverse effects. These medications, their
indications, mechanisms of action and doses are summa-
rized in Table 2.3.

Paralysis (with induction)

The next step in RSI is the rapid IV administration of an
induction agent followed immediately by an NMBA to
induce complete unconsciousness and motor paralysis.
These medications are not titrated; rather, they are given
IV push to rapidly induce deep sedation and muscular
relaxation.

Induction agents

All patients with few exceptions (e.g., benzodiazepine
overdose) should receive an induction agent prior to
neuromuscular blockade. Induction agents induce com-
plete loss of consciousness prior to NMBA-induced
paralysis. Paralysis without sedation can lead to detri-
mental physiologic and undesirable psychologic seque-
lae. When combined with NMBAs, induction agents
enhance muscle relaxation, thereby creating improved
intubating conditions.
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Table 2.3 Pretreatment medications

Drug Indication Mechanism

Lidocaine TICP, RAD { intracranial response
to intubation, mitigates
bronchospasm in
patients with RAD

Opioid T ICP, ischemic heart Blunts sympathetic

(fentanyl) disease, aortic response to
dissection laryngoscopy
Atropine Children <1 years Mitigates bradycardic

Adults receiving a
second dose of SCh

response to SCh

Adult dose Pediatric dose
(1v) (1v) Notes
1.5 mg/kg 1.5 mg/kg Don't give in high-
grade heart block
(Mobitz Il or 3rd
degree)
3-6 mcg/kg 1-3 mcg/kg Use with caution in
young children
2mg 0.02 mg/kg Only give prior to
(minimum first dose of SCh
dose 0.1 mg)

ICP: intracranial pressure; RAD: reactive airway disease; SCh: succinylcholine.

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 summarized in Table 2.4.

Etomidate

Etomidate is a non-barbiturate sedative-hypnotic agent
that provides no analgesia. 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. Although etomidate is
remarkably hemodynamically stable, the dose should be
reduced by 50% in hemodynamically unstable patients.
Etomidate reduces cerebral blood flow and cerebral meta-
bolic O, demand without adversely affecting cerebral per-
fusion pressure. Due to its cerebroprotective effects and
hemodynamic stability, etomidate is an excellent induc-
tion agent for 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 single-
dose injection used in RSI.

Ketamine
Ketamine is a dissociative anesthetic derived from phen-
cyclidine (PCP) that induces a cataleptic state rather

Table 2.4 Induction agents

Induction agent Induction dose (IV) Onset of action

Barbiturates

Thiopental 3—6 mg/kg (adult) <30 sec

1-3 mg/kg (elderly)

Methohexital 1-3 mg/kg <30 sec
Benzodiazepines

Midazolam 0.2-0.3 mg/kg 30-60 sec
Etomidate 0.3 mg/kg 1545 sec
Ketamine 1-2 mg/kg 45-60 sec

than true unconsciousness. Ketamine provides analge-
sia, amnesia and anesthesia, while preserving protective
reflexes (i.e., airway). Ketamine causes a rise in heart rate,
blood pressure, myocardial consumption and bronchodi-
lation by stimulating the endogenous release of catecho-
lamines. For these reasons, it is the induction agent of
choice for hypotensive (e.g., sepsis), hypovolemic (e.g.,
hemorrhage) and bronchospastic patients requiring intu-
bation. Due to the sympathetic stimulation, care should
be taken in patients with ischemic heart disease. Because
ketamine increases ICP, cerebral 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 pre-
cipitate laryngospasm. Therefore, atropine 0.02 mg/kg IV
may be given in conjunction with ketamine to promote
a drying effect. Ketamine may produce an unpleasant
emergence phenomenon, including hallucinations or
frightening dreams in the first 3 hours after awakening.
Such reactions are more common in adults than children
and can be reduced through the concomitant administra-
tion of a benzodiazepine such as lorazepam (0.05 mg/kg)
after intubation.

Thiopental and methohexital
The barbiturates thiopental and methohexital are
short-acting sedative-hypnotic agents that provide no

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

BP: blood pressure; ICP: intracranial pressure.
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analgesia. These agents have a short onset of action and
induce rapid depression of central nervous system (CNS)
activity. They also reduce ICP (by reducing cerebral blood
flow) and provide cerebroprotective effects (by reducing
cerebral metabolic O, consumption) while still maintain-
ing cerebral perfusion pressure. As a result, both barbitu-
rates are excellent induction agents for hemodynamically
stable patients with increased ICP (e.g., intracranial hem-
orrhage) or status epilepticus. Their propensity to induce
significant hypotension from myocardial depression and
venodilation is the reason to avoid these agents in hypo-
tensive patients. Other side effects of thiopental include
central respiratory depression, histamine release (avoid
use in asthmatic patients), and tissue injury and necro-
sis with extravasation. Methohexital is shorter-acting and
more potent than thiopental, and not surprisingly asso-
ciated with more profound hypotension and respiratory
depression.

Midazolam

Benzodiazepines cause amnesia, anxiolysis, central mus-
cle relaxation, sedation and hypnosis. They also have
strong anticonvulsant effects. As induction agents, their
strengths are the ability to promote sedation and amne-
sia, and their primary weakness is their gender- and age-
dependent dosing variability. Of the benzodiazepines,
midazolam is best suited as an induction agent because
of its rapid onset of action. Like other benzodiazepines,
midazolam is a myocardial depressant and reduces sys-
temic vascular resistance, and it should be used with cau-
tion in hemodynamically unstable and elderly patients.
Although midazolam may be used as a primary induction
or adjunctive agent during RS], it is more commonly uti-
lized for sedation in combination with an analgesic agent
in patients who are intubated. When used as an induction
agent, midazolam is frequently underdosed.

Neuromuscular blockade

NMBAs (neuromuscular blocking agents) are used to
paralyze the patient, facilitating rapid endotracheal
intubation. They do not provide analgesia, sedation or
amnesia. There are two classes of NMBAs: depolarizing
and non-depolarizing.

The ideal NMBA would have a rapid onset, short
duration of action and few adverse side effects.
Succinylcholine (SCh), a depolarizing NMBA, comes clos-
est to meeting these traits and is the paralytic agent of
choice for most intubations in the ED. SCh binds tightly

Table 2.5 Neuromuscular blocking agents

Neuromuscular
blocking agent

Depolarizing agent
Succinylcholine

Non-depolarizing agent
Rocuronium 1 mg/kg
Vecuronium 0.15 mg/kg
Pancuronium 0.1 mg/kg

Intubating dose (IV) Onset

1.5 mg/kg (adult)
2 mg/kg (child)

to acetylcholine receptors at the neuromuscular junction,
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 sec-
onds followed by complete paralysis after 45-60 seconds.
Because of its short duration of action, patients may begin
spontaneously breathing within 6-10 minutes.

The dose of SCh is 1.5 mg/kg rapid IV push in adults.
In children <10 years of age, the recommended dose is
2 mg/kg rapid IV push. There is little harm in giving
too much SCh; however, giving too little SCh can lead to
inadequate paralysis and difficulty intubating.

The main drawbacks to SCh are its side effects, includ-
ing muscle fasciculations, bradycardia, hyperkalemia,
prolonged neuromuscular blockade, trismus (masseter
muscle spasm) and malignant hyperthermia. The brady-
cardia that follows the administration of SCh most
commonly occurs in children <1 year of age and can be
mitigated by pretreatment with atropine (0.02 mg/kg).
Under usual circumstances, SCh induces a small but clini-
cally insignificant rise in serum potassium of 0.5 mEq/L.
However, in large burns, crush injuries, denervation or
neuromuscular disorders, and intra-abdominal sepsis,
the administration of SCh may lead to an exaggerated rise
in potassium levels of 5-10 mEq/L and result in hyper-
kalemic dysrhythmias or cardiac arrest. Fortunately, the
hyperkalemia risk is not immediate in these patients but
occurs typically 5 days after the event, depending on the
injury or underlying process.

Non-depolarizing NMBAs compete with acetylcholine
for receptors at the neuromuscular junction, thereby caus-
ing paralysis. Although these agents are commonly used
for postintubation paralysis, they may also be used as the
primary RSI paralytic agent in specific patient populations
or in patients who have a contraindication to SCh. These
agents have 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.

Of the non-depolarizing NMBAs, rocuronium has the
most favorable profile for RSI. Like SCh, rocuronium has
a short onset of action (45-60 seconds at a dose of 1 mg/
kg IV) but an extended duration of action like other non-
depolarizing NMBAs. Research is underway to evaluate
reversal agents for non-depolarizing NMBAs and one
such drug, sugammadex, has shown promise.

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

Duration
45-60 sec 6—12 min
50-70 sec 30—60 min
90-120 sec 60-75 min
100-150 sec 120-150 min
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Figure 2.9

Head on bed, neutral position. PA: pharyngeal axis; OA: oral axis;
LA: laryngeal axis. Reproduced with permission from Walls RM,
Murphy RF, Manual of Emergency Airway Management, 3rd ed,
and Companion Manual to the Airway Course (www.theairwaysite.
com). Lippincott Williams & Wilkins, Philadelphia, 2008.

Figure 2.10

Head elevated on pad, neutral position. PA: pharyngeal axis; OA:
oral axis; LA: laryngeal axis. Reproduced with permission from Walls
RM, Murphy RF, Manual of Emergency Airway Management, 3rd ed,
and Companion Manual to the Airway Course (www.theairwaysite.
com). Lippincott Williams & Wilkins, Philadelphia, 2008.

Figure 2.11

Head elevated on pad, head extended on neck. PA: pharyngeal
axis; OA: oral axis; LA: laryngeal axis. Reproduced with permission
from Walls RM, Murphy RF, Manual of Emergency Airway
Management, 3rd ed, and Companion Manual to the Airway
Course (www.theairwaysite.com). Lippincott Williams & Wilkins,
Philadelphia, 2008.

Positioning

Based on the patient’s age, anatomy and other condi-
tions (cervical arthritis, cervical spine precautions), the
patient should be carefully positioned in the manner that
increases the odds of successful intubation.

The airway has three separate axes: the oral, pharyn-
geal and laryngeal. In the neutral position, these axes are
misaligned (Figure 2.9). However, with proper position-
ing prior to laryngoscopy, the clinician can obtain a clear
line of site to the glottis.

Placing a small pillow under the patient’s occiput
flexes the lower cervical spine relative to the torso, align-
ing the pharyngeal and laryngeal axes (Figure 2.10).
Positioning the patient in the “sniffing” position with
extension of the head on the neck aligns all the three axes
(Figure 2.11).

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

Protection

Following administration of induction and paralytic
agents, the patient will predictably lose conscious-
ness and become apneic — usually 45 seconds after the
paralytic agent. Just as the patient loses consciousness,
an assistant should apply firm backward pressure to
the patient’s cricoid cartilage (Sellick’s maneuver).
Although its efficacy has been questioned, Sellick’s
maneuver theoretically compresses the esophagus and
prevents passive regurgitation of the gastric contents
(Figure 2.12).

Sellick’s maneuver is typically maintained until the
ETT has been placed, its position verified, and the cuff
inflated. If the application of cricoid pressure impairs
visualization of the vocal cords, it should be released
or modified. 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.

Figure 2.12
Cricoid pressure (Sellick’'s maneuver). © Chris Gralapp.
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Placement

After the administration of SCh, the patient will predicta-
bly have muscle fasciculations followed by paralysis and
apnea. If the patient has been adequately preoxygenated,
arterial O, saturations will remain normal despite apnea.
Gently grasping the patient’s mandible and checking for
flaccidity can confirm complete muscular paralysis. It is
important to wait until the patient is completely para-
lyzed before proceeding with intubation.

With the laryngoscope in the left hand, the mouth is
opened with the right hand. The laryngoscope 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 han-
dle 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 intu-
bator or an assistant may perform the BURP (Backward,
Upward, Rightward Pressure) maneuver. Manual appli-
cation of BURP and the resulting displacement of the thy-
roid cartilage backwards against the cervical vertebrae,
upward or as superiorly as possible, and laterally to the
right have been found to significantly improve the view
of the glottis during laryngoscopy (Figure 2.13).

Figure 2.13
BURP maneuver: Backward, upward, rightward pressure. © Chris
Gralapp.

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 typical 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 BMV.

Adequate preoxygenation will allow the laryngoscopist
several attempts at intubation (without intervening BMV)
before arterial O, desaturation occurs. A dedicated team
member should be focused on the patient’s cardiac rhythm,
blood pressure and O, saturation during laryngoscopy,
and should alert the intubator to any abnormalities. After
any unsuccessful attempt, always recheck the patient’s

position and make needed adjustments. Consider chang-
ing 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

Proper placement of the ETT within the trachea needs
to be confirmed after every intubation. Failure to recog-
nize an esophageal intubation can be disastrous. Sellick’s
maneuver should not be released until confirmation of
correct ETT placement.

Methods used to confirm correct ETT placement include
clinical assessment, pulse oximetry, ETCO, detection and
aspiration techniques. Chest radiography should be used
to assess ETT position but cannot confirm ETT placement
within the trachea. Because 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. Direct visualization of the ETT passing 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

Observation of symmetrical chest rise during ventilation

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

L

Although these clinical findings should be assessed in
every intubated patient, they are prone to error and should
not be the sole means for confirming ETT placement.

Pulse oximetry

Continuous noninvasive pulse oximetry should be stand-
ard for every patient being intubated. A drop in the meas-
ured O, saturation following intubation is worrisome for
an esophageal intubation; if the patient was adequately
preoxygenated, this drop may be delayed for several min-
utes, giving health care providers a false sense of secu-
rity. 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

Immediately following intubation, an ETCO, detec-
tion device should be attached to the ETT and assessed
through six manual ventilations. The presence of exhaled
CO, after six manual ventilations is an effective and reli-
able method for confirming proper placement of the ETT
within the airway. False-positive ETCO, detection may
occur if the tube is placed just above the glottis. False-
negative ETCO, detection may occur (despite ETT place-
ment within the trachea) after cardiopulmonary arrest
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and profound circulatory collapse, as CO, production
and delivery to the lungs abruptly declines.

Colorimetric ETCO, detectors are small disposable
devices that connect between the bag and the ETT. When
the device detects ETCO,, its colorimetric indicator changes
from purple to yellow; the absence of this color change
indicates the tube is incorrectly placed in the esophagus.

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

Quantitative ETCO, detectors perform capnography,
the graphic display of CO, concentrations seen as a wave
form on the monitor, or capnometry, the measurement
and display of CO, concentrations.

Aspiration devices

The bulb and syringe aspiration devices have a secondary
role for confirmation of proper ETT placement. These
appliances work based on the principle that the trachea
is a rigid air-filled structure, while the esophagus has
collapsible walls. Once the device is attached to the ETT,
attempts to draw air through an esophageal intubation
will meet resistance, whereas air will flow freely through
an ETT in the trachea. Although these aspiration tech-
niques are easy to perform, they are not as reliable as
ETCO, detection; however, they have utility as backup
devices in patients with cardiopulmonary arrest.

Postintubation management

After correct placement of the ETT in the trachea has been
verified, a few “housekeeping” issues must be addressed.

The ETT needs to be secured. The patient’s blood pres-
sure and other vitals should be repeated frequently.
Bradycardia following intubation should be assumed
due to esophageal intubation and resulting hypoxia.
Hypertension postintubation suggests inadequate seda-
tion. Hypotension may be the result of a tension pneu-
mothorax, decreased venous return, a cardiac cause, or
the induction agent.

Configure the mechanical ventilator according to
the patient’s size and needs. A postintubation CXR will
assess ETT position (depth of placement) and the condi-
tion of the patient’s lungs. Proper tube depth is gener-
ally 2-3 cm above the carina. Insertion of the ETT into
the right mainstem bronchus is a common complication
(Figure 2.14).

Following intubation, long-term sedation and anal-
gesia using a benzodiazepine and opioid agent will
facilitate mechanical ventilation. IV diazepam (0.2 mg/kg),
lorazepam (0.05-0.1 mg/kg) or midazolam (0.1-0.2 mg/kg)
may be giveninitially for sedation and repeated for any signs
of awareness. An opioid agent such as fentanyl (3-5 mcg/
kg) or morphine sulfate (0.2 mg/kg) should be added for
additional patient comfort. Pancuronium (0.1 mg/kg) or
vecuronium (0.1 mg/kg) may be used if long-term paraly-
sis is desired; a repeat dose (one-third the initial dose) may
be given after 45-60 minutes if motor activity is detected.

Immediate “crash” intubation

Patients with respiratory arrest, agonal respirations or
deep unresponsiveness require immediate intubation
without the use of supplemental medications. The advan-
tages of this approach are technical ease and immediacy.

Figure 2.14
Right mainstem bronchus intubation. AP supine chest radiograph on a
trauma board showing an endotracheal tube in the right mainstem bronchus,
hyperinflation of the right lung and marked loss of volume in the left lung.
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Disadvantages include the potential for increased ICP
from the stress of intubation, as well as possible emesis
and aspiration.

Awake oral intubation

Awake oral intubation is a technique utilizing liberal
topical airway anesthesia (i.e., spray, nebulization or local
anesthetic nerve block) and mild IV sedation prior to
inspection or intubation of an “awake” patient’s airway.
The approach conveniently allows for the preservation of
the patient’s airway reflexes and spontaneous breathing
while the laryngoscopist takes a gentle look at the glot-
tis, vocal cords and internal airway anatomy. Whether to
intubate the patient immediately 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 technique is
the patient with distorted upper airway anatomy result-
ing from blunt or penetrating anterior neck trauma.
Under these circumstances, intubation by RSI may
be unsuccessful or impossible and subsequent BMV
may allow air to enter the neck via the airway injury,
complicating further management. Disadvantages of

the awake oral intubation technique include overse-
dation, discomfort and stress, and potential for del-
eterious effects in patients with cardiac disorders or
increased ICP.

Blind nasotracheal intubation

Although commonly employed previously, blind nasotra-
cheal 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.

BNTI may be the preferred route of intubation in clini-
cal circumstances in which RSI is not advisable and alter-
natives (e.g., fiberoptic) are not available. In the patient
with anatomic features that may pose a challenge to RSI
and BMV, awake BNTI can be performed while preserv-
ing the patient’s spontaneous respirations.

BNTTI is contraindicated in the apneic patient, since air
movement is essential to tube placement. BNTI is also
contraindicated in patients with the possibility of cribri-
form plate, basilar skull, or midface injuries out of con-
cern that the tube may enter the cranial vault. Patients
with bleeding disorders or coagulopathy may develop
massive epistaxis from BNTIL

Difficult airway | ______
predicted >

Call for assistance

.

No BVM maintains No . .
Sp0, = 90%? = $,0, = 90%? Failed airway
Ye Sb | Yes
BVM predicted to Yes ) Intubation predicted YesI RSI
be successful? to be successful? (= double set-up)

| No

Noi#

Unsuccessfuli

S,0, = 90%?

Yesi

Blind nasotracheal
Cricothyrotomy
Fiberoptic method
Intubating LMA
Lighted stylet

Figure 2.15

“Awake” Successful Post-intubation
technique management or RSI
No . .

Failed airway

A 4
Go to main
algorithm

Algorithm for the difficult airway. LMA: laryngeal mask airway; BVM: bag-valve-mask; RSI:
rapid sequence intubation; SpO2: saturated pressure of oxygen measured with pulse
oximetry. Reproduced with permission from Walls RM, Murphy RF, Manual of Emergency
Airway Management, 3rd ed, and Companion Manual to the Airway Course
(www.theairwaysite.com). Lippincott Williams & Wilkins, Philadelphia, 2008.

32 Principles of Emergency Medicine



The d ifficu It ai rway 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

It has beep e.stimaFed that between 1—3f’/o pf patients present cannot be maintained above 90% using BMV.
with a “difficult airway,” defined as difficulty securing the ) ) o
airway under direct laryngoscopic vision. Before admin- ~ The management of the failed airway is dictated

istering NMBAs, the emergency physician should always bY whether or not the patient can be oxygenated
assess the likelihood of a difficult intubation and the prob- (Figure 2.16).

ability for success. Every intubation should be assumed

difficult, especially in the pediatric population, and a . .

back-up plan should be formulated prior to proceeding. De\[lces and teChnlqueS for the
Success or failure is often directly related to the airwa rrn . . .

manager’s ability to anticipate przblems, prepare for thz dlfflCUIt or falled Intu batlon
worst-case scenario and address failure (Figure 2.15).

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

The failed airway

oo . . Extraglottic devices
The failed airway may be clinically defined in two manners:

1. The cannot intubate, can oxygenate scenario occurs Laryngeal mask airway
when a skilled airway manager fails to intubate The laryngeal mask airway (LMA) is a modified ETT
on three attempts but can successfully BMV the with an inflatable, oval collar (“laryngeal mask”) at
patient. its base (Figure 8.2). The LMA is blindly inserted into

Failed airway

PSR A TP EEERPEEP PR P Call for assistance
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LMA or Combitube
may be attempted while
preparing for cricothyrotomy
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Sp05 = 90%?
If contraindicated

i e A
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v
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Intubating LMA
Lighted stylet
Supraglottic airway

v

Time allows and No
successful?

¢ Yes

Cuffed ETT placed?

e

Arrange for
definitive airway
management

Cricothyrotomy

Consider

Post-intubation
management

Figure 2.16

Algorithm for the failed airway. ETT: endotracheal tube; BVM: bag-valve
mask; SpO2: saturated pressure of oxygen measured with pulse oximetry.
LMA: laryngeal mask airway. Reproduced with permission from Walls

RM, Murphy RF, Manual of Emergency Airway Management, 3rd ed,

and Companion Manual to the Airway Course (www.theairwaysite.com).
Lippincott Williams & Wilkins, Philadelphia, 2008.
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the pharynx until the collar covers the glottic opening.
Inflation of the collar provides a seal that allows tracheal
ventilation with minimal gastric insufflation. Although
these devices are relatively easy to use, they do not pre-
vent aspiration. However, the LMA can serve as a rescue
ventilation device, equivalent or superior to bag-mask
ventilation, until a definitive airway can be established.

The intubating LMA (ILMA) facilitates both rescue
ventilation and blind endotracheal intubation. Following
successful ILMA placement, an ETT can be advanced
through the device and into the trachea with success rates
comparable to those of direct laryngoscopy:.

Combitube™

The Combitube™ is a dual-lumen, dual-cuffed esopha-
geal/tracheal airway (Figure 8.1). One lumen functions
as an esophageal airway while the other performs as a
tracheal airway. After blind insertion of the Combitube,
the device typically enters the esophagus; however, the
presence of dual lumens allows ventilation even follow-
ing inadvertent tracheal entry.

King LT®

The King LT® is a single-lumen, dual-cuffed airway
with ventilation outlets between the pharyngeal and
esophageal cuffs. The King LT is inserted blindly, and a
single pilot balloon inflates both cuffs simultaneously.
Though similar to the Combitube, the King LT is shorter,
easier to insert and easier to inflate.

Video laryngoscopy

Video laryngoscopes, consisting of a micro videocam-
era and a modified laryngoscope, transmit images of the
glottis to an external monitor, allowing intubation to be
performed while looking at the video screen. Compared
with traditional laryngoscopy, video laryngoscopes, such
as the GlideScope®, provide superior glottic views and
greater airway anatomic detail without requiring align-
ment of the axes. As a result, the GlideScope is associated
with high intubation success rates and less cervical spine
movement. Although rigorous trials to assess perform-
ance are limited, clinical experience, including that of the
authors, indicates these devices are highly effective.

Fiberoptic intubation

Fiberoptic techniques for endotracheal intubation have
emerged as invaluable tools for management of the diffi-
cult airway. Devices such as flexible fiberoptic intubating
bronchoscopes and fiberoptic intubating stylets require
considerable technical skill and repeated practice to main-
tain speed and success.

Lighted stylet intubation

The lighted stylet apparatus utilizes transillumina-
tion of the soft tissues of the neck to signify correct ETT

placement within the trachea. Due to the anterior location
of the trachea relative to the esophagus, a well-defined,
circumscribed 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 poorly seen.

Retrograde intubation

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

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 manually direct an ETT into the
larynx. This technique requires a profoundly unrespon-
sive patient.

Surgical airway

Surgical airway management, unlike conventional airway
management, entails the creation of an opening in the tra-
chea to provide oxygenation and ventilation. Proficiency
with surgical airway techniques can mean the difference
between life and death.

Cricothyrotomy

When a surgical airway is absolutely necessary, crico-
thyrotomy is the procedure of choice. Cricothyrotomy
allows emergent placement of an ETT or cuffed trache-
ostomy tube through a surgical opening in the cricothy-
roid membrane (Figure 2.17). The primary indication
for cricothyrotomy is the need for a definitive airway
when orotracheal or nasotracheal intubation fails or is
contraindicated, and bag-mask ventilation cannot main-
tain an adequate oxygen saturation. A classic example is
the patient with severe facial trauma in whom conven-
tional airway management is extremely complicated or
unfeasible.

The primary contraindication to cricothyrotomy is
young age. Due to anatomic considerations, the proce-
dure should be avoided in children <10-12 years of age.
Other contraindications to cricothyrotomy include preex-
isting tracheal or laryngeal pathology, anatomic oblitera-
tion of the landmarks (e.g., hematoma), coagulopathy and
operator inexperience with the procedure. Complications
of cricothyrotomy include incorrect airway placement,
hemorrhage, tracheal or laryngeal injury, infection, pneu-
momediastinum, subglottic stenosis and voice change.

Transtracheal jet ventilation (TTJV)

An alternative surgical airway procedure is needle crico-
thyrotomy with percutaneous TTJV (Figure 2.18). In this
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Figure 2.17
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Surgical cricothyrotomy. Reproduced with permission from ATLS: Advanced Trauma Life Support for Doctors Student

Manual, 8th edition, American College of Surgeons, 2008

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. One
hundred percent oxygen is then delivered at 1220 bursts
per minute. The inspiratory phase should last 1 second,
whereas the expiratory phase lasts 2—4 seconds.

Advantages of this technique include simplicity,
safety and speed. There is typically less bleeding com-
pared with cricothyrotomy, and age is not a contrain-
dication, making it the preferred surgical airway in
children <12 years.

During TT]V, the upper airway mustbe free of obstruc-
tion to allow for complete exhalation, or else the patient
may develop barotrauma from air stacking. All patients
receiving TTJV should have an oral and nasal airway
placed. Unlike cricothyrotomy, TTJV does not provide
complete airway protection; it should be considered a

temporizing measure until a definitive airway can be
established.

Special patients

Pediatric

Though the principles of airway management in adults
and children are the same, a number of age-related differ-
ences must be accounted for when managing the pediatric
airway. Specific anatomic differences between adults and
children and their clinical significance in airway manage-
ment are summarized in Table 2.6 and Figure 2.19.
Physiologically, pediatric patients have a higher rate
of O, consumption and smaller functional residual capac-
ity; therefore, they tend to desaturate more rapidly than
adults. Compared with adults, children tend to have
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Transtracheal jet ventilation. PVC: polyvinyl chloride. © Chris Gralapp.

a shortened period of protection from hypoxia follow-
ing preoxygenation, and infants and small children may
require BMV during RSI to avoid hypoxia.

Airway equipment selection is based on the child’s
weight and length (Table 2.7). A child’s ETT size can
be estimated by the size of his/her external naris, the
diameter of his/her little finger, or the formula ETT

Table 2.6 Anatomical differences between adults and children

Anatomy

Large intraoral tongue occupying relatively large portion of the oral
cavity

High tracheal opening: C-1 in infancy vs. C-3 to C-4 at age 7, C-4
to C-5 in the adult

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

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

Consistent anatomical 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

size = 4 + (age in years/4). The depth of ETT place-
ment may be remembered as approximately three
times ETT size or (age in years/2) + 12.

Drug dosing in children and the choice of medications
for RSI are also based on a child’s age and weight. Of
note, the dose of SCh is higher in children (2 mg/kg) than
in adults. Atropine (0.02 mg/kg) may be administered to

Clinical significance

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

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

Sniffing position is preferred. The larger 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

Uncuffed tubes provide adequate seal because they fit snugly at
the level of the cricoid ring

Correct tube size essential because variable expansion cuffed
tubes not used

Younger than 2 years, high anterior; 2 to 8 years, transition; older
than 8 years, small adult

Blind nasotracheal intubation not indicated in children;
nasotracheal intubation failure

Needle cricothyrotomy difficult, trachea is the landmark, surgical
cricothyrotomy impossible in infants and small children

Reproduced with permission from Walls RM, Murphy RF. Manual of Emergency Airway Management, 3rd ed, and Companion Manual to
the Airway Course (www.theairwaysite.com). Lippincott Williams & Wilkins, Philadelphia, PA, 2008.
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Junction of
chin and neck

Cricoid ring

Infant Adult

Figure 2.19

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, Murphy RF, Manual of Emergency Airway Management,
3rd ed, and Companion Manual to the Airway Course (www.theairwaysite.com). Lippincott Williams & Wilkins,

Philadelphia, 2008.

children <1 year of age receiving SCh to prevent brady-
cardia. Fentanyl should be used with caution in infants
and small children, as it may lead to respiratory depres-
sion 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 com-
monly results in respiratory failure. Approximately 1-3%
of asthma exacerbations require intubation. In general,
these patients are extremely difficult to preoxygenate due
to a reduced functional residual capacity, and may be very
difficult to BMV as a result of severe airway obstruction.

The single most important intervention in a patient
with status asthmaticus and respiratory failure is early
control of the airway. RSI is the method of choice (per-
formed by the most experienced laryngoscopist), along
with preparation for rescue cricothyrotomy. When com-
pared with RSI, BNTI is more time-consuming, results in
greater O, desaturation, and has a higher rate of compli-
cation or failure.

Prior to intubation, allow patients to sit upright and pre-
oxygenate them to the greatest degree possible. Pretreat-
ment with lidocaine (1.5 mg/kg) suppresses coughing,
improves ETT tolerance and reduces bronchospasm.
Ketamine (1.5 mg/kg) is the induction agent of choice in
status asthmaticus as it stimulates the release of catecho-
lamines and produces bronchodilation.

Upon loss of consciousness, the patient should be laid
supine and intubated. The largest possible ETT should
be used to allow for aggressive pulmonary toilet. The
intubated asthmatic patient should then be paralyzed
and sedated to facilitate oxygenation and ventilation. Be
aware that a patient’s clinical condition may worsen after
intubation if they prove difficult to ventilate, develop a
tension pneumothorax or develop hypotension.

Increased intracranial pressure

The presence or suspicion of increased ICP directly
impacts the approach to RSI, as the techniques and
medications used may further increase the patient’s ICP.
There is a reflex sympathetic response to laryngoscopy
that results in a systemic release of catecholamines and
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Table 2.7 Pediatric airway equipment selection

Length (cm) and weight (kg) based pediatric equipment chart

Weight (kg)
Length (cm)

ETT size (mm)
Lip-tip length (cm)

Laryngoscope

Suction catheter
Stylet

Oral airway
Nasopharyngeal airway
Bag-valve device
Oxygen mask
Vascular access
Catheter/butterfly
Nasogastric tube
Urinary catheter
Chest tube

Blood pressure cuff

LMAT

Pink

6-7
60.75-67.75
3.5

10.5

1

Straight

8F

6F

50 mm

14F

Infant
Newborn
22-24/23-25
Intraosseous
5-8F

5-8 F
10-12F

Newborn/
infant

1.5

Red

8-9
67.75-75.25
3.5

10.5

1

Straight

8F

6F

50 mm

14F

Infant
Newborn
22-24/23-25
Intraosseous
5-8F

5-8F
10-12F

Newborn/
infant

1.5

Purple
10-11
75.25-85
4

12

1

Straight

8F

6F

60 mm

18F

Child
Pediatric
20-22/23-25
Intraosseous
8-10F
8-10F
16—20F
Infant/child

2

Yellow
12-14
85-98.25
45

135

2
Straight

8-10F

6F

60 mm

20F

Child
Pediatric
18-22/21-23
Intraosseous
10F

10F

20-24F
Child

2

White

15-18
98.25-110.75
5

15

2

Straight

10F

6F

60 mm

22F

Child
Pediatric
18—22/21-23
Intraosseous
10-12F
10-12F
20-24F
Child

2

Blue

19-23
110.75-122.5
HI5

16.5

2

Straight or
curved

10F

14F

70 mm

24 F

Child
Pediatric
18-20/21-23
Intraosseous
12-14F
10-12F
24-32F
Child

2-2.5

Juswabeuew Aemily

Orange
23-31
122.5-137.5
6 cuff

18

2

Straight or
curved

10F

14F

80 mm

26F
Child/adult
Adult
18-20/21-22

14-18F
12F
24-32F
Child/adult

2.5

Green
31-41
137.5-155
6.5 cuff
19.5

3

Straight or
curved

12F

14F

80 mm

30F

Adult

Adult
16-20/18-21

18F
12F
32—40F
Adult

3

Directions for use: 1. Measure patient length with centimeter tape, or with a Broselow tape. 2. Using measured length in centimeters or Broselow tape measurement, access
appropriate equipment column. 3. For endotracheal tubes, oral and nasopharyngeal airways, and laryngeal mask airways (LMAs), always select one size smaller and one size larger

than the recommended size, in addition to the recommended size.

tBased on manufacturer’s weight-based guidelines.

Mask size:
Patient size (kg):

1
upto 5

iES
5-10

2
10-20

2.5
20-30

8
Over 30

Permission to reproduce with modification from Lutten RC, Wears RL, Broselow J, et al. Ann Emerg Med 1992;21:900—4.



subsequently increased ICP. This response can be blunted
through the administration of fentanyl (3 mcg/kg), given
over 30-60 seconds during the pretreatment phase of RSI.
Laryngoscopy or any laryngeal stimulation (e.g., suction-
ing) may also increase ICP by a direct reflex mechanism
unrelated to this catecholamine surge. The administration
of lidocaine (1.5 mg/kg) during the pretreatment phase
effectively blunts this response.

The ideal induction agent should reduce ICP, main-
tain cerebral perfusion and provide some cerebral pro-
tective effect. Although sodium thiopental effectively
reduces ICP and confers a cerebroprotective effect, it is a
potent venodilator and negative inotrope that can induce
hypotension, a factor associated with significant mortal-
ity in head-injured patients. Etomidate (0.3 mg/kg) has
emerged as the induction agent of choice in patients
with increased ICP. It reduces ICP and confers cerebro-
protection in a manner similar to thiopental but provides
remarkable hemodynamic stability.

Suspected cervical spine injury

Inadvertent neck movement in a patient with an unsta-
ble cervical spine injury can lead to permanent neu-
rologic disability or death. As a result, many trauma
patients are transported to the ED in a stiff cervical col-
lar and immobilized to a backboard. Although immo-
bilization provides protection of the cervical spine, it
places the patient at risk for aspiration and ventilatory
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 manage-
ment and provides a false sense of security, as a single
view is inadequate to exclude injury to the cervical spine.
Numerous studies have shown that RSI with in-line

Figure 2.20
In-line immobilization of the cervical spine. © Chris Gralapp.

immobilization (Figure 2.20) is a safe, effective approach
for managing these patients. Paralyzing the patient
reduces the risk of patient movement during intuba-
tion and provides the best conditions for laryngoscopy.
Having a dedicated individual maintain immobilization
of the head and neck in the neutral position through-
out the procedure prevents neck hyperextension during
laryngoscopy.

Pearls, pitfalls and myths

e Learn to recognize objective signs of impending
airway compromise.

¢ Although 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 bag-mask ventilation is requisite for
airway management.

¢ Understand the 9 Ps of rapid sequence intubation.

e Prior to initiating RSI, prepare for intubation using
the mnemonic SOAP ME.

* Adequate preoxygenation may allow the
laryngoscopist several intubation attempts prior to
arterial O, desaturation.

® Select your pretreatment (LOA) 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.

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

e 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
BNTI.

¢ Every intubation should be assumed difficult,
and a back-up plan should be formulated prior to
proceeding. Success favors the prepared.

¢ Be familiar with the algorithms, devices and
techniques used for the failed airway.

® Pediatric airway equipment selection and drug
dosing is based on a child’s age, weight and length.

e 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

Brian Lin, Mp and Matthew Strehlow, MD

Scope of the problem

Emergency providers must be experts in the manage-
ment of all acutely ill patients. Among the most challeng-
ing patient management scenarios are victims of cardiac
arrest. Treating victims of cardiopulmonary arrest requires
critical thinking and immediate action. Appropriate and
timely interventions, both in the field and in the emer-
gency department (ED), can determine the difference
between meaningful recovery and death.

The greatest chance of survival after cardiac arrest occurs
when thereis (1) early recognition of warning signs, (2) timely
activation of emergency medical services (EMS), (3) rapid
initiation of basic cardiopulmonary resuscitation (CPR),
(4) appropriate defibrillation, and (5) initiation of advanced
cardiovascular life support (ACLS). Unfortunately, most
resuscitative efforts in patients experiencing cardiopulmo-
nary arrest are unsuccessful. Fewer than 6% of patients sur-
vive to hospital discharge, and approximately 450,000 die
annually in the United States from sudden cardiac arrest.

Pathophysiology

During cardiac arrest, cessation of blood flow rapidly leads
to cellular hypoxia and anaerobic metabolism. As toxic
metabolites accumulate within the cell, a cascade of events
potentiates tissue injury, including calcium release, gener-
ation of free radicals and activation of catabolic enzymes.
Damage to vital organ systems occurs rapidly. The brain
suffers irreversible injury within 5 minutes of arrest. Full
neurologic recovery rarely occurs in patients experiencing
greater than 10 minutes of untreated cardiac arrest.

Survival after cardiac arrest from ventricular fibrillation
(VF) or pulseless ventricular tachycardia (VT) decreases
approximately 7-10% for each minute a patient is not defi-
brillated. Immediate institution of basic CPR can reduce
this mortality rate by half. Properly performed CPR gen-
erates up to 30% of baseline cardiac output. The blood
circulated by properly performed chest compressions
can deliver just enough oxygen and metabolic substrate
to temporarily sustain the brain, heart and other vital
organs, and prolongs the time in which the myocardium
is responsive to defibrillation.

Principles of resuscitation

Preparation

Advanced preparation is a vital component of a well-run
resuscitation. The first step in this process is familiarity

with available resources, personnel and equipment that
should be “at the ready” for patient arrival. Most EDs
have specially designed “resuscitation” or “code” rooms
thatare larger than other patient care spaces. Resuscitation
rooms should have the capacity to accommodate ancil-
lary staff, nurses and other health care specialists assist-
ing with the resuscitation. Essential equipment such as
monitors, personal protective gear and procedure sets
must be easily accessible. The resuscitation team, espe-
cially the team leader, should be familiar with the layout
of the room and the location of emergency supplies.

ED resuscitation optimally starts prior to patient arrival.
The resuscitation commences upon notification that a criti-
cally ill patient is en route. The call from the EMS team
to the ED (the “ringdown”) alerts providers to important
patient and event details minutes prior to ambulance
arrival. When possible, emergency providers should listen
to the ringdown so they can advise EMS personnel regard-
ing time-sensitive interventions. The presence or absence
of vital signs and a description of the patient’s general
appearance and surroundings help the emergency physi-
cian determine if additional prehospital interventions are
indicated, or if a “scoop-and-run” approach is advanta-
geous. Listening to the ringdown also allows the EM pro-
vider to begin detailed planning prior to patient arrival. A
general preparation checklist is shown in Table 3.1. Some
patients may require additional items not listed below, and
ringdown information may not always be accurate.

Table 3.1 ACLS resuscitation room essential equipment list
Airway equipment
Bag-mask device

Airway adjuncts including nasopharyngeal and oropharyngeal
airways

Suction
Oxygen

Intubation equipment (several sizes of endotracheal tubes,
laryngoscope handle with several sizes of Macintosh and
Miller blades, stylet, 10-mL syringe, ETCO, detection device)

Monitoring/diagnostics

Cardiac, pulse oximetry, and quantitative capnography
monitors

Defibrillator with transcutaneous pads
12-lead ECG machine

Ultrasound

Intravenous access

IV kit with various gauge IV needles
Central IV access kit

Arterial line kit

Intraosseous needles and drill (if available)
IV pressure bags
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Assign team member roles

Assigning expected roles to each team member prior to
patient arrival is a key element of effective resuscitations
(Table 3.2). For example, designating a team member
responsible for high-quality CPR during resuscitation
allows that person to properly position him- or herself
prior to patient arrival; assigning a care provider respon-
sible for IV access prioritizes acquisition and priming of
the necessary equipment. Assigning roles also serves as a
crowd control measure, as the spectacle of resuscitation
attracts many staff members to the room. Although addi-
tional staff may want to help, they may be detrimental by
limiting space for others.

Whenever possible, team members should beaddressed
by name. If the physician leader does not know a team
member’s name, direct communication using identifying
information is preferred. For example, “Jason has been
performing chest compressions for several minutes. Can
you, in the blue scrub top, please take over chest compres-
sions after this cycle?”

Table 3.2 Roles of ACLS code team members

Resuscitation team leader
Basic airway management
Advanced airway management
CPR

IV access

Recorder

Medications

EMS handoff

The arrival of the patient with EMS providers can be a
time of chaos. There is a tendency for hospital providers
to want to rapidly initiate measures to assist the patient.
Although certain actions (e.g., safe gurney transfer,
monitor placement, continuation of chest compressions,
and airway and spinal cord protection) take priority, it
is helpful for the physician leader to listen to the para-
medics’ report as it often provides vital information.
Field providers may have spoken to family members or
witnesses who can recount historical information rel-
evant to the patient’s ongoing care. EMS providers may
also have documents such as physician orders for life-
sustaining treatment (POLST), other advanced resuscita-
tion directives, or contact information for a health care
proxy. Access to this information may guide the resusci-
tation. Finally, EMS providers can briefly and accurately
describe field interventions. This entire process allows
the emergency physician to transition into the role of
resuscitation team leader.

Team resuscitation approach

Physicians have traditionally taken an authoritarian role
in critical patient resuscitation. This outdated approach
may lead to breakdowns in trust and communication
within the care team, and ultimately may be detrimental

to the patient’s care. Although the emergency physician is
typically the team leader in a critical care situation, a suc-
cessful team leader recognizes the skill sets of each team
member, sets the tone by maintaining a calm demeanor,
and focuses on initiation of lifesaving interventions. He
may accomplish these goals by providing encouragement
to team members, giving direction, and keeping the room
calm. The care team looks to the team leader to set the
tone in critical situations. A physician who easily becomes
unnerved, loses his temper, or “freezes” in a code will
undermine the team’s trust, leading to disorganization.
The physician can improve his ability to function in this
manner through frequent, periodic review of ACLS proto-
cols; politely asking for quiet in the room at the beginning
and as needed during the resuscitation (speaking rather
than yelling); and sharing thoughts about the resuscita-
tion’s progress with the team.

Direct communication using simple terms is pivotal
to effective leadership in the code situation. The stress
of a critical situation can make it difficult to think and
act, and gentle direction will allow code team members
to accomplish their patient care goals simultaneously.
Furthermore, real-time feedback is important not just for
the immediate care of the patient, but for the education
and growth of each team member. Reinforcing a medical
student to “push hard, push fast” (to the beat of Stayin’
Alive) while he is performing chest compressions is more
effective than doing so later during a debriefing. It is also
important that the lead physician be genuinely open to
receiving feedback. Often, other team members may be
in a position to observe or identify interventions that
the physician might have overlooked. Prior to cessation
of resuscitative efforts, input from the entire resuscita-
tion team regarding additional or alternative approaches
should be sought.

Initial evaluation and management

A systematic approach to resuscitation allows for thor-
ough yet rapid assessment and care of the patient. The
most common approach follows the concept of the primary
and secondary surveys with adherence to basic life sup-
port (BLS) and ACLS protocols. In 2010, American Heart
Association (AHA) guidelines adapted the mmnemonic
C-A-B (compressions, airway, breathing) to facilitate
retention. Notably, the adaptation of the C-A-B sequence
is a change from previous BLS guidelines recommend-
ing an A-B-C approach for adult and pediatric patients.
This change is predicated on the observation that the
initial round of 30 chest compressions will delay a single
provider’s assessment of the airway by only 18 seconds.
In scenarios where limited providers are present, care
should progress sequentially — each assessment should
be followed by an appropriate intervention (i.e., correct-
ing any immediate life-threats) prior to proceeding to the
next step. When more than one provider is present, mul-
tiple interventions should be performed simultaneously
while maintaining a systematic approach. The primary
survey focuses on immediate life-threats. The secondary
survey follows, seeking to identify and correct emergent
but less immediate conditions.
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Primary survey

In the primary survey, the focus is on BLS, including CPR
and defibrillation:

Immediate actions

Circulation: Give chest compressions
Airway: Open the airway
Breathing: Provide positive-pressure ventilation

While C-A-B is in progress
Defibrillation: Identify and shock VF and pulseless VT

Note: Per 2010 AHA Guidelines, it is reasonable for health
care providers to tailor this approach to address the most
likely cause of arrest. For example, in newborns the ABC
approach is still preferred.

Circulation

Chest compressions are the rhythmic application of pres-
sure over the lower sternum, intended to create blood
flow by increasing intra-thoracic pressure and directly
compressing the heart. To correctly perform chest com-
pressions in an adult patient, the heel of one hand is
placed in the midline on the lower part of the sternum.
The other hand is placed on top of the first hand and the
fingers interlocked and kept off of the chest. The pro-
vider’s shoulders are positioned directly over the hands,
and the elbows locked. The sternum is depressed at least
2 inches and released, allowing time for full chest recoil
(Figure 3.1). The tag line “push hard and push fast” has
been coined to help correct the most common errors made
by CPR providers: delivering compressions too gently and
too slowly. Properly performed CPR can produce a systo-
lic blood pressure of 60 mmHg and deliver a small but
potentially life-sustaining amount of oxygen and energy
substrate to cerebral and myocardial tissues.

Figure 3.1
Proper hand position and compression technique for adult CPR.

Circulation assessment begins with checking for cen-
tral pulses at either the carotid or femoral arteries. A pro-
vider should spend no more than 10 seconds determining
the presence or absence of pulses to avoid delays in initi-
ating CPR. In the absence of a definite pulse, CPR is ini-
tiated. Notably, 2010 AHA guidelines de-emphasize the
importance of pulse checks even for health care providers

because assessment of central circulation can be diffi-
cult for anyone in the critical care setting. Furthermore,
the delivery of CPR in a non-cardiac arrest patient rarely
leads to serious injury.

In the adult patient, compressions are initiated at a rate
of at least 100 compressions per minute, with a depth of
at least 2 inches. Pediatric and neonatal advanced sup-
port guidelines recommend different compression-to-
ventilation ratios than adults, 15:2 and 3:1 respectively.
Recommended compression depth is at least one-third
of the anterior-posterior diameter of the chest, which
is approximately 2 inches in children and 1.5 inches in
infants. Once a definitive airway is established, com-
pressions should be continuous without pausing for
ventilations.

Asdelivery of effective chest compressions is paramount
to successful resuscitation, the resuscitation team leader
should pay careful attention to provider fatigue. The abil-
ity of a provider to deliver effective compressions dimin-
ishes after several CPR cycles. The provider performing
chest compressions should alternate approximately every
2 minutes, ideally switching out quickly (i.e., <5 seconds)
to minimize the interruption of CPR. The resuscitation
team leader generally should not assume the role of giving
compressions because the physical strain makes decision-
making and oversight of the code difficult.

Although the AHA continues to recommend compres-
sions coordinated with ventilations as the ideal BLS resus-
citation strategy, increasing recognition has been given to
cardio-cerebral resuscitation (CCR) in recent years. CCR
refers to compression-only CPR for the lay rescuer or sin-
gle care provider. Surveys of both lay rescuers and health
care providers show that many providers are reluctant to
give mouth-to-mouth rescue breaths to unknown cardiac
arrest victims, and thus are reluctant to intervene at all.
Numerous studies have demonstrated that outcomes are
improved in patients receiving chest compressions with-
out ventilations compared with those receiving no CPR.
It is hypothesized that some passive ventilation occurs
during chest recoil and occasional agonal gasps, and that
this small minute ventilation may be sufficient given the
limited circulation of blood in cardiac arrest patients.
Therefore, current AHA recommendations are for layper-
sons to perform compression-only CPR if they are unable
or unwilling to perform rescue breathing.

Airway

Initial survey of the airway focuses on ensuring airway
patency. Patency can be rapidly evaluated by asking the
patient to say his or her name. If the patient is able to ver-
balize, immediate airway management is unlikely neces-
sary. In patients who do not respond to questioning, the
gag reflex may be checked using a tongue blade or more
preferably a suction catheter. The lack of a strong gag
reflex implies inadequate airway protective mechanisms.
A patient in full respiratory arrest or with inadequate air-
way protection requires immediate intervention. In the
atraumatic, unconscious or obtunded patient, the airway
is most often compromised by the tongue, which tends
to fall posteriorly against the soft palate. Adjustment of
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the mandible using the head tilt-chin lift or jaw thrust
maneuver (if cervical spine injury is suspected) is often
sufficient to open the airway. Simple adjuncts such as the
nasopharyngeal airway (in the semi-responsive patient
who retains a gag reflex) or the oropharyngeal airway (in
the unresponsive patient who has no airway protective
reflexes) can greatly improve airway patency. Chapter 2
describes comprehensive airway and breathing assess-
ment and management.

Breathing

Most cardiopulmonary arrest victims will not breathe
spontaneously. However, in the peri-arrest period, ago-
nal respirations and occasional gasps may be observed.
Adequacy of respirations is determined by observation of
the chest for symmetric rise and fall and by auscultation
of the chest for bilateral air movement. In patients with
absent or inadequate respirations, delivery of two posi-
tive pressure ventilations by bag-mask device or mouth-
to-mouth with a protective barrier is indicated after the
first round of 30 chest compressions has been completed.
Successful bag-mask ventilation confirms airway patency
and may stimulate spontaneous breathing. If breathing
remains inadequate, additional supplemental breaths are
administered in an age-appropriate rate with chest com-
pressions until a definitive airway is established. Each

Adult Cardiac Arrest
Shout for Help/Activate Emergency Response

Start CPR
* Give oxygen
* Attach monitor/defibrillator

Return of Spontaneous
Circulation (ROSC)

2 minutes

Drug Therapy
VIO access
Epinephrine every 3-5 minutes

Amiodarone for refractory VE/VT

Consider Advanced Airway
Quantitative waveform capnography

Treat Reversible Causes

Yonitor cpm aud'

© 2010 American Heart Association

Figure 3.2

breath should be delivered over 1 second with adequate
volume to produce visible chest rise. Hyperventilation
should be avoided, as breaths that are too large, too force-
ful, or too frequent can be counterproductive. Providers
must remember that during CPR, pulmonary blood flow
is significantly reduced, such that matching ventilation to
perfusion may be accomplished with lower tidal volumes
and respiratory rates. Furthermore, forceful, high-volume
breaths may lead to increased intra-thoracic pressure,
decreased cardiac venous return and gastric insufflation.

Defibrillation

Defibrillation is the delivery of a current of electricity to
simultaneously depolarize the myocardium and termi-
nate a non-perfusing ventricular rhythm. The goal of defi-
brillation is to allow the sinus node or other myocardial
focus to resume pacing the heart, resulting in an organ-
ized perfusing rhythm. Defibrillation is the cornerstone
of treatment in victims of cardiac arrest experiencing VF
and pulseless VT (Figure 3.2). Patients in cardiac arrest
with pulseless electrical activity (PEA) or asystole do not
respond to defibrillation, as an organized rhythm already
exists in PEA and the myocardial cells are unresponsive
in asystole. In non-arrest patients with unstable tachycar-
dias, synchronized cardioversion (rather than defibrilla-
tion) is indicated (Figure 4.7).

CPR Quality

* Push hard (22 inches [5 cm]) and fast (=100/min) and allow complete
chest recoil

+ Minimize interruptions in compressions

* Avoid excessive ventilation

+ Rotate compressor every 2 minutes

+ If no advanced airway, 30:2 compression-ventilation ratio

* Quantitative waveform capnography
- If PETCO, <10 mm Hg, attempt to improve CPR quality

* Intra-arterial pressure
- If relaxation phase (diastolic) pressure <20 mm Hg, attempt to

improve CPR quality

Return of Spontaneous Circulation (ROSC)

* Pulse and blood pressure

* Abrupt sustained increase in PETCO, (typically 240 mm Hg)

* Spontaneous arterial pressure waves with intra-arterial monitoring

Shock Energy

= Biphasic: Manufacturer recommendation (120-200 J); if unknown,
use maximum available. Second and subsequent doses should be
equivalent, and higher doses may be considered.

* Monophasic: 360 J

Drug Therapy

+ Epinephrine IV/IO Dose: 1 mg every 3-5 minutes

* Vasopressin IV/IO Dose: 40 units can replace first or second dose
of epinephrine

+ Amiodarone IV/10 Dose: First dose: 300 mg bolus. Second dose: 150 mg.

Advanced Airway

» Supraglottic advanced airway or endotracheal intubation

* Waveform capnography to confirm and monitor ET tube placement
= 8-10 breaths per minute with continuous chest compressions

Reversible Causes

- Hypovolemia - Tension pneumothorax
- Hypoxia - Tamponade, cardiac

- Hydrogen ion (acidosis) - Toxins

- Hypo-fhyperkalemia - Thrombosis, pulmonary
~ Hypothermia - Thrombosis, coronary

2010 AHA Guidelines for CPR and ECC, Part 8: Adult Advanced Cardiovascular Life Support, Page S737, Figure 2.
ACLS Cardiac Arrest Circular algorithm. Reprinted with permission, 2010 American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care, Part 8: Adult Advanced Cardiovascular Life
Support. Circulation 2010;122[suppl 3]:S729-67 © 2010 American Heart Association, Inc.
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Early recognition and defibrillation of VF or pulse-
less VT coordinated with appropriate, high-quality CPR
provide the greatest opportunity for successful resuscita-
tion of a cardiac arrest patient. When defibrillation can
be successfully performed within the first minute or two,
as many as 90% of patients return to their pre-arrest neu-
rologic status. The longer the patient remains in cardiac
arrest, the more likely that defibrillation and resuscita-
tion will be unsuccessful. Survival rates are <10% when
defibrillation is delayed >10 minutes after a patient’s col-
lapse. CPR can improve the responsiveness of VF and
delay its degeneration to asystole, thus lengthening the
window of time during which successful defibrillation
may occur.

Because survival from VF or pulseless VT is exqui-
sitely time-sensitive, defibrillation in witnessed VF or
pulseless VT should preclude any other intervention.
Defibrillation should be attempted with a single shock
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 left mid-axillary line at the level of the
nipple (Figure 3.3). Firm pressure (approximately 25 1b)
should be applied to each paddle. Alternatively, “hands
off” defibrillator pads can be used that are placed on
the chest and the back, sandwiching the heart (Figure
3.4). CPR should be performed until the defibrillator is
charged and ready to deliver a shock. Immediately fol-
lowing all attempts at defibrillation, an additional five
cycles of CPR should be provided before performing a
pulse or rhythm check.

Defibrillators are available in two types of waveforms:
monophasic and biphasic. Although no survivability
superiority has been demonstrated between waveforms,
biphasic defibrillators require less energy and are rec-
ommended. Consequently, most recently manufactured
defibrillators are biphasic. However, many monopha-
sic defibrillators remain in use. As with other critical

Figure 3.3
Proper positioning of defibrillation paddles for adult patients.

APEX BACK
FRONT

Figure 3.4

Anterior placement for defibrillation pads. Alternatively, defibrillation
pads may be placed directly anterior and posterior to the heart,
when accessible.

resuscitation equipment, it is imperative to be familiar
with the specific defibrillator available to avoid unnec-
essary delays during resuscitations. The energy level for
each shock delivered by a biphasic defibrillator in treating
VE/pulseless VT should be as specified by the product
manufacturer. In the absence of knowledge of manufac-
turer recommendations, the maximal energy level should
be used.

The term automatic external defibrillator (AED) refers
to a sophisticated computerized device that incorporates
rhythm analysis and a shock advisory system. AEDs
are designed to recognize VF or VT and advise the user
whether or not to deliver an electric shock. The AED
will deliver a shock and hopefully convert a non-perfus-
ing rhythm to a perfusing one. Placing AEDs in public
access areas like airports, sports stadiums and 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 many emergency medical
systems.
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Secondary survey

The ACLS secondary survey focuses on advanced inter-
ventions and a search for the etiology of cardiopulmonary
arrest. It can be remembered using the C-A-B mnemonic.

Circulation: Continued delivery and monitoring of high quality
CPR

Airway: Definitive airway management as appropriate

Breathing: Confirmation of adequate ventilation

Defibrillation: Continued interval rhythm analysis and treatment

Other actions, as appropriate: |V access, ACLS medications,
IV fluids if suspicion of intravascular volume depletion

Airway

A definitive airway should be established, preferably
by endotracheal intubation. A correctly placed endotra-
cheal tube is the most effective method of ensuring ade-
quate ventilation, oxygenation and airway protection.
However, these benefits must be weighed against the
risks, the experience of the provider considered, and the
amount of interruption to chest compressions. As limited
evidence exists to guide the appropriate timing of defini-
tive airway management within the code situation, this
decision is at the resuscitation leader’s discretion.

Breathing

Following placement of a definitive airway, continu-
ous high-flow oxygen should be initiated and ventila-
tion evaluated by observing bilateral chest wall rise,
auscultating equal and bilateral breath sounds, and
identifying fog in the endotracheal tube on exhala-
tion. Quantitative end-tidal CO, monitoring devices
are recommended for correct endotracheal tube place-
ment confirmation. This method is more accurate and
allows for continual monitoring throughout the resus-
citation. A chest X-ray can help determine the location
of the tip of the endotracheal tube in relation to the
carina. If the patient was intubated in the prehospital
setting, visualization of tube location by direct laryn-
goscopy is advised. Movement of the patient during
transfer can dislodge a properly placed endotracheal
tube. Once the position of the definitive airway device
has been confirmed, breaths should be delivered at a

rate of one breath every 6-8 seconds (8-10 breaths per
minute) without pauses in chest compression.

Circulation

The “C” component of the secondary survey focuses on
continuing high-quality CPR along with rhythm recogni-
tion and management as dictated by ACLS guidelines.
The adequacy of CPR should be assessed frequently; fur-
ther monitoring through quantitative waveform capnog-
raphy and intra-arterial pressure monitoring should be
considered. Four cardiac rhythms may produce a pulse-
less arrest: VE, VT, PEA and asystole. ACLS divides man-
agement into those responsive to defibrillation (pulseless
VT and VF [Figure 3.5]) and those unresponsive to defi-
brillation (PEA and asystole). A patient’s cardiac rthythm
may change multiple times during resuscitation; provid-
ers must change treatment plans accordingly. Intravenous
(IV) access should be obtained by central venous cathe-
ter or two large-bore peripheral lines, and isotonic fluid
administered rapidly by bolus infusion. In the event IV
access cannot be obtained within 1-2 minutes, intraos-
seous (IO) access is recommended.

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

VF and pulseless VT are the most common underlying
rhythms of cardiac arrest (Figure 3.2). Initial defibrilla-
tion of these non-perfusing rhythms is addressed in the
primary survey. If VF and pulseless VT are refractory to
an initial attempt at defibrillation, IV/IO epinephrine
should be delivered for cardiac and blood pressure sup-
port. This should be repeated every 3-5 minutes until the
patient has a perfusing cardiac rhythm. Vasopressin may
be used as an alternative to epinephrine. In patients with
initial refractory VF or pulseless VT, the administration
of amiodarone, an antidysrhythmic medication, should
be considered. Lidocaine may be substituted if amiodar-
one is unavailable, though current guidelines recommend
the use of amiodarone. If the rhythm is determined to
be torsades de pointes, a specialized form of polymorphic
ventricular tachycardia, magnesium is recommended, as
it may terminate this dysrhythmia. Following each five
cycles of CPR (approximately 2 minutes), the rhythm and
perfusion should be reassessed and defibrillation per-
formed if indicated.

Mar 84 14:50:22 HR:180 SpO,---
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Figure 3.5

Rhythm strip of a patient with ventricular fibrillation (VF). 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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Pulseless electrical activity (PEA) and asystole

Pulseless patients in any cardiac rhythm other than VF or
VT are defined as having PEA. Asystole, a lack of myocar-
dial electrical activity, is generally considered an end-stage
rhythm and should be confirmed on cardiac monitor in at
least two leads. PEA and asystole are discussed together
as they are both unresponsive to defibrillation and follow
the same evaluation and treatment algorithm. Other car-
diac thythms such as tachycardias and bradycardias are
discussed in Chapter 4.

The key to successful treatment of PEA and asystole is
delivering high-quality CPR with minimal interruptions,
providing vasoactive medications, and, most importantly,
searching for the underlying etiology of the patient’s car-
diac arrest (Figure 3.2). During the resuscitation process,
a vigilant, systematic search by the treatment team for
reversible causes of cardiac arrest should be undertaken.
The most frequent causes are summarized by the “5 Hs
and 5 Ts” mnemonic: hypovolemia, hypoxia, hydrogen
ions (acidosis), hypo-/hyperkalemia, hypothermia, toxins,
tamponade (cardiac), tension pneumothorax, thrombosis
(coronary) and thromboembolism (pulmonary). The his-
tory, physical examination, diagnostic studies and man-
agement decisions should focus onidentifying and treating
these reversible causes of cardiopulmonary arrest.

History

Obtaining historical information about a patient in
cardiac arrest is often difficult; thus, the resourceful
physician must utilize alternative methods of data col-
lection. Information must be gathered from prehospital
providers, family, medical records, medication lists and
primary care physicians. Clues on the patient’s body
(wallet, ID bracelet, traumatic injuries, needle marks,
scars, dialysis shunts) must be identified. 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)? Ask whether the
patient was having any concerning symptoms prior to the
arrest such as chest pain, palpitations, or shortness of breath.

What has been the extent of the resuscitation
thus far?

Determine the patient’s initial cardiac rhythm and any sub-
sequent changes in rhythm throughout the resuscitation.
Ask which interventions have been made, such as defi-
brillation, airway intervention and medications, and the
patient’s response to them.

What is the patient’s medical history?

Concentrate on the patient’s cardiac history and risk fac-
tors for coronary artery disease. Heart disease is the most

common cause of dysrhythmias and sudden cardiac death.
Risk factors for pulmonary embolism, toxin exposure and
drug overdose should also be obtained. Familiarity with
the patient’s medical problems or medications can suggest
other possible causes of the cardiac arrest.

Historical information needs to be acquired in paral-
lel with the resuscitation. An alternative member of the
health care team may be assigned to search for clues if
the physician is unable to leave the bedside. Much of this
information may be obtained from family members. It is
important to ask questions in a concise but sensitive man-
ner. Communicate the critical nature of the situation while
providing reassurance that care is being provided and the
patient is not suffering. If appropriate, it is 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 organ systems and additional clues
suggesting a reversible cause of cardiac arrest. The physi-
cian should begin by reassessing the baseline rhythm and
vital signs, including a temperature. A quick head-to-toe
survey should concentrate on the findings listed in Table
3.3. Subsequent examinations focus on assessing for any
response and the potential complications of interventions.

Diagnostic studies

Diagnostic testing should focus on rapid evaluation of
the 5 Hs and 5 Ts. Continuous cardiac monitoring and a
12-lead electrocardiogram (ECG) are important to evalu-
ate for ST-segment elevation consistent with an acute
myocardial infarction, T-wave changes concerning for
hyperkalemia, or other ECG changes compatible with
various toxins.

Bedside laboratory testing is readily available for
hypoglycemia and, increasingly, for potassium abnormali-
ties (hypo-/hyperkalemia) and acidosis. An acidosis is
common in patients suffering cardiac arrest and less fre-
quently the primary cause. Determining and correcting the
underlying etiology of the acidemia is critical. In a patient
with spontaneous circulation on mechanical ventilation, the
arterial blood gas (ABG) can additionally guide ventilator
settings and ongoing resuscitation measures. Other labo-
ratory analyses to consider in the appropriate clinical situ-
ation include a hemoglobin level, cardiac markers, serum
and urine toxicologic screens, and other specific toxin lev-
els (such as aspirin). These test results are unlikely to return
during the initial resuscitation, so empiric therapy should
be initiated if clinical suspicion is high.

A chest radiograph is an important diagnostic study
that may help establish a definitive diagnosis in a patient
with cardiopulmonary arrest. It can also confirm correct
endotracheal tube, central access catheters and nasogas-
tric (NG) tube placement.
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Table 3.3 Physical examination findings indicating potential cause of cardiac arrest and complications of therapy

Physical examination Abnormalities

General Pallor
Cold
Airway Secretions, vomitus, or blood

Resistance to positive-pressure ventilation

Neck Jugular venous distention

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

Potential causes

Hemorrhage
Hypothermia

Aspiration

Airway obstruction
Tension pneumothorax
Airway obstruction
Bronchospasm

Tension pneumothorax
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
Ruptured ectopic pregnancy
Esophageal intubation

Gastric insufflation

Gastrointestinal hemorrhage

Aortic dissection
Hyperkalemia

Intravenous drug abuse

Smoke inhalation
Electrocution

Adapted from Marx J (ed). Rosen’s Emergency Medicine Concepts

The use of focused bedside ultrasonography in patients
with cardiac arrest is common. Ultrasound (US) can iden-
tify the presence or absence of cardiac activity in the pulse-
less patient. This information can be used to distinguish
asystole from VF, and confirm PEA. Furthermore, US can
assist with the rapid evaluation and determination of the
cause of cardiac arrest. Identification of a pericardial effu-
sion (cardiac tamponade), pneumothorax, focal cardiac
wall motion abnormality (myocardial infarction), dilated
right ventricle (pulmonary embolus), flattened inferior
vena cava (hypovolemia), and abdominal aortic aneu-
rysm (hypovolemia) provides critical information to the
care team. Finally, US can assist with the decision to cease
resuscitation efforts. A “silent” heart on bedside US is an
ominous finding, making recovery highly improbable.

and Clinical Practice. Mosby, St. Louis, MO, 2010.

General treatment principles

The cornerstone of treatment is quality BLS and ACLS.
Other therapies must focus on the rapid correction of
potential underlying causes of cardiacarrest. Hypovolemia
and hypoxia should be empirically addressed by the
administration of IV fluid and high-flow oxygen. Severely
hypothermic patients should be aggressively warmed
prior to termination of resuscitative efforts. If rapid test-
ing of potassium is unavailable and there is suspicion for
hyperkalemia, empiric therapy with calcium, bicarbo-
nate, glucose, insulin and beta agonists is appropriate.
The proper antidote should be administered prior to con-
firmation if the clinical scenario suggests toxin exposure.
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Empiric thrombolytic use is supported by existing guide-
lines if clinical suspicion is high for massive pulmonary
embolus. In rare circumstances, emergency percutaneous
coronary intervention (PCI) may be indicated. Otherwise,
appropriate supportive measures and interventions
should be employed as indicated based on the likely eti-
ology of the cardiac arrest.

Post-resuscitation care

Following return of spontaneous circulation (ROSC),
the resuscitation is far from over. The post-arrest patient
remains critically ill and continues to require aggressive
evaluation and management (Figure 3.6). The goals dur-
ing the post-cardiac arrest period are:

1. Optimize hemodynamic status and perfusion to vital
organ systems.

2. Institute measures to prevent recurrence.

3. Identify and definitively treat the underlying cause

of arrest.

Initiate therapeutic hypothermia.

5. Transfer the patient to an appropriate critical care
setting.

=

Initially, oxygenation and ventilation of the patient
should be optimized. Airway management includes
reconfirming tracheal intubation, obtaining a chest radio-
graph if not previously completed, and placing a nasogas-
trictube to decompress thestomach. Breathingmanagement
involves placing the patient on a ventilator and refining
their respiratory parameters. Data from the cardiopul-
monary examination, ABG and ETCO, measurements
can guide adjustments to ventilator settings. Circulation
management should entail reassessment of hemodynamic
status and monitoring. This includes measures to prevent
recurrence of hypotension, including IV fluid boluses and
vasopressor therapy as needed. A Foley catheter should
be placed and urine output recorded. Invasive monitor-
ing by arterial lines (BP), central venous catheters (central
venous pressure [CVP]), central venous oxygen saturation
(Scv02), and Swan-Ganz catheterization (CVP, mixed
venous oxygen saturation, pulmonary artery pressure,
pulmonary artery wedge pressure) should be considered,
although their true utility during ED management is con-
troversial. Further cardiovascular care includes a repeat
ECG searching for underlying abnormalities that place
the patient at risk for ventricular dysrhythmias. Finally,
it is reasonable to maintain infusions of any antidysrhyth-
mic previously given and thought to be of benefit.

Adult Immediate Post-Cardiac Arrest Care

1

s Ci

Doses/Details

Return of Spont

lation (ROSC)
Ventilation/Oxygenation

2 L

Avoid excessive ventilation.
Start at 10-12 breaths/min

* Do not hyperventilate

Optimize ventilation and oxygenation

= Maintain oxygen saturation 294%
* Consider advanced airway and waveform capnography

and titrate to target PETCO,
of 35-40 mm Hg.

When feasible, titrate Fio,
to minimum necessary to
achieve Spo, 294%.

IV Bolus

3 Y

1-2 L normal saline
or lactated Ringer's.
If inducing hypothermia,

* V/1O bolus
* Vasopressor infusion

* 12-Lead ECG

Treat hypotension (SBP <80 mm Hg)

* Consider treatable causes

may use 4°C fiuid.

Epinephrine IV Infusion:
0.1-0.5 meg/kg per minute
(in 70-kg adult: 7-35 mcg
per minute)

Dopamine IV Infusion:

; .« 3

5-10 meg/kg per minute
Norepinephrine

| Consider induced hypothermia

L[

Follow
commands?

i IV Infusion:
0.1-0.5 mcg/kg per minute
(in 70-kg adult: 7-35 mcg

6 v
7 Y

Yes

per minute)

Reversible Causes
- Hypovolemia

STEMI
Coronary reperfusion OR
high suspicion of AMI

- Hypoxia

- Hydrogen ion (acidosis)
- Hypo-/hyperkalemia

- Hypothermia

8 l ¥

No

- Tension pneumothorax
- Tamponade, cardiac
- Toxins

| Advanced critical care

- Thrombosis, pulmonary
- Thrombosis, coronary

© 2010 American Heart Association

Figure 3.6

2010 AHA Guidelines for CPR and ECC, Part 9: Post-Cardiac Arrest Care, Page S769, Figure. Post-
cardiac arrest care algorithm. Reprinted with permission, 2010 American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care, Part 9: Post-Cardiac Arrest Care.
Circulation 2010;122[suppl! 3]:S768—-86 © 2010 American Heart Association, Inc.
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Subsequent to hemodynamic stabilization, a thorough
search for additional history, meticulous physical exami-
nation, and careful review of all labs and studies should
be performed. Of particular note, glucose levels require
close monitoring, as untreated abnormalities may worsen
neurologic outcomes. Other organ systems should be
evaluated vigilantly, as the post-cardiac arrest patient is
at high risk for multiorgan dysfunction syndrome.

In the post-cardiac arrest patient who remains coma-
tose (unable to rouse and follow commands), therapeutic
hypothermia should be initiated. Cardiac arrest vic-
tims may benefit from induced hypothermia during the

post-resuscitation period. Improved outcomes and meta-
bolic end points have been observed in a number of early
studies, including both in- and out-of-hospital cardiac
arrest victims. The exact mechanism of action of induced
hypothermia and determination of those patients most
likely to benefit is unclear at this time. However, based on
existing data, many hospitals have instituted therapeutic
hypothermia protocols in patients who remain comatose
after initial resuscitation using specialized cooling blan-
kets, endovascular cooling catheters, cooled saline intra-
venous infusions and ice packs. Most protocols target
cooling to a core temperature of 32-34°C, but the optimal

Neonatal Cardiac Arrest

Birth ™
Term gestation?

Breathing or crying?

Yes, stay

with mother Routine care

o Provide warmth

Good tone?

No
L

* Clear airway if necessary
. Dry

* Ongoing evaluation

Warm, clear airway if necessary,
dry, stimulate

I No

¥

&
- ! HR below 100,

o gasping, or apnea?

|

I

I Yes

I Y

! PPV,

: Spo, monitoring
60 sec

-
- Labored breathing |
> or persistent
cyanosis?
\
Yes
Y

Clear airway Targeted Preductal Spo,

Spo, monitoring After Birth
FormderCeN 1 min 60%-65%
2 min 65%-70%
3min 70%-75%
HR below 1007 )N"— 4 min 75%-80%
5 min 80%-85%
10 min 85%-95%

corrective steps

Take ventilation I

No
( HRbelow 607 ]
i

Yes

Y

Consider intubation
Chest compressions
Coordinate with PPV

Take ventilation

corrective steps
Intubate if

no chest rise!

Y
{ HR below 60? ]
Y

Yes
Consider: U

* Hypovolemia I

* Pneumothorax IV epinephrine

Figure 3.7

© 2010 Amarican Heart Association

2010 AHA Guidelines for CPR and ECC, Part 15: Neonatal Resuscitation, Page S910, Figure. Newborn Resuscitation algorithm. Reprinted
with permission, 2010 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care,
Part 15: Neonatal Resuscitation. Circulation 2010;122[suppl 3]:S909-19 © 2010 American Heart Association, Inc.
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rate of cooling, target temperature and duration of ther-
apy has yet to be determined. Physicians and hospitals
not practicing therapeutic induced hypothermia should
note that permissive hypothermia, which often develops
naturally in the post-arrest victim, does not require treat-
ment, and factors contributing to hyperthermia (fever,
shivering) should be aggressively treated with antipyret-
ics, sedation and paralysis as needed.

Ultimately, admission or transfer to an intensive care
unit will be required for the care and further assessment
of post-cardiac arrest patients. Although it is common for
patients to remain comatose, requiring ventilatory support
during the immediate post-arrest period, it is very difficult

Pediatric Cardiac Arrest

Shout for Help/Activate Emergency Response

for clinicians to predict a patient’s neurologic outcome and
survival during this time. It may take 12-72 hours before
measurement of brainstem and cortical responses reveal
the patient’s true neurologic prognosis.

Ethical considerations

Withholding and termination of efforts

Deciding to withhold or terminate resuscitation efforts
can be a challenging decision for emergency providers.

Doses/Details

CPR Quality

* Push hard (=% of anterior-
posterior diameter of chest)
and fast (at least 100/min)
and allow complete chest

recoil

* Minimize interruptions in
compressions

* Avoid excessive ventilation

» Rotate compressor every
2 minutes

* If no advanced airway,
15:2 compression-
wventilation ratio. if advanced
airway, B-10 breaths per
minute with continuous
chest compressions

Shock Energy

Drug Therapy

* Epinephrine 10/1V Dose:
0.01 mg/kg (0.1 ml/kg of
1:10 000 concentration).
Repeat every 3-5 minutes.

cardiac amest, May repeat
up to 2 times for refractory
VF/pulseless VT.

intra-arterial monitoring
Reversible Causes
= Hypo
- Hypoxia
~ Hydrogen jon (acidosis)
= Hypoglycemia
12 s 1 ~ Hypo-/hy
= Hypothermia
+ Asystole/PEA — 10 or 11 [sowsorr | ~ Tension peumothorax
» Organized rhythm — check pulse - T cardiac
* Pulse pmm [H“St:} el - Toxins
post-cardiac arrest care ©2010 PP :‘l‘rrombosls. pulmonary

Figure 3.8

2010 AHA Guidelines for CPR and ECC, Part 14: Pediatric Advanced Life Support, Page S885,
Figure 1. PALS Pulseless Arrest algorithm. Reprinted with permission, 2010 American Heart
Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular
Care, Part 14: Pediatric Advanced Life Support. Circulation 2010;122[suppl 3]:S876—-S908 ©

2010 American Heart Association, Inc.
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Pediatric Bradycardia
With a Pulse and Poor Perfusion

Identify and treat underlying cause

* Maintain patent airway; assist breathing as necessary

* Oxygen

* Cardiac monitor to identify rhythm; monitor blood pressure and oximetry
* 10/IV access

* 12-Lead ECG if available; don't delay therapy

No Cardiopulmonary Cardiopulmonary
compromise Compromise
continues? )
* Hypotension
* Acutely altered mental status
+ Signs of shock
CPR if HR <60/min
with poor perfusion despite
4a ¥ oxygenation and ventilation
* Support ABCs
* Give oxygen
* Observe No
= Consider expert Bradycardia
consultation persists? Doses/Details
Epinephrine 10/IV Dose:
5 v Yes 0.01 mg/kg (0.1 mL/kg
of 1:10 000 concentration).
+ Epinephrine Repeat every 3-5 minutes.
* Atropine for increased vagal If 10NV access not available
tone or primary AV block but endotracheal (ET) tube
* Consider transthoracic pacing/ in place, may give ET dose:
transvenous pacing 0.1 mg/kg (0.1 mL/kg of
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Minimum dose 0.1 mg and
If pulseless arrest develops, go to Cardiac Arrest Algorithm maximum single dose 0.5 mg.
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Figure 3.9

2010 AHA Guidelines for CPR and ECC, Part 14: Pediatric Advanced Life Support, Page
S887, Figure 2. PALS Bradycardia algorithm. Reprinted with permission, 2010 American Heart
Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular
Care, Part 14: Pediatric Advanced Life Support. Circulation 2010;122[suppl 3]:S876—S908

© 2010 American Heart Association, Inc.

The care team must take into account the wishes of the
patient and family, their own desires to aid sick patients,
the likelihood of meaningful survival, and the need to
avoid unnecessary suffering and medically futile inter-
ventions. Unfortunately, when this decision is made in the
emergency setting, limited information about the patient
or their pre-arrest condition is typical.

For adult patients in cardiac arrest, it is generally
accepted that resuscitation efforts be withheld in patients
with a valid “Do Not Resuscitate” (DNR) order, signs
of irreversible death (rigor mortis, dependent lividity,
decapitation), and in whom no benefit is expected because
the patient’s condition has deteriorated despite maximal
therapy. In newborns, resuscitation should be attempted
unless extreme prematurity (gestational age <23 weeks or
birth weight <400 g) or congenital abnormalities predict
almost certain early mortality or extremely high morbid-
ity. In general, resuscitative efforts should be initiated for
all other patients.

Once attempts at resuscitation have been initiated, the
decision to terminate efforts can be even more difficult.

Emergency providers must weigh multiple factors, the
most important of which is the duration of cardiac arrest.
The chance of neurologic recovery and discharge from the
hospital alive diminishes as resuscitation time increases.
Available scientific studies have shown that prolonged
resuscitation efforts are unlikely to be successful in the
absence of ROSC at any time during 30 minutes of cumula-
tive ACLS. Other factors include historical elements pre-
dicting anoxic brain injury, such as pre-arrest state, time
until initiation of CPR and defibrillation, and initial arrest
rhythm. Additional elements, such as underlying comor-
bid illness, predict a patient’s ability to tolerate resuscita-
tive efforts with a meaningful outcome, but not reliably.
Studies in children and neonates show justification for ceas-
ing efforts if the patient shows no signs of life after 10 min-
utes of adequate resuscitation. Reversible causes of cardiac
arrest, such as drug overdose, electrolyte abnormalities or
profound hypothermia, should be taken into account when
considering termination of efforts. Treatment of these con-
ditions may improve the efficacy of the resuscitation effort
and the patient’s chances of survival.
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Pediatric Tachycardia
With a Pulse and Poor Perfusion

Identify and treat underlying cause
* Maintain patent airway; assist breathing as necessary
* Oxygen

* 10/1V access
* 12-Lead ECG if available; don't delay therapy

* Cardiac monitor to identify rhythm; monitor blood pressure and oximetry
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Following any resuscitation, a timely debriefing
should be conducted for as many members of the resusci-
tation team as possible. These are best lead by personnel
specifically trained in psychology, psychiatry, or critical
debriefing.

Involvement of the family

Traditionally, family members have not been present dur-
ing resuscitation. Because most resuscitations are unsuc-
cessful, providers generally assume that family members
do not wish to witness a loved one’s death. Additionally,
providers might fear families will misunderstand events,
interfere with resuscitations, and be more likely to pur-
sue litigation if death occurs. Experience and research
have demonstrated these assumptions to be incorrect.
Allowing selected family members to witness resuscita-
tion efforts may help the family accept their loss and aid
in their grieving process. The resuscitation care team must
be adequately prepared to provide real-time support to
the family members, including assigning a team member

Association, Inc.

to the family to offer simple explanations, answer ques-
tions and provide comfort. They should be seated if pos-
sible and positioned so as not to interrupt or delay critical
procedures. Providers should note that most family mem-
bers assume they are not allowed to be present, and will
remain outside the room unless invited in.

When all BLS and ACLS measures have been rea-
sonably attempted and the likelihood of survival is
minimal, resuscitation efforts should be discontinued.
Informing family members of the death of a loved one
is an extremely difficult yet critical responsibility faced
by emergency providers. Prior to such disclosure, family
members should be gathered in a quiet and private 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. Ask them their understanding of events
up to this point. Briefly relate the circumstances regarding
the resuscitation efforts, ending with the news that their
loved one is dead. Avoid terminology such as “passed

o

away,” “is gone,” or “in another place,” which may lead
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to confusion. Family will often want to know what, if any-
thing, they could have done to change the outcome. It is
important to reassure them that they did nothing wrong
and that their loved one did not suffer, if these are appro-
priate. Enlist the support of social services, clergy, or other
culturally appropriate personnel to assist with important
issues of autopsy, organ donation and viewing. Express
sympathy, answer questions and make sure that there is
reasonable social support before leaving.

Special patients

Pediatric

The evaluation and treatment of cardiopulmonary arrest
in the pediatric population is particularly challenging.
Unlike adults, pediatric cardiac arrests most commonly
result from respiratory causes. Recent guidelines, how-
ever, have increased emphasis on optimizing CPR and
circulation. Reduced familiarity with procedures as well
as anatomic issues (i.e., decreased size of structures)
make definitive airway management and vascular access
more challenging in pediatric patients. In addition, psy-
chosocial issues are generally more complex in these
patients. Neonatal advanced life support (NALS), pediat-
ric advanced life support (PALS) and advanced pediatric
life support (APLS) courses exist to teach these differ-
ences. The cardiopulmonary arrest algorithms are similar
between children and adults, although the energy of defi-
brillation and medication dosing are weight-based. The
Broselow tape, which bases a neonate’s or child’s weight
on their length, is an essential piece of equipment for
pediatric resuscitations. It has the appropriate medication
doses, equipment sizes and defibrillation energies listed
for the appropriate length (weight), and is color-coded.
Many EDs arrange pediatric resuscitation equipment by
these colors in order to make the proper equipment more
readily accessible during resuscitation. Although detailed
discussion of these scenarios is beyond the scope of this
chapter, the algorithms for neonatal and pediatric resusci-
tations are provided (Figures 3.7-3.10).
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4 Cardiac dysrhythmias

Swaminatha V. Gurudevan, MD

Scope of the problem

Cardiac dysrhythmias are an important first manifesta-
tion of cardiovascular disease. Heart disease is the lead-
ing single cause of death in the United States, accounting
for 25.4% of all deaths. A total of 435,687 Americans died
of coronary heart disease in 2005, amounting to approxi-
mately one death every 60 seconds. Even more striking
was the fact that nearly half of these deaths occurred
before the patient reached a hospital. Most of these were
sudden deaths, usually resulting from ventricular fibril-
lation. Despite the strong link between cardiac dysrhyth-
mias and cardiovascular disease, rhythm disturbances
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 malignant dysrhyth-
mias. The appropriate identification of the rhythm dis-
turbance 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: tachydysrhyth-
mias, bradydysrhythmias, and disorders of conduction.
The 2010 Advanced Cardiovascular Life Support (ACLS)
guidelines place a great emphasis not only on identifica-
tion of the rhythm disturbance, but also on recognition of

Sinoatrial node

Right atrium

Atrioventricular
node

Right bundle
branch

Right ventricle

Figure 4.1

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 domi-
nant pacemaker of the heart, the sinoatrial (SA) node
(Figure 4.1). The SA node is located at 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 parasympathetic fibers from
the vagus nerve and sympathetic 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 endocardium directly
above the insertion of the septal leaflet of the tricuspid
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Left anterior
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The cardiac conduction system. Copyright © 2000, General Electric.
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Components of the electrocardiogram. Copyright © 2000, General Electric.

valve. On the electrocardiogram (ECG), atrial depolari-
zation is represented 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 inad-
equate 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 depo-
larization 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 0.20 seconds. 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 conducting Purkinje
fibers. The bundle divides in the muscular interventricu-
lar septum into two major branches: the left and right
bundle branches, which innervate the left and right ven-
tricles (LV and RV), respectively. The left bundle branch
divides into the left anterior and left posterior fascicles.
Ventricular conduction and depolarization through the
His-Purkinje system are represented on the surface ECG
by the QRS complex. Normal QRS width is 0.06-0.1 sec-
onds. Widening of the QRS complex beyond 0.12 seconds

represents ventricular conduction delay, which can occur
as a result of bundle branch blocks, aberrant conduction,
electrolyte abnormalities, drugs affecting the myocardium,
or rthythms that originate in the ventricular myocardium.
Infranodal tissue does not have parasympathetic inner-
vation, an important consideration when administering
anticholinergic drugs such as atropine. Atropine will not
improve a conduction block that originates below the
AV node in the His-Purkinje system, and may actually
worsen it.

Ventricular repolarization

Repolarization of the ventricular myocardium is repre-
sented by the T wave. Mechanical contraction typically
follows depolarization through excitation—contraction
coupling and fractional shortening of cardiac myocytes.
The QT interval, which represents ventricular depolariza-
tion 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 QTc is less than 0.47 seconds.
Prolongation of the QT interval can occur secondary
to drug effects, electrolyte abnormalities and congeni-
tal abnormalities. A prolonged repolarization period
increases the “vulnerable period” of the ventricle, dur-
ing 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 60-100 beats per minute. Bradycardia
is defined as a heart rate less than 60 beats per minute,
whereas tachycardia is defined as a heart rate greater than
100 beats per minute.
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History

The history is the most important component in the eval-
uation of a patient with a cardiac dysrhythmia. Patients
with cardiac dysrhythmias may complain of palpitations,
or the sensation of a rapid or irregular heart rhythm. They
may notnotice the abnormal heart rhythm and may instead
complain of chest pain, shortness of breath, lightheaded-
ness, 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 bradydysrhythmia.
Alternatively, ischemia can cause both tachydysrhythmias
and bradydysrhythmias. In fact, sudden death from unstable
tachydysrhythmias such as ventricular fibrillation (VF) and
ventricular tachycardia (VT) represent the leading cause of
out-of-hospital death from cardiac causes and is the most com-
mon initial presenting symptom of CAD in the United States.
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 extremity edema may
suggest underlying LV dysfunction, which would increase the
risk of sudden death from ventricular tachydysrhythmias.

Did you feel lightheaded or dizzy, or lose
consciousness?

Syncope is an important finding, as it portends a poorer prog-
nosis in patients with either tachydysrhythmias or bradydys-
rhythmias, mandating an aggressive work-up to exclude a
dysrhythmogenic cause of syncope. Cerebral hypoperfusion
from lack of cardiac output is the mechanism of cardiogenic
syncope; cerebral hypoperfusion can also manifest as a sei-
zure 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 palpitations, it is
crucial to know how long these symptoms last (seconds,
minutes, or hours). How many times a day or week do
they occur? During the work-up of a cardiac dysrhyth-
mia, it is important to correlate the presence of the dys-
rhythmia with concomitant clinical symptoms — chest
pain, shortness of breath, or presyncope/syncope. The
frequency of symptom occurrence may dictate the type of
monitoring device (Holter or event monitor) to use when
planning an outpatient work-up.

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, CHF, and primary dysrhythmias are
recurrentillnesses, it is important to identify those patients

with a prior history of CAD or CHE, as these patients may
be more likely to manifest certain dysrhythmias. Valvular
heart diseases such as mitral stenosis and mitral regurgi-
tation can predispose to atrial tachydysrhythmias. Atrial
fibrillation, AV nodal reentrant tachydysrhythmias and
ventricular tachydysrhythmias can have a relapsing and
remitting course, and often recur. Certain dysrhythmias,
especially atrial fibrillation and VT, can occur following
cardiac surgery. These rhythm disturbances have a differ-
ent management and prognosis in this setting.

Do you have a pacemaker or implanted defibrillator?

Pacemakers are typically implanted for symptomatic
bradydysrhythmias such as sinus bradycardia, 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
pacemaker. 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 program-
mable (R). Biventricular pacemakers employed for cardiac
resynchronization therapy (CRT) in heart failure patients
have a third lead in the coronary sinus that allows for syn-
chronized pacing of the LV and RV.

Implantable cardioverter defibrillators (ICDs) are more
common today given recent clinical trials demonstrating
their effectiveness in preventing sudden death in certain
patients. These include patients with CAD and LV dys-
function, patients with prior episodes of VT, or patients
resuscitated after 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 memory that
can be interrogated by the pacemaker company repre-
sentative or a skilled cardiologist. This information can
be extremely helpful in the analysis of a current or recent
dysrhythmia, and can serve as a “continuous telemetry
box” for the patient. The patient typically carries a card
with the pacemaker company and the model; a company
representative is generally available 24 hours a day to
interrogate the pacemaker if necessary.

Are you taking cardiac, non-prescription, herbal
or alternative medications? What about illicit
substances?

Medications and drug interactions are an important
cause of bradydysrhythmias, tachydysrhythmias and
conduction system disorders. Beta-blockers (atenolol,
metoprolol, carvedilol) and calcium channel blockers
(verapamil, diltiazem) can be negatively chronotropic
and contribute to bradydysrhythmias and conduction
system disorders. Digoxin toxicity can be responsible for
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bradydysrhythmias, conduction system disturbances and
tachydysrhythmias by increasing the parasympathetic
tone at the SA and AV nodes and by increasing automatic-
ity in the ventricular myocardium. Antihistamines, neu-
roleptics and gastrointestinal (GI) medications such as
metoclopramide can prolong the QT interval and thereby
predispose to ventricular tachydysrhythmias. Herbal
medications such as ephedra (Ma Huang) or jimson-
weed tea can have sympathomimetic or anticholinergic
effects, respectively. Excessive caffeine intake can have a
sympathomimetic effect and can shorten the refractory
period in the slow pathway of the AV node, predispos-
ing one to AV nodal reentrant tachycardia (AVNRT).
Sympathomimetic drug abuse (cocaine, crystal metham-
phetamine) usually causes tachydysrhythmias. Injection
drug use can contribute to the development of infectious
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
atrialtachydysrhythmias, especiallymultifocal atrial tachy-
cardia (MAT). Inhaled beta-agonists and anticholinergic
agents used to treat chronic obstructive pulmonary dis-
ease (COPD) and asthma can contribute to tachydysrhyth-
mias as well. Renal failure can contribute to hyperkalemia,
which may cause heart blocks and bradydysrhythmias,
and worsens digoxin toxicity. Hypocalcemia from chronic
renal failure can cause prolongation of the QT interval.
Hypothyroidism can present with significant sinus brady-
cardia. 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 have both X-linked and
autosomal dominant inheritance, whereas hypertrophic
cardiomyopathy is an autosomal dominant condition.
Certain hereditary conditions such as Brugada syndrome
predispose 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 stable or unstable? A patient is clini-
cally unstable if they have evidence of end-organ hypo-
perfusion as a direct result of the dysrhythmia. This may

be manifested as severe chest pain, hypotension due to
myocardial ischemia, or respiratory failure with pulmo-
nary edema. Patients who are clinically unstable require
immediate aggressive, focused management of their dys-
rhythmia, including medications, cardioversion, defibril-
lation or pacing according to ACLS guidelines. Patients
who are clinically stable can be evaluated and treated in a
more methodical fashion.

Vital signs

Is the patient hypertensive or hypotensive? The abso-
lute blood pressure may be deceiving, and compar-
ing the current blood pressure with previous 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 85/50 mmHg 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
reflect 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
hypoperfusion.

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 dissocia-
tion, 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 or midaxillary line can
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occur with progressive LV dilation and failure. Palpate
for an RV parasternal heave, which can reflect RV fail-
ure. Next, auscultate the heart, listening for the regular-
ity of rhythm, the loudness and splitting of S1 and S2,
and systolic or diastolic murmurs. Atrial fibrillation is
most commonly associated with an irregularly irregular
rhythm. A left bundle branch block can cause S2 to be
paradoxically split (A2 will come after P2, and inspira-
tion 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 and high filling
pressures. Mitral stenosis and aortic insufficiency have
distinct diastolic murmurs, whereas aortic stenosis and
mitral regurgitation have systolic murmurs. Finally,
assess the quality of the pulses and evaluate capillary
refill.

Chest and lungs

Look for a midline sternotomy scar that may reflect prior
cardiac surgery. Inspect for accessory muscle use for
breathing. Pulmonary rales or wheezes may reflect vol-
ume overload and LV failure. Percuss the chest wall for
dullness and listen for decreased breath sounds; these
findings 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 significant 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 investigation 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 evalu-
ation of a patient with a cardiac rhythm disturbance.
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 per-
formed to evaluate the cardiac silhouette, assess for pul-
monary 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 considered in all patients in whom myocardial
ischemia is suspected. CK-MB begins to rise 4 hours after
myocardial injury, but is not always specific for myo-
cardial 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 treatment 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 I are likely to have myo-
cardial damage.

Electrolytes

A stat serum electrolyte panel should be obtained in
every patient with a new cardiac dysrhythmia. In partic-
ular, 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 rapidly.
Hyperkalemia predisposes the patient to bradydysrhyth-
mias 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 ventricular 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 ECG. Hypocalcemia may prolong the QT interval,
whereas hypercalcemia can result in shortening of the
QT interval. Serum magnesium levels are also impor-
tant, as levels influence the body’s potassium homeosta-
sis. Hypomagnesemia can cause prolongation of the QT
interval and predispose a patient to torsades de pointes.

Thyroid function tests

A serum thyroid-stimulating hormone (TSH) should be
obtained in patients with new onset atrial fibrillation
or inappropriate sinus tachycardia. If the TSH is abnor-
mal, 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 available dur-
ing a patient’s emergency department course, they are of
use to the physician who admits the patient or sees the
patient in follow-up.
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Drug levels

A digoxin level should be obtained in patients taking this
medication. Digoxin toxicity should be suspected if the
patient presents with symptomatic bradycardia, high-
grade AV block, atrial tachycardias with block or bidi-
rectional 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 blood tests should
be ordered as discussed.

First, assess for the presence of serious signs or symp-
toms due to the bradydysrhythmia. These include hypo-
tension, impaired tissue perfusion or any alteration in

sensorium. If present, treatment should be initiated
immediately.

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

If symptomatic bradycardia persists, the next medi-
cation to administer is IV dopamine at the beta-receptor
dosing range of 2-10 mcg/kg/min. 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.
IV epinephrine, a beta-predominant sympathomimetic
agent, may be necessary at an infusion rate of 2-10 mcg/
kg/min. Isoproterenol is no longer part of the 2010 ACLS
guidelines (Figure 4.3).

If serious signs and symptoms of bradycardia persist
despite appropriate medical therapy, transcutaneous pac-
ing should be initiated with preparations for urgent tem-
porary transvenous pacemaker placement.

Adult Bradycardia

(With Pulse)

Assess appropriateness for clinical condition.
Heart rate typically <50/min if bradyarrhythmia.

2 v

Identify and treat underlying cause
* Maintain patent airway; assist breathing as necessary
* Oxygen (if hypoxemic)

* |V access
* 12-Lead ECG if available; don't delay therapy

* Cardiac monitor to identify rhythm; monitor blood pressure and oximetry

Persistent bradyarrhythmia
4 causing:
Monitor and observe

No | « Hypotension?

= Acutely altered mental status?
* Signs of shock?
-

Ischemic chest discomfort?

Atropine

Consider:

= Expert consultation
+ Transvenous pacing

Figure 4.3

Doses/Details
Atropine IV Dose:
First dose: 0.5 mg bolus
Repeat every 3-5 minutes
Maximum: 3 mg
Dopamine IV Infusion:
2-10 mcg/kg per minute

Epinephrine IV Infusion:
2-10 mcg per minute

Bradycardias. bpm: beats per minute; ABCD: Airway, Breathing, Circulation, Defibrillation.
Reproduced with permission, ACLS Provider Manual, © 2010 American Heart Association.
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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 negatively chronotropic medica-
tions (beta-blockers, calcium channel blockers, digoxin,
amiodarone and clonidine). Sinus bradycardia can also be
seen early in the course of an acute inferior wall myocar-
dial infarction, triggered by parasympathetic stimulation
known as the Bezold—Jarisch reflex.

Sinus bradycardia should only be treated if there are
associated symptoms. Elimination of reversible aggra-
vating factors is an essential first step in management.
This includes discontinuing negatively chronotropic
medications and considering administration of reversal
agents (IV glucagon for beta-blockers, IV calcium
gluconate for calcium channel blockers, and Digoxin
Immune Fab for digoxin). If the symptoms persist
despite discontinuation of all bradycardia-aggravating
medications or if the medications are essential to the
patient’s overall management, permanent pacemaker
placement is indicated. Patients with an inappropriate
sinus bradycardia should be investigated to rule out
myocardial ischemia, significant hypothyroidism, adre-
nal insufficiency, overmedication, or certain uncommon
infectious diseases.

Ectopic atrial rhythm or wandering atrial pacemaker

This dysrhythmia is caused by an ectopic atrial focus dis-
tinct from the sinus node that represents the dominant
sinus rhythm. On the ECG, ectopic P waves are recog-
nized 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 pace-
maker. These rhythms do not have clinical significance,
and no specific treatment is required unless warranted by
symptoms.

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 conduct to the atria. On the ECG, P waves are
typically absent. The most common factors that predis-
pose 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 usually narrow-
complex rhythms at 45-60 beats per minute, whereas
escape rhythms originating from the His—Purkinje system
are wide-complex with a rate of 30-45 beats 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 abnormalities in
cardiac impulse formation and AV conduction that mani-
fest as combinations of tachydysrhythmias and bradydys-
rhythmias. It is also referred to as tachy-brady syndrome.
Most patients present to the emergency department
with symptomatic bradydysrhythmias and a history of
episodic palpitations. The ECG manifestations include
SA block and sinus or atrial bradycardia with bursts of
an atrial tachydysrhythmia (usually atrial fibrillation).
Treatment of this syndrome is directed towards the spe-
cific manifestation of the syndrome — either augmentation
of rate with atropine if the patient has bradycardia, or rate
control of an atrial tachydysrhythmia with a beta-blocker,
calcium channel blocker or digoxin. One must exercise
caution with these agents, as they may lead to exces-
sive tachycardia or bradycardia. In the long term, most
patients require a permanent pacemaker for support dur-
ing 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 conduction through the atria, AV node,
or His—Purkinje system.

First-degree AV block is defined as prolonged AV con-
duction 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 sub-
types based on the ECG appearance and the underlying
pathophysiology.

Type | second-degree

Type 1 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 lengthen-
ing 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 refractory period of the AV node, and there-
fore 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 infe-
rior wall myocardial infarction, and occasionally requires
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Figure 4.4

Second-degree AV block, Mobitz type |. From Da Costa D, Brady WJ, Edhouse J.
Bradycardias and atrioventricular conduction block. Br Med J 2002;324(7336):535-8.

Printed with permission.
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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—

8. Printed with permission.

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):535-8. Printed with permission.

temporary pacing in this setting. In the majority of cases,
however, it is asymptomatic and requires no treatment.

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 com-
plete 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 base-
line first-degree AV block reflecting underlying conduc-
tion system disease. Patients with this form of AV block
can present with symptomatic bradydysrhythmias or syn-
cope. 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 known as 2:1 block and
is characterized by two P waves for every QRS complex.
The location of the block cannot be determined with cer-
tainty based on the ECG alone, as it may represent a 2:1
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 independent of the other. This phenomenon is also
termed AV dissociation. With third-degree AV block, a
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secondary pacemaker below the AV node assumes con-
trol and produces an escape rhythm. This escape pace-
maker 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
march through the strip. In addition, there are visible
QRS complexes with a constant RR interval that also
march through. As there is AV dissociation, and the atria
and ventricles beat independent 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 dissociation),
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 reversi-
ble 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, endocarditis 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 stabilization
of the airway, breathing and circulation should occur rap-
idly. IV access should be obtained, the patient should be
placed immediately on a cardiac monitor, and a 12-lead
ECG should be performed and reviewed. Stat serum elec-
trolytes should be ordered as dictated.

First, assess for the presence of serious signs or symp-
toms due to the tachydysrhythmia. These include hypo-
tension, impaired tissue perfusion, chest pain, hypoxemia,
other signs of worsening myocardial ischemia, or altered
sensorium. If there are serious signs and symptoms, treat-
ment should be initiated immediately, as determined by
current ACLS guidelines (Figure 4.7).

Adult Tachycardia
(With Pulse)

Assess appropriateness for clinical condition.
Heart rate typically >2150/min if tachyarrhythmia.

Y

Identify and treat underlying cause

* Maintain patent airway; assist breathing as necessary

* Oxygen (if hypoxemic)

* Cardiac monitor to identify rhythm; monitor blood
pressure and oximetry

W

L
Persistent tachyarrhythmia | a

Doses/Details

Synchronized Cardioversion

Initial recommended doses:

* Narrow regular: 50-100 J

* Narrow irregular: 120-200 J biphasic
or 200 J monophasic

* Wide regular: 100 J

* Wide irregular: defibrillation dose
(NOT synchronized)

Adenosine IV Dose:
First dose: 6 mg rapid IV push; follow

causing:

* Hypotension? Yes
* Acutely altered mental status? >

Synchronized cardioversion
* Consider sedation
* If regular narrow complex,

with NS flush.
Second dose: 12 mg if required.

* Signs of shock? e rEer e Antiarrhythmic Infusions for
* Ischemic ches_t discomfort? Stable Wide-QRS Tachycardia
i aialo s Procainamide IV Dose:
20-50 mg/min until arrhythmia
5 No » |V access and 12-lead ECG suppressed, hypotension ensues,
"_\ if available QRS duration increases >50%, or
| Wide QRS? Yes | « Consider adenosine only if maximum dose 17 mg/kg given.
20.12 second “|  regular and monomorphic Maintenance infusion: 1-4 mg/min.
* Consider antiarrhythmic infusion Avoid if prolonged QT or CHF.
* Consider expert consultation Arslacirane IV Dose:

7 ¥

* |V access and 12-lead ECG if available
* Vagal maneuvers

* Adenosine (if regular)

* [(-Blocker or calcium channel blocker
* Consider expert consultation

Figure 4.7

First dose: 150 mg over 10 minutes.
Repeat as needed if VT recurs.
Follow by maintenance infusion of

1 mg/min for first 6 hours.

Sotalol IV Dose:
100 mg (1.5 mg/kg) over 5 minutes.
Avoid if prolonged QT.

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, © 2010 American Heart Association.
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Figure 4.8

RP'<P'R

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. N Engl J Med 1995;332(3):162—73. Printed

with permission.

Management of specific tachydysrhythmias

Tachydysrhythmias can be best understood by group-
ing them broadly into two categories: narrow-complex
tachydysrhythmias (defined as those with a QRS duration
less than 120 milliseconds) and wide-complex tachydys-
rhythmias (QRS duration greater than 120 milliseconds).
Narrow-complex tachydysrhythmias are best understood
when grouped into those that are reqular, with a relatively
constant RR interval, and those that are irreqular, with a
highly variable RR interval. The regular narrow-complex
tachydysrhythmias include sinus tachycardia, paroxys-
mal atrial tachycardia (PAT), AV nodal reentrant tachy-
cardia (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 ventricular
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 100-160 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
exception 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 myocardial 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 chil-
dren 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 characterized by a
heart rate of 100-160 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.

No specific therapy is indicated for PAT. It occurs in
association with underlying electrolyte disturbances,
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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
dysrhythmias 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 path-
ways then travels retrograde up the other pathway, caus-
ing depolarization of the 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), whereas in the remainder of cases, the impulse
travels down the slow pathway 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.

Sinus rhythm

/N A

PN

A

Electrocardiogram P

Figure 4.9

Orthodromic AVRT

Treatment of AVNRT is predicated on temporarily
interrupting the reentrant circuit, or converting the unidi-
rectional block to a bidirectional block. This can be accom-
plished 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 radiofrequency catheter
ablation of the slow pathway.

Atrioventricular reentrant tachycardia (AVRT)

AVRT involves a macro-reentrant circuit including the
AV node and a coexistent accessory pathway of conduc-
tion from the atria to the ventricles (Figure 4.9). In 90%
of cases, the impulse starts in the atria and travels ante-
grade down the AV node, then retrograde up the acces-
sory pathway (referred to as orthodromic AVRT) before
depolarizing the atrium again. In the remaining 10% of
cases, the impulse travels antegrade down the accessory
pathway, then retrograde through the His-Purkinje sys-
tem and the AV node (referred to as antidromic AVRT)
before depolarizing the atria. On the ECG, orthodromic
AVRT appears as a regular narrow-complex tachycar-
dia with inverted retrograde P waves appearing after
the QRS complex. Antidromic AVRT, however, appears
as a wide-complex tachycardia given the antegrade
conduction down the accessory pathway. Retrograde P
waves are sometimes visible, so this dysrhythmia may be

Antidromic AVRT

%
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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. N Engl J Med 1995;332(3):162—-73. Printed with

permission.
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mistaken for VI. AVRT can also be treated with adeno-
sine or calcium channel blockers, which block conduc-
tion through the AV node and break the macro-reentrant
circuit. 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 origi-
nates. 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 regu-
lar ventricular response rate despite underlying atrial
fibrillation should raise the suspicion of digoxin toxic-
ity causing complete AV block with a junctional escape
pacemaker.

Atrial fibrillation

Atrial fibrillation is characterized by chaotic, disorgan-
ized depolarization of the atria with multiple impulses
from the atrial tissue (Figure 4.10). Mechanically, there
is no effective contraction 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 100-180 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
fibrillatory waves. The ventricular response rate is almost
always irregular.

Atrial fibrillation usually occurs in the setting of under-
lying heart disease, with systemic hypertension being the
most common coexistent condition. Other associated con-
ditions include valvular heart disease (especially mitral
stenosis) and ischemic heart disease. It can be triggered
by extracardiac conditions as well, including thyrotoxi-
cosis, underlying infection or pulmonary embolism. The
immediate hemodynamic consequence of atrial fibrilla-
tion is the loss of the atrial contribution (called the “atrial
kick”) to diastolic filling of the LV. This should not signifi-
cantly affect individuals with a normal heart, as diastolic
filling in a normal ventricle results predominantly from

relaxation of the ventricular myocardium. However, some
patients with systolic 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 fill-
ing. This can be accomplished with beta-blockers, calcium
channel blockers or digoxin. However, if atrial fibrillation
with pre-excitation is suspected, these agents are con-
traindicated. In such cases, they can accentuate conduc-
tion through the accessory pathway by prolonging the
AV nodal refractory period. In clinically unstable patients
manifesting hypotension, worsening cardiac ischemia,
acute pulmonary edema or alteration in sensorium, the
treatment of choice is immediate synchronized direct cur-
rent (DC) cardioversion.

Due to the disorganized atrial contraction associated
with this dysrhythmia, atrial fibrillation predisposes indi-
viduals to thrombus formation in the left atrial append-
age. Accordingly, atrial fibrillation 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 undergo-
ing elective DC cardioversion. If atrial fibrillation has
been present for less than 48 hours, DC cardioversion or
chemical cardioversion (with agents such as amiodarone,
procainamide or ibutilide) can be performed without
anticoagulation, provided that post-cardioversion antico-
agulation is given. An alternative approach is to screen
patients for thrombus with transesophageal echocardiog-
raphy (TEE). If the TEE shows no evidence of thrombus,
cardioversion can be performed without pre-procedural
anticoagulation, but post-cardioversion anticoagulation
should still be administered for 3 weeks if atrial fibrilla-
tion has been present for more than 48 hours.

All patients with atrial fibrillation should be referred
for elective echocardiography to evaluate their left atrial
size and LV systolic function, and should have a TSH
level drawn to exclude underlying thyrotoxicosis. The
decision to place a patient on long-term anticoagula-
tion for atrial fibrillation is made based on the patient’s
risk factors for stroke, which can be determined using
the CHADS, scoring system. One point is assigned for a
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Figure 4.10

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

Br Med J 2002;324(7340):776-9. Printed with permission.
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Figure 4.11

Atrial flutter. From Goodacre S, Irons R. ABC of clinical electrocardiography: atrial
dysrhythmias. Br Med J 2002;324(7337):594—7. Printed with permission.

history of congestive heart failure (C), one point for a his-
tory of hypertension (H), one point for age greater than
75 years (A), one point for diabetes mellitus (D), and two
points for a prior stroke or TIA (S). Patients with a total
CHADS,; score of 2 or greater have the greatest benefit
from anticoagulation and should be treated with war-
farin. Any decision regarding whether to place an atrial
fibrillation patient on anticoagulation should be made by
the patient’s primary care physician and cardiologist after
a detailed discussion with the patient.

Atrial flutter

Atrial flutter is characterized by a macro-reentrant dys-
rhythmia 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 variable
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.

Atrial flutter is commonly associated with underlying
heart disease, such as ischemic heart disease or dilated
cardiomyopathy. It is considered to have the same patho-
logic 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 calcium channel blocker. In
unstable patients or patients with refractory atrial flutter,
synchronized 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
hypomagnesemia, 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 fibrillation, patients greater than 70 years
of age, patients with prior thromboembolism or patients
with structurally abnormal hearts based on their CHADS,
score. Atrial flutter is curable through radiofrequency
catheter ablation, so these patients should be referred to a
cardiologist for further evaluation.

Multi-focal atrial tachycardia (MAT)

MAT occurs when there are numerous ectopic atrial foci
that simultaneously depolarize, producing at least three
different P-wave morphologies, a narrow QRS complex
(unless a coexistent bundle branch block is present), varia-
ble 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 manifestation of theo-
phylline toxicity. Fortunately, it is seldom life-threatening.
Treatment should be directed primarily at the underlying
chronic lung disease, although judicious use of calcium
channel 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 sporadic, intermittent fashion that inter-
rupts the patient’s underlying sinus rhythm (non-sustained
VT), or as a consistent, uninterrupted wide-complex rhythm
(sustained VT). Itis typically regular or only slightly irregu-
lar. VT is almost always associated with underlying struc-
tural heart disease, and is therefore more common in older
patients. It can have a single reentrant focus as the nidus
for the dysrhythmia (imonomorphic VT) or multiple reentrant
foci (polymorphic 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 work-up for possible
cardiac ischemia and admission to a coronary care unit.
Perhaps the most challenging aspect of cardiac rhythm
analysis is the differentiation of VT from supraventricular
tachycardia (SVT) with aberrant conduction. Although 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 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
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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.

Figure 4.13

Monomorphic and polymorphic ventricular tachycardia. From Edhouse J, Morris F. Broad complex tachycardia — Part I.

Br Med J 2002;324(7339):719-22. Printed with permission.

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.

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.
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
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Figure 4.14

Capture beat. From Edhouse J, Morris F. Broad complex tachycardia — Part |. Br
Med J 2002;324(7339):719-22. Printed with permission.
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Figure 4.15

Fusion beat. From Edhouse J, Morris F. Broad complex tachycardia — Part I. Br Med
J 2002;324(7339):719-22. Printed with permission.

Figure 4.16

Supraventricular tachycardia (SVT) with aberrant conduction. From Edhouse J,
Morris F. ABC of clinical electrocardiography: broad complex tachycardia — Part II. Br
Med J 2002;324(7340):776-9. Printed with permission.

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 that 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. However, a useful general
principle is to treat any wide-complex QRS rhythm as VT
until proven otherwise, especially if the patient is clini-
cally unstable, has known structural heart disease or has
had a previous MI.

Treatment of VT depends on the stability of the patient.
Unstable patients require immediate DC cardioversion.
Pulseless VT is treated as ventricular fibrillation, with
immediate defibrillation. Stable patients can be treated
with IV antidysrhythmic medications such as amiodar-
one, procainamide or lidocaine. Serum electrolytes should
be drawn in all patients, and hypokalemia and hypomag-
nesemia should be corrected if present.

Supraventricular tachycardia (SVT) with aberrant
conduction

Any of the previously discussed narrow-complex tachy-
dysrhythmias can be accompanied by aberrant conduc-
tion (Figure 4.16). This can be either a left or right bundle
branch block pattern. The following criteria suggest a
supraventricular rhythm with aberrancy rather than VT:

1. Abundle 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, whereas VT typically does not)

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 electri-
cal cardioversion.
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Figure 4.17

Torsades de pointes. From Edhouse J, Morris F. ABC of clinical electrocardiography: broad complex tachycardia —
Part Il. Br Med J 2002;324(7340):776-9. Printed with permission.

Torsades de pointes

Torsades de pointes (“twisting of the points”) is a special
type of polymorphic VT that arises in patients with preex-
isting prolongation of the QT interval (Figure 4.17). It is a
wide-complex tachycardia with an undulating amplitude
that varies above and below the baseline. Its rate varies
from 180-250 beats per minute. Prolongation of the QT
interval can occur as a result of the prodysrhythmic effects
of numerous drugs, including quinidine, procainamide,
ibutilide, amiodarone, sotalol, phenothiazines, certain
antihistamines and tricyclic antidepressants. Electrolyte
abnormalities such as hypomagnesemia, hypokalemia
and hypocalcemia can cause prolongation of the QT inter-
val as well.

Treatment of torsades de pointes is aimed at interrupt-
ing the ventricular rhythm and restoring 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 aggres-
sively corrected. In more stable patients, other treatment
options include IV isoproterenol and overdrive pacing of
the ventricle. Some clinicians empirically administer IV
magnesium sulfate to treat this condition.

Atrial fibrillation with pre-excitation

This is a special case of atrial fibrillation in which con-
duction occurs antegrade down a pre-existing bypass
tract (Figure 4.18a and 4.18b). As there is no inherent
refractory period in bypass tract tissue unlike in the AV
node, ventricular response rates are usually much higher.
On the ECG, there is a wide-complex, irregular tachycar-
dia with a rate ranging from 150-300 beats per minute.
Delta waves (which may be seen on previous ECGs), a
previous history of Wolff-Parkinson-White (WPW) syn-
drome, or irregular and short R-R intervals that reflect
heart rates as fast as 300 beats per minute 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 cardio-
vert the patient to sinus rhythm without slowing con-
duction through the AV node. Unstable patients should
undergo synchronized electrical cardioversion. Patients

who manifest this rhythm should be referred to a cardi-
ologist 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 that occurs at
a rate of 40-100 beats per minute (Figure 4.19). It is char-
acterized 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 pacemaker may be the only func-
tioning pacemaker in the heart, and suppressing it with
antidysrhythmics such as lidocaine can lead to asystole.

Pearls, pitfalls and myths

¢ 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.

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

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

e 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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Figure 4.18

(a) Atrial fibrillation where conduction occurs antegrade down a preexisting bypass tract, producing an irregular,
wide-complex tachycardia. (b) Following cardioversion, the short P-R interval and delta waves are visible,
consistent with Wolff-Parkinson-White syndrome.
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Figure 4.19
Accelerated idioventricular rhythm. From Edhouse J, Morris F. Broad complex
tachycardia — Part |. Br Med J 2002;324(7339):719-22. Printed with permission.
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5 Severe sepsis and septic shock

Emanuel P. Rivers, MD, MPH, IOM

Anja Kathrin Jaehne, Mp and Gilbert Abou Dagher, MD

Scope of the problem

Of the 120 million patients presenting to the Emergency
Department (ED) in the United States per year, over 600,000
(2.9%) carry a diagnosis of severe sepsis and septic shock.
The overall hospital mortality for sepsis, severe sepsis and
septic shock is 15%, 20% and 45%, respectively. Sepsis is
responsible for 210,000 deaths (9%) per year in the United
States. By comparison, 180,000 persons die of acute myo-
cardial infarction and 200,000 die of lung or breast cancer
annually. Many patients with severe sepsis and septic shock
present to the ED, where long delays before transfer to an
intensive care unit (ICU) bed may occur. Sepsis is the most
expensive diagnosis among patients admitted to hospitals,
accounting for over $50 billion in health care resource con-
sumption each year. It is because of these aforementioned
factors that the ED has become a focal point for sepsis diag-
nosis and treatment. Appropriate therapy during the first
6 hours of sepsis management can improve outcomes in
one of every six patients presenting with the disease.

Anatomic essentials

A series of pathogenic events are responsible for the
transition from simple infection or sepsis to severe

© © Microbes

sepsis and septic shock. When an organism enters the
body, the reaction is a systemic response that creates a
systemic inflammatory response syndrome (SIRS). This
reaction may be self-limited or may create a general-
ized systemic response (Figure 5.1). SIRS is the result
of a release of pro- and anti-inflammatory mediators.
There is also a release of apoptotic proteins and an acti-
vation of the coagulation cascade. These processes can
lead to malignant microvascular injury and thrombo-
sis. Diffuse endothelial disruption follows, resulting in
impaired tissue oxygenation. Furthermore, there is an
imbalance between oxygen delivery and oxygen con-
sumption. When organ dysfunction accompanies this
response, severe sepsis begins. Global tissue hypoxia
and cytopathic (cellular) hypoxia develops, leading
to multiple organ dysfunction and irreversible shock
(Figure 5.2).

Physiology of systemic oxygen transport
and utilization

In order to diagnosis and treat early sepsis, a basic under-
standing of oxygen transport physiology is required.
Oxygen is delivered to the tissues as a product of cardiac
output and oxygen content (which is a product of hemo-
globin oxygen saturation and hemoglobin). After oxygen
is extracted at the tissue level, the remainder returns to
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Figure 5.1

Microbial trigger of local or systemic inflammatory response. With permission
from Expert Review in Molecular Medicine, Cambridge University Press 2008.
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Figure 5.2

Infectious cascade. From Nguyen HB, Rivers EP, Abrahamian FM, et al. Severe sepsis and septic shock:
Review of the literature and emergency department management guidelines. Ann Emerg Med 2006;48:

28-54. Used with permission.

the venous circulation. The product of systemic oxygen
delivery and the percentage of oxygen extracted (normally
25%) by the tissues is the systemic oxygen consumption.
The balance between systemic oxygen delivery and con-
sumption is reflected by the mixed venous hemoglobin
oxygen saturation (SvO,). Global tissue hypoxia results
when there is an inability of systemic oxygen delivery to
meet the oxygen requirements (i.e., consumption) of the
tissues, resulting in lactic acidosis (Figures 5.3A, B).

Cardiovascular insufficiency and global
tissue hypoxia

The development of cardiovascular insufficiency and
resulting global tissue hypoxia is one of the most impor-
tant events in the initial hours leading to morbidity and
mortality. Global tissue hypoxia (or oxygen deprivation),
which can occur prior to the development of hypoten-
sion, results in further endothelial activation and general-
ized inflammation. Global tissue hypoxia develops from
multiple mechanisms that contribute to cardiovascular
insufficiency (Figure 5.4). These mechanisms include

(1) hypovolemia (decreased preload); (2) vasoregulatory
dysfunction (hypotension); (3) myocardial depression;
(4) increased metabolic demands; and (5) impaired tissue
oxygen utilization resulting from microcirculatory dys-
function and cytopathic hypoxia.

History

To diagnose severe sepsis/septic shock as early as pos-
sible, it is necessary to identify historical, clinical and
laboratory findings that increase the risk of infection
and illness severity. Risk factors for sepsis include age
<1 year or >65 years, malnutrition, hypothermia, ind-
welling catheter use, previous endotracheal intubation/
mechanical ventilation, aspiration, chronic illness (e.g.,
diabetes, renal failure, hepatic failure, AIDS, alcoholism),
high-risk behavior (intravenous drug use), chemother-
apy and immunosuppressive drugs, surgery or invasive
procedures (Figure 5.5). The elderly are particularly at
high risk.
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Figure 5.5

Risk factors for sepsis. From Girard TD, Opal SM, Ely EW. Insights into severe
sepsis in older patients: From epidemiology to evidence-based management.
Clin Infect Dis 2005;40:719-27. Used with permission.

Physical examination

Table 5.1 Physical examination

Temperature

Heart rate

SBP
DBP

Pulse pressure
Pulsus paradoxus
MAP

Shock index

Central nervous
system

Skin
Cardiovascular
Respiratory
Splanchnic organs
Renal

Metabolic

The hallmark finding of infection is fever. Elderly patients tend to have lower temperatures than younger adults.
Any oral temperature above 37.5°C or 99.0°F should be considered a fever in the elderly. Hypothermia (i.e.,
temperature < 36°C or 96.8°F) is associated with the presence of severe infection. Hyperthermia or hypothermia
may be present.

Usually elevated. However, paradoxical bradycardia can be seen in patients with preexisting cardiac disease or
those on beta-blockers. Increased heart rate variability is associated with poor outcomes.

May actually increase slightly when cardiac contractility increases in early shock before falling as shock advances.

Correlates with arteriolar vasoconstriction and may rise early in shock before falling when cardiovascular
compensation fails.

SBP minus DBP, related to stroke volume and rigidity of the aorta. Increases early in shock and decreases
before systolic pressure.

The change in SBP with respiration. The rise and fall in intrathoracic pressure affects cardiac output. This can
be seen in asthma, cardiac tamponade and severe cardiac decompensation.

DBP + (SBP — DBP)/3. The relationship between cardiac output and vascular resistance.

Shock index = HR/SBP. Normal = 0.5 to 0.7. The shock index is related to left ventricular stroke work in acute
circulatory failure. A persistent elevation of the shock index (>1) indicates impaired left ventricular function (as a
result of blood loss and/or cardiac depression) and carries a high mortality rate.

Acute delirium or brain failure, restlessness, disorientation, confusion and coma secondary to decrease in
cerebral perfusion pressure (MAP falls below intracranial pressure). Patients with chronic hypertension may be
symptomatic at normal blood pressures.

Pallor, pale, dusky, clammy, cyanosis, sweating, altered temperature and decreased capillary refill.

Neck vein distention or flattening, tachycardia and dysrhythmias. An S3 may result from high-output states.
Decreased coronary perfusion pressures can lead to ischemia, decreased ventricular compliance and increased
left ventricular diastolic pressure.

Tachypnea, increased minute ventilation, increased dead space, bronchospasm, hypocapnia with progression
to respiratory failure and ARDS.

lleus, gastrointestinal bleeding, pancreatitis, acalculous cholecystitis and mesenteric ischemia can occur from
low flow states.

Reduced GFR. Renal blood flow redistributes from the renal cortex toward the renal medulla, which may cause
acute renal failure. Paradoxical polyuria can occur in sepsis, which may be confused with adequate hydration status.

Respiratory alkalosis is the first acid—base abnormality seen; as shock progresses, metabolic acidosis occurs.
Hyperglycemia, hypoglycemia and hyperkalemia may occur.

ARDS: adult respiratory distress syndrome; DBP: diastolic blood pressure; GFR: glomerular filtration rate; HR: heart rate; MAP: mean
arterial pressure; SBP: systolic blood pressure.
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Table 5.2 Clinical sepsis definitions
Systemic Inflammatory Response Syndrome (SIRS)
The systemic inflammatory response to a wide variety of severe clinical insults, manifested by two or more of the following conditions:
1. Temperature >38°C or <36°C
2. Heart rate >90 beats/min
3. Respiratory rate >20 breaths/min or PaCO, <32 mmHg
4. White blood cell count >12,000/uL or <4,000/uL, or >10% immature (band) forms

Sepsis — The systemic inflammatory response to infection. The diagnosis of sepsis requires the presence of at least two SIRS criteria
plus an infection. Signs of infection include an inflammatory response to the presence of microorganisms or the invasion of a normally
sterile host tissue by those organisms.

Severe Sepsis/SIRS — Sepsis (SIRS) associated with organ dysfunction, hypoperfusion or hypotension. Hypoperfusion and perfusion
abnormalities may include, but are not limited to, lactic acidosis, oliguria or an acute alteration in mental status.

Sepsis (SIRS) — Induced Hypotension — A systolic blood pressure <90 mmHg or a reduction of >40 mmHg from baseline in the
absence of other causes for hypotension.

Septic Shock/SIRS Shock — A subset of severe sepsis with hypotension despite adequate fluid resuscitation along with the presence of
perfusion abnormalities that may include, but are not limited to, lactic acidosis, oliguria or an acute alteration in mental status. Patients
receiving inotropic or vasopressor agents may no longer be hypotensive by the time they manifest hypoperfusion abnormalities or organ
dysfunction, yet they would still be considered to have septic (SIRS) shock.

Multiple Organ Dysfunction Syndrome (MODS) — Presence of altered organ function in an acutely ill patient such that homeostasis
cannot be maintained without intervention.

From Bone RC, Balk RA, Cerra FB, et al. American College of Chest Physicians/Society of Critical Care Medicine Consensus
Conference: Definitions for sepsis and organ failure and guidelines for the use of innovative therapies in sepsis. Chest
1992;101:1644-55. Reproduced with permission.

Diagnostic testing

Table 5.3 Diagnostic adjuncts for sepsis

General variables Fibrinogen
Fever (core temperature >38.3°C) CRP (if available)
Hypothermia (core temperature <36°C) IL-6 (if available)
HR >90/min or >2 SD above the normal value for age Procalcitonin, Protein C
Tachypnea Hemodynamic variables
Altered mental status Arterial hypotension (SBP <90 mmHg, MAP <70, or an SBP
Significant edema or positive fluid balance (>20 mL/kg over 24 hrs) gggease >40 mmHg in adults or >2 SD below normal for

Hyperglycemia (plasma glucose >120 mg/dL or 7.7 mmol/L) in
the absence of diabetes
Inflammatory and hematologic variables
Leukocytosis (WBC count >12,000 p/L) Organ dysfunction variables
Leukopenia (WBC count <4000 /L) Arterial hypoxemia (PaO,/FiO, <300)

Acute oliguria (urine output <0.5 mL/kg/hr or 45 mmol/L for
at least 2 hrs)

Mixed venous oxygen saturation (SvO, >70%)
Cardiac index >3.5 L/min/m?

Normal WBC count with >10% immature forms

Déhle’s bodies, toxic granulation and vacuoles Creatinine increase >0.5 mg/dL

Coagulation abnormalities (INR >1.5 or aPTT >60 secs)
lleus (absent bowel sounds)

Thrombocytopenia (platelet count <100,000/uL)
Hyperbilirubinemia (plasma total bilirubin >4 mg/dL or

Plasma CRP >2 SD above the normal value
Plasma procalcitonin >2 SD above the normal value
Hemoconcentration (dehydration)
Thrombocytopenia

D-dimer platelet 70 mmol/L)

PT Tissue perfusion variables

PTT Hyperlactatemia (>2 mmol/L)
D-dimer Decreased capillary refill or mottling
Fibrin degradation products Low bicarbonate level

Elevated anion gap

aPTT: activated partial thromboplastin time; CRP: C-reactive protein; FiO,: fraction of inspired Oxygen; HR: heart rate; IL-6: interleukin 6;
INR: international normalized ratio; MAP: mean arterial blood pressure; PaO,: partial pressure of Oxygen; PT: prothrombin time;

PTT: partial thromboplastin time; SD: standard deviation; SBP: systolic blood pressure; SvO,: mixed venous oxygen saturation; WBC:
white blood cell.
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Differential diagnosis

Patients presenting with undifferentiated sepsis may be
challenging. Mental status changes, syncope, acute bron-
chospasm, diffuse joint and muscle pain, or abdominal
pain can be general presentations or complaints. A broad
differential diagnosis should be maintained, with prepa-
ration for an early and aggressive therapeutic approach.

Risk stratification

New scoring systems should be developed to accom-
modate the spectrum of severity from the ED to the ICU,
or current systems should be recalibrated to this end.
ED-specific scoring systems should consider ease of
use and bedside availability, shorter time frame of data
collection and comparability with existing scores. The
MEDS score (Table 5.4), specifically developed for use
in the ED, is designed to identify ED patients at risk for
infection and categorize them based on mortality risk.
In developing the MEDS score, independent predictors
of mortality for ED patients were determined. These
are terminal illness, tachypnea or hypoxia, septic shock,
platelets <150,000/ mm?, bands >5%, age >65 years, lower
respiratory infection, nursing home resident, and altered
mental status. The MEDS score may prove to be useful
in identifying patients who will benefit from aggressive
intervention.

Table 5.4 Mortality in Emergency Department Sepsis (MEDS) score

General treatment principles

Early hemodynamic optimization

A goal-directed hemodynamic resuscitation of severe
sepsis/septic shock includes a systematic approach to res-
toration of systemic oxygen delivery through a manipula-
tion of preload (volume), afterload (blood pressure), and
contractility (stroke volume) in order to preserve effective
tissue perfusion while avoiding excessive increases in
myocardial oxygen consumption (i.e., avoiding tachycar-
dia and maintaining coronary perfusion pressure). When
this is performed within the first 6 hours of disease pres-
entation, outcomes are improved. Specifically, patients are
managed by (1) fluid resuscitation with either crystalloid
or colloid to achieve a central venous pressure (CVP) goal
of 8-12 mm Hg; (2) vasoactive agents to achieve a mean
arterial pressure (MAP) goal of 65-90 mmHg; (3) blood
transfusion to a hematocrit >30%; (4) inotrope therapy;
and (5) intubation, sedation and paralysis as necessary
to achieve a ScvO, of 270% as measured by intermittent
or continuous central venous monitoring. Early goal-
directed therapy (EGDT) should be employed as the first
means of resuscitation, with simultaneous prioritization
of appropriate empiric antimicrobials and source control.

Hemodynamic monitoring

Optimal titration of fluids and vasoactive therapy is
performed more objectively with invasive monitoring.

Variable Odds ratio 95% ClI Points

Terminal illness (<30-day predicted mortality due to 6.1 (3.6-10.2) 6
underlying illness — e.g., end-stage CA, AIDS)

Tachypnea (RR >20) or hypoxia (Pox <90%) 2.7 (1.6-4.3) 3

Septic shock (SBP <90 mmHg after fluid challenge) 2.7 (1.2-5.7) 3

Platelets <150,000/mm?3 2.5 (1.5-4.3) 3

Bands 5% 2.5 (1.5-3.5) 3

Age >65 years 2.2 (1.3-3.6) 3

Lower respiratory infection 1.9 (1.2-3.0) 2

Nursing home resident 1.9 (1.2-3.0) 2

Altered mental status 1.6 (1.0-2.5) 2

Mortality estimates

Mortality risk Points Mortality

Very low 04 0.9%

Low 5-7 2%

Moderate 8-12 7.9%

High 13-15 20%

Very high >15 50%

MEDS score used to identify ED patients with suspected infection at increased risk of death. Mortality estimates are determined using a

point system derived from the clinical variables.

AIDS: acquired immune deficiency syndrome; CA: cancer; Cl: confidence interval; Pox: pulse oximetry; RR: respiratory rate; SBP:

systolic blood pressure.
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Table 5.5 Summary of rationale and recommendations for the ED management of an adult patient with severe sepsis or septic shock

Therapy
First 6 hours
Cultures
Timely and appropriate therapy
Source control

Hemodynamic assessment and risk
stratification

Early goal-directed therapy

Significance

Obtain appropriate cultures from all potential sources prior to antimicrobial treatment.
Administration of antimicrobials within 3 hours of ED arrival.

Early detection of the site of infection, drainage, debridement or removal of devitalized
infected tissue or infected devices.

Check lactate level. Administer minimum of 20 mL/kg of crystalloid (or colloid equivalent).
For hypotension not responding to volume resuscitation, vasopressors are employed to
maintain mean arterial pressure >65 mmHg.

Within 6 hours of presentation, patients are managed by:
(1) Fluid resuscitation to achieve a CVP goal of 8—-12 mmHg
2) Vasoactive agents to achieve a MAP of 65-90 mmHg

Corticosteroids

Subsequent 24 hours
Low-tidal volume mechanical ventilation

Recombinant human activated protein C

()
(3) Blood transfusion to a hematocrit >30%
(4) Inotrope therapy, and then sedation, paralysis, and intubation as necessary to achieve

an ScvO, of >70%.

Administer low-dose steroids (50 mg of hydrocortisone every 6 hours) after adequate
resuscitation in patients who remain on vasopressors.

Maintain inspiratory plateau pressure <30 cm H,O for patients requiring mechanical

ventilation. The tidal volume may be decreased to as low as 4 mL/kg if necessary.

drotrecogin alfa (activated)

Glucose control

Maintain glucose control greater than or equal to the lower limit of normal, but <150 mg/dL.

Consider for patients with severe sepsis or septic shock with APACHE Il scores >25.

ACTH: adrenocorticotropic hormone; APACHE: Acute Physiology and Chronic Health Evaluation; CVP: central venous pressure;
MAP: mean arterial pressure; ScvO,: central venous oxygen saturation.

Table 5.6 Empiric antimicrobial recommendations for adult ED patients with severe sepsis and septic shock

Sepsis Source
Unknown source

Community-acquired
pneumonia

Urinary tract infection

Skin and soft tissue
infection/necrotizing
infection

Meningitis

Intra-abdominal/
pelvic infection

Recommended Antimicrobial Regimen
(standard adult dosing)

Vancomycin® 1 g IV Q 12 hrs and
levofloxacin® 750 mg IV Q 24 hrs and
gentamicin® 7 mg/kg IV Q 24 hrs

Vancomycin® 1 g IV Q 12 hrs and
levofloxacin® 750 mg IV Q 24 hrs and
gentamicin® 7 mg/kg IV Q 24 hrs (if recent
hospitalization/nursing home residence or
bronchiectasis)

Piperacillin/tazobactam* 3.375 g IV Q 6 hrs
and gentamicin® 7 mg/kg IV Q 24 hrs

Vancomycin® 1 g IV Q 12 hrs and piperacillin/
tazobactam* 3.375 g IV Q 6 hrs and
clindamycin 900 mg IV Q 8 hrs

Vancomycin' 1 g IV Q 12 hrs and ceftriaxone
2g1VQ 12 hrs (and ampicillin2 g IV Q 4 hrs
if immunocompromised or elderly) after
dexamethasone 10 mg IV Q 6 hrs

Piperacillin/tazobactam* 3.375 g IV Q 6 hrs
and gentamicin® 7 mg/kg IV Q 24 hrs

Comments

Consider abdominal/pelvic imaging if physical
examination, chest radiograph and urinalysis do not
reveal an infection source.

Consider Pneumocystis carinii pneumonia treatment in
AIDS patients and obtain an echocardiogram to evaluate
endocarditis with septic emboli in intravenous drug users.

Complicated urinary tract infections may be caused

by Enterococcus species, Pseudomonas aeruginosa
or Staphylococcus aureus (non-nitrite producers) for
which gentamicin and piperacillin/tazobactam are
preferred. If nitrite production or Gram stain suggests
Enterobacteriaceae, levofloxacin or ceftriaxone can be
substituted for gentamicin. Obtain imaging to rule out
obstruction as soon as possible.

For suspected necrotizing infections, obtain surgical
consultation for tissue debridement as soon as possible.

If altered mental status or focal neurologic abnormalities,
consider adding acyclovir (10 mg/kg IV Q 8 hrs) to treat
herpes encephalitis.

Obtain surgical consultation for surgical exploration, or, if
indicated, imaging to identify infection focus and potential
for percutaneous or open drainage.

Dosages are for approximately 70-kg adult with normal renal function.

" May substitute linezolid.

2 May substitute gatifloxacin or moxifloxacin (community acquired pneumonia only).

3 May substitute ceftazidime, cefepime, aztreonam, imipenem or meropenem.

4 May substitute ampicillin/sulbactam, imipenem or meropenem.
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Table 5.7 The stages of sepsis and therapies

Mean Central

arterial venous

pressure pressure ScvO,
Stage 1: Hypovolemia Variable 4 4
Stage 2: Compensated 4 Normal )

and vasodilatory

Stage 3: Myocardial Variable T 4
suppression

Stage 4: Impairment of 4 Normal T
tissue O, utilization

Central venous access allows measurement of CVP and
ScvO, continuously or by intermittent venous blood gas
sampling. When using vasopressor agents, intra-arterial
pressure monitoring is preferred, with the femoral site
being recommended over the radial artery due to a more
accurate reflection of central aortic pressure. Additional
tools that may be more practical in the ED are evolving.

Volume therapy

The first parameter to target in hemodynamic optimiza-
tion is intravascular volume with the use of fluid therapy
targeting a CVP of 8-12 mmHg. No outcome benefit has
been demonstrated from using colloids compared with
crystalloids with respect to mortality or hospital length
of stay. However, there may be a trend to improved sur-
vival with the use of colloid (albumin) in sepsis. The
volume of crystalloids required may be two to three
times that required of colloids in order to restore the
optimal volume. One liter of normal saline adds 275 mL
to the plasma volume, whereas 1 L of 5% albumin will
increase plasma volume by 500 mL. In patients with low
CVP and concurrent pulmonary edema, a colloid may be
combined with a crystalloid to avoid the large volume
of crystalloids alone and to achieve rapid attainment of
CVP goal.

Vasopressors should be administered when hypoten-
sion is persistent (MAP <65 mmHg) despite multiple
20 mL/kg crystalloid volume challenges, regardless of
the CVP. In the presence of hypotension, organ perfusion
cannot be maintained with fluids alone. Existing evidence

Systemic
Cardiac vascular
Lactate index resistance Treatment
T 4 T Volume
Variable 0 4 Vasopressors,
corticosteroids
T Normal or | Normal or T Inotropic
therapy
T Variable Variable Vasodilators,

r-APC

does not clearly support the superiority of one vasopres-
sor over another (Table 5.8). In the patient with refractory
hypotension, vasopressin deficiency should be consid-
ered. Vasopressin, deficient in many septic shock patients,
is an endogenously produced hormone. When adminis-
tered in a relatively small, physiologic dose of 0.01-0.04
Units/min, supplemental vasopressin corrects the defi-
ciency through a hypersensitive physiologic response.
Although vasopressors may support blood pressure in
the short term, long-term use of vasopressors is associated
with increased mortality. If an increase in blood pressure
is seen in early sepsis and there is an associated decrease
in tissue oxygen delivery (decreased ScvO, or cardiac out-
put), afterload reduction should be initiated.

Increasing oxygen-carrying capacity

Alow ScvO; and elevated lactate level suggests a mismatch
between systemic oxygen delivery and oxygen consump-
tion of the tissues. When a low ScvO, is identified, thera-
pies to augment one or more of the three components of
oxygen delivery are recommended to restore the balance
between systemic oxygen delivery and consumption: (1)
oxygen-carrying capacity; (2) cardiac output; or (3) arterial
oxygen saturation. This is the rationale for utilizing packed
red blood cell (PRBC) transfusion, inotropic agents and
supplemental oxygen with or without mechanical venti-
lation to increase ScvO,. After MAP has been optimized,
patients with inadequate oxygen delivery reflected by
ScvO, <70% and hematocrit <30% should receive a trans-
fusion of PRBCs in order to achieve a hematocrit >30%.

A

Svo, (ScvOy)
70% - 75% of normal

v

Decreased Increased
VO, DO, DO, VO,
e Stress * PaO, * PaO, * Hypothermia
¢ Pain * Hemoglobin * Hemoglobin * Anesthesia
e Hyperthermia ¢ Cardiac output ¢ Cardiac output * Decrease work
* Shivering of breathing
* Work of breathing

Figure 5.6

Changes in oxygen content. From Rivers EP, Mclintyre L, Morro DC, Rivers KK. Early and innovative interventions for severe sepsis and
septic shock: Taking advantage of a window of opportunity. CMAJ 2005;173:1054—65. Used with permission.
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Table 5.8 Vasoactive agents

Drug

Norepinephrine

Dopamine

Phenylephrine

Vasopressin

Epinephrine

Dobutamine

Nitroglycerin

Dose (mixture)

2-20 ug/min
(4 mg/250 mL)

0.5—20 pg/kg/min
(400 mg/250 mL)

40-200 pg/min
(10 mg/250 mL)

0.01-0.04 Units/min

(20 Units/100 mL)

1-10 pg/min
(1 mg/250 mL)

2.5-20 pg/kg/min
(250 mg/250 mL)

5-60 pg/min
(100 mg/250 mL)

Action

Primarily o-1,
some beta-1

o, B and
dopaminergic

Pure o

o and V1

o and B

B-1, some B- 2
and o-1 in large
dosages

Smooth muscle
relaxation

of coronary
and systemic
vessels

Hemodynamic Effects

Cardiac
stimulation

++

++ at 5—
10 ng/kg/min

++++ at 0.03—
0.15 pg/kg/min

0

Vasoconstriction

o+

++ at 7 pg/kg/min

o+

+HH

++++ at 0.15—
0.30 pg/kg/min

Vasodilation

0

+at 0.5—
5 ug/kg/min

+++

++

+++

Cardiac
output

Slight
increase or
no change

Usually
increases

Decrease

Decrease

Increases

Increase

Slight
decrease

Side effects and comments

Dose-related reflex bradycardia;
useful when loss of venous
tone predominates, spares the
coronary circulation

Tachydysrhythmias, increases
myocardial oxygen consumption;
a cerebral, mesenteric, coronary
and renal vasodilator

Reflex bradycardia, headache,
restlessness, excitability, rarely
dysrhythmias; ideal for patients
in shock with tachycardia or
supraventricular dysrhythmias

Outcome data of its use are
lacking. Infusions of >0.04 Units/
min may lead to adverse, likely
vasoconstriction-mediated
events. Reserved for refractory
hypotension.

Causes tachydysrhythmias,
leukocytosis; increases
myocardial oxygen consumption
and lactate production

Causes tachydysrhythmias,
occasional Gl distress, increases
myocardial oxygen consumption,
hypotension in volume-depleted
patient. Has less peripheral
vasoconstriction than dopamine.

Causes headache, dizziness,
tachycardia, orthostatic
hypotension, hypersensitivity
reaction

0 = no effect, + = mild effect, ++ = moderate effect, +++ = marked effect, ++++ = very marked effect.
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Inotropic therapy

If adequate volume, MAP and hematocrit goals are met
yet ScvO, is <70%, dobutamine (2.5-20 ug/kg/min)
should be started to improve contractility, and titrated to
achieve ScvO, 270%. Patients with poor cardiac contrac-
tility may have elevated CVP and appear to be “volume
overloaded,” requiring diuresis. However, unresusci-
tated severe sepsis/septic shock patients will often also
have underlying hypovolemia. Inotropic support with
dobutamine in these patients may treat the myocardial
depression and unmask hypovolemia. Volume resuscita-
tion instead of diuresis will prevent subsequent cardio-
vascular collapse and vasopressor use in these situations.
Because the vasodilatory effect of dobutamine could
worsen hypotension, a vasopressor may be needed in

combination with an inotrope for patients with persistent
hypotension. In addition, dobutamine may also exacer-
bate tachycardia.

Decreasing oxygen consumption

When the goals of CVP, MAP and hematocrit are met, but
ScvO, remains <70% despite a trial of dobutamine, or dob-
utamine caused an exaggerated response such as signifi-
cant tachycardia and hypotension, one should consider
reducing systemic oxygen demand and consumption.
One of the greatest contributors to increased systemic
oxygen demand is increased respiratory muscle use in
breathing. In this situation, intubation and mechanical
ventilation with sedation and paralysis decrease the work

Suspected infection and
document source within 2 h

'

The high-risk patient:
blood pressure <90 mm Hg after
20-40 mL/kg volume challenge or
lactic acid >4 mmol/L

|

Antibiotics within 1 h
and source control

v

< 8 mm Hg
Crystalloid
>8-12 mm Hg |«
Decrease O, Vasoactive
consumption > 90 mm Hg agent(s)
i > 65-90 mm Hg |

Packed red blood
cells to Het > 30%

<70% 4 > 70%
Inotrope(s)
Goals P |
achieved h
Adjunctive therapies
A A4 v A
If pressor-dependent, Evaluate for Protective lung Tight
evaluate for adrenal r-Activated protein C strategies for glycemic
cortiticosteroid for APACHE Il in acute lung control
replacement appropriate patients injury

Figure 5.7

Treatment options in sepsis, summary algorithm. From Rivers EP, Mclntyre L, Morro
DC, Rivers KK. Early and innovative interventions for severe sepsis and septic shock:
taking advantage of a window of opportunity. CMAJ 2005;173(9):1054—65 (p. 1061).

Used with permission.
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of breathing and redistribute blood flow from the respira-
tory muscles to the splanchnic and vital vascular beds.

Corticosteroids

The physiologic response to sepsis is a hypotha-
lamic stimulation producing corticotrophin-releasing
hormone (CRH). CRH stimulates the secretion of
adrenocorticotropin-releasing hormone (ACTH), which
stimulates the secretion of cortisol from the adrenal
gland. An inflammatory mediator such as macrophage
inhibitory protein inhibits the hypothalamic secretion of
CRH, which suppresses the hypothalamic-pituitary axis
and thus cortisol production.

Relative adrenal insufficiency is defined as a base-
line cortisol less than 20 mcg/dL or an increase in serum
cortisol of less than or equal to 9 mcg/dL one hour after
administration of 250 mcg of ACTH. The clinical indica-
tions for considering adrenal insufficiency are when a
patient remains vasopressor-dependent after adequate
volume resuscitation. Up to 19% of hemodynamically
unstable, vasopressor-dependent patients presenting to
the ED will have adrenal insufficiency.

Recombinant human activated protein C

Cleavage of protein C by thrombin associated with throm-
bomodulin generates activated protein C, which has
potent anticoagulant, profibrinolytic, anti-inflammatory
and antiapoptotic effects. Recombinant human activated
protein C (drotrecogin alfa [activated]) reduces mortality
from severe sepsis/septic shock by 13% in septic patients
with APACHE II scores of 225 or those with two or more
sepsis-induced organ dysfunctions. The absolute con-
traindications to administration of drotrecogin alfa (acti-
vated) are active internal bleeding; recent hemorrhagic
stroke within 3 months; recent intracranial or intraspinal
surgery; severe head trauma within 2 months; trauma
with an increased risk of life-threatening bleeding; pres-
ence of an epidural catheter; intracranial neoplasm,
mass lesion or evidence of cerebral herniation; or known
hypersensitivity to drotrecogin alfa (activated). With
respect to the ED setting, especially in those patients with
prolonged ED length of stay, the timing of drotrecogin
alfa (activated) administration may be crucial for opti-
mal outcome. Data suggest an improved mortality ben-
efit is obtained if this drug is given in the first 24 hours
of diagnosis.

Low-tidal volume mechanical ventilation

Many patients with severe sepsis/septic shock develop
acute lung injury, defined as bilateral infiltrates consistent
with pulmonary edema on chest radiograph, PaO,/FiO,
ratio <300, and no clinical evidence of left atrial hyperten-
sion (shown by physical examination or a pulmonary cap-
illary wedge pressure <18 mmHg). The use of lower tidal
volume mechanical ventilation when acute lung injury
is present reduces mortality rates from 39.8% in conven-
tionally ventilated patients to 31% in those who received

low-tidal volume ventilation. In the low-tidal volume
group, airway plateau pressures were kept <30 cm H,O by
decreasing the tidal volume to as low as 4 mL/kg if neces-
sary; in the conventional tidal volume group, airway pla-
teau pressures were not allowed to be >50 cm H,O.

Intensive insulin therapy

Sepsis patients frequently have hyperglycemia without a
previous history of diabetes. Although glucose control is
associated with best outcomes in diabetic patients, strict
glycemic control in the critically ill remains controversial.
However, maintaining normal glucose levels is consid-
ered best practice in the management of the septic patient
(Figure 5.7).

Special patients

Pediatric

Aggressive treatment of pediatric sepsis has gained increas-
ing importance in the literature. Similar to adult sepsis,
pediatric sepsis treatment has time-sensitive goals. A flow
diagram using ED goals is included (Figure 5.8). Refractory
shock due to sepsis in this special population may benefit
from extra-corporeal membrane oxygenation (ECMO).

Disposition

1. Patients with a lactate level >4 mmol/L are at high
risk for mortality and are candidates for EGDT; these
patients should be considered for ICU admission.

2. Patients who do not respond to an appropriate
fluid challenge of 20-40 mL/kg are also at high
risk for mortality and should be considered for ICU
admission.

Pearls, pitfalls and myths

1. Sepsis can mimic many diseases upon presentation.
The classic findings may not be present in many
patients, especially the elderly.

2. Although the ED length of stay and the first 6 hours
of ED management make up a relatively small portion
of the overall hospitalization, these have significant
impact on a patient’s morbidity and mortality.

3. The first steps of sepsis management include
appropriate cultures, timely and recommended
antibiotics, source control, and a lactic acid level. If
the patient is at high risk, EGDT should be initiated
immediately and not delayed until admission to an
ICU.

4. After resuscitation, corticosteroids, glucose control,
r-APC and protective lung strategies should be
considered.
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Recognize decreased mental status and perfusion.
Begin high flow 02. Establish IV/IO access.

Initial Resuscitation: Push boluses of 20 mL/kg
isotonic saline or colloid up to & over 60 mL/kg
until perfusion improves or unless rales or
hepatomegaly develop.

Correct hypoglycemia & If 2n periph;al
hypocalcemia. Begin antibiotics. \_ |y start inotrope.

Fluid refractory shock: Begin inotrope IV/IO
Use atropine/ketamine 1V/I0/IM to obtain central
access & airway if needed. .
Reverse cold shock by titrating central )
dopamine or, if resistant, titrate po=slianges

central epinephrine. Dopamine up to

Reverse warm shock by titrating 10 mcg/kg/min.
central norepinephrine Epinephrine
0.05t0 0.3
mcg/kg/min.

Catecholamine resistant shock:
Begin hydrocortisone if at risk for
absolute adrenal insufficiency.

Normal MAP-CVP
Monitor CVP in PICU for Age (mmHg)
Attain normal MAP-CVP for age.

ScvO2 > 70% Term Newborn 55

1mos-1yr 60
1 yr-Teen 65

Figure 5.8

Document diagnosis in History/Physical or Progress Note.
if all criteria are not met, okay to write, “Possible Sepsis”.

1. Is the patient’s history suggestive of a new infection?
H YES Hl NO

Are any three of the following signs of infection
present?

Hyperthermia > 38.3°C (101.0°F)
Hypothermia < 36.0°C (96.8°F)

Bradycardia <90 bpm for infants, <70 bpm for children
Tachycardia >160 bpm for infancts, >150 bpm for children

Decreased mental status
Decreased Urine Output < 1 mL/kg/hr

Flash capillary refill with bounding peripheral pulses

(warm shock)

Prolonged capillary refill (>2 sec) with diminished peripheral
pulses and mottled, cool extremities

(cold shock)

Ml YES H NO

3. If the answer to both questions 1 and 2 is YES:
Patient has Septic Shock.

v" Obtain: Blood cultures, urine culture and lactate
Begin therapy for septic shock (See back of card)
Obtain other labs/studies needed to assess for organ
dysfunction or localization of infection (e.g. glucose, iCa,
bilirubin, creatinine, INR, CBC, ABG, CXR, CT ABD)
Call Pedi HBS x 17470 STAT
Document “Septic Shock” in History/Physical or Progress
Notes

Stepwise management of hemodynamic support with time-sensitive goals for infants and children in shock (proceed to next step if shock
persists). Modified from Brierley J, Carcillo JA, Choong K, et al. Crit Care Med 2009;37(2);666—88 (p. 677). Used with permission from

Kaiser Permanente.
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6 Shock

Jairo I. Santanilla, mp and Peter M.C. DeBlieux, MmD

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, multi-
organ dysfunction and failure occur, ultimately leading to
death if not corrected. Shock is most often accompanied
by hypotension, termed decompensated shock. However,
shock may also occur when the blood pressure is normal
or elevated. Examples include hypertensive emergency
with compromised cardiac output, or carbon monoxide
poisoning 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 suf-
fering from an acute myocardial infarction or cerebral
vascular accident.

General approach to the
patient in shock

The most important step in the approach to a patient in
shock is early recognition of the shock state. If shock is
defined by impaired global organ perfusion, then the
signs of shock are derived from impaired organ function.
Hypotension is an obvious sign of decompensated hemo-
dynamics associated with shock. Alteration in mental
status, diaphoresis, chest pain, evidence of cardiac fail-
ure, difficulty breathing, tachypnea, agonal respirations,
abdominal pain from intestinal ischemia, low urinary out-
put, and cold, clammy or mottled skin all suggest shock.

The approach to shock in this chapter is outlined in the
traditional stepwise fashion of medicine (history, physi-
cal examination, diagnostic evaluation, differential diag-
nosis and treatment). However, in most cases of shock,
multiple paths must be followed in parallel. As such,
data from the history and physical examination need to
be obtained as diagnostic and therapeutic measures are
performed.

For some patients, the etiology of the shock state
remains in question after the initial evaluation. Often,
therapeutic intervention must be initiated without a veri-
fiable diagnosis. The core principle for treatment of such
patients is that O, delivery to the vital organs must be
optimized, using any method possible.

The key concept is that in a state of shock, oxygen
demands are not being met; therefore, the components of
oxygen delivery are of utmost importance. The oxygen
delivery equation includes oxygen saturation (Sa0,),

hemoglobin (Hb), partial pressure of arterial oxygen
(PaO,) and cardiac output (CO).

DO, (Oxygen Delivery) =
CO X% [(1.34 x Hb x Sa0,) + (0.003 x PaO,)]

CO = Stroke Volume (SV) x Heart Rate (HR)

Because stroke volume is related to preload, afterload and
contractility, oxygen delivery (DO,) is based on SaO,, Hb,
preload, afterload and cardiac contractility.

History

Obtaining an accurate history is essential to the evaluation
and treatment of undifferentiated patients in shock. An
incomplete history can lead to poor treatment choices and
increased morbidity and mortality. Unfortunately, many
patients in shock states are not able to provide an accu-
rate and complete history. Paramedics, family members,
friends, witnesses and medical records are invaluable
resources in these situations. Time course and progres-
sion of illness provide important information regarding
the rapidity of decline and may help narrow the differ-
ential diagnosis. The presence of trauma is an important
consideration. Preexisting conditions, particularly limita-
tions of the cardiopulmonary system and immune defi-
ciencies, predispose patients to poor outcomes.

Obtaining a patient’s complete medication list is vital
to address the needs of a patient in shock. Medications
that impair normal cardiac compensation in shock states,
such as beta-blockers, calcium channel blockers or digi-
talis, may alter patient presentations and vital signs in
profound shock. New medications may be involved in
anaphylactoid reactions, drug-drug interactions, or tox-
idromes. Similarly, immunosuppressant agents (such as
prednisone and chemotherapeutic drugs) may impair host
immune response and mask serious or life-threatening
infections. Social historical 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 emergency medicine.
Airway, breathing, circulation, disability and exposure
(ABCDE) are critical in the initial evaluation of complex
patient presentations. One of the first steps in determin-
ing cardiopulmonary reserve is assessment of all the vital
signs: heart rate, respiratory rate, blood pressure, pulse

Principles of Emergency Medicine 87

(/2]
3
o
(2]
=



¥o0ys

oximetry and temperature. An accurate set of vital signs
is paramount in the management of a patient in shock. In
shock states, blood pressure may need to be auscultated
using a Doppler stethoscope, pulse oximetry may not cap-
ture secondary to cold extremities, and a rectal tempera-
ture is often required.

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 critical care
concept of “cardiopulmonary reserve.” Cardiopulmonary
reserve refers to the interdependence of the heart, lungs
and O,-carrying capacity of all patients. Those patients
with an impaired cardiac pump, preexisting pulmonary
disease, or abnormalities in hemoglobin may require more
immediate intervention for milder shock states when
compared with patients with normal cardiopulmonary
physiology. Normal lungs, heart and hemoglobin permit
a degree of physiologic reserve that allows patients to
compensate for any given cardiopulmonary insult.

In evaluating and treating patients in shock, the goals
are to maintain adequate tissue oxygenation and organ
perfusion. Pulse oximetry can be utilized as an initial
screening tool to determine the adequacy of oxygena-
tion. Goal saturations during resuscitation and treatment
should be maintained above 90%, although outcome data
do not exist for this universally accepted goal. O, deliv-
ery devices may be required to reach the goal of 90%. If
adequate O, saturations are not obtained with a 100%
non-rebreather mask, patients should be endotracheally
intubated and placed on mechanical ventilation. Over-
reliance on a normal oximetry measurement may result in
management error, as certain states, such as carbon mon-
oxide and cyanide poisoning, have normal or near-normal
oximetry with relative hypoxia at the cellular level.

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 (MAP), which can be
approximated from the systolic blood pressure (SBP) and
diastolic blood pressure (DBP). The critical nature of the
DBP is evident from the formula to calculate MAP.

MAP =DBP +1/3 (SBP — DBP)

Goals for resuscitation in the majority of shock states
are a MAP of 65 to 75 mmHg, which provides adequate
cerebral and coronary perfusion.

MAP can be better understood as it relates to preload and
afterload. Physiologically, preload is defined as the left ven-
tricular end diastolic wall tension. The patient’s clinical pres-
entation or physical exam findings may predict whether the
preload is low, normal or high. Actively bleeding patients,
trauma victims, or chronically dehydrated patients are vir-
tually certain to have a low preload. An edematous patient
with congestive heart failure (CHF) is likely to be volume
overloaded. Estimation of the jugular venous pressure (JVP)
on physical examination may suggest a patient’s volume
status; however, this technique is not always accurate, even

in the hands of an experienced clinician. Auscultation of the
heart and lungs is sensitive for detecting signs of volume
overload (e.g., S3, crackles, rales), but does not distinguish
a hypovolemic state. Assessment of skin turgor, capillary
refill, and mucous membranes can likewise be misleading.

Afterload is the force that the heart must generate in order
to eject blood into the arterial compartment. Because MAP is
proportional to the product of systemic vascular resistance
(SVR) and CO, SVR is one of the main determinants of after-
load. 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 normal calculated MAP, central venous pressure
(CVP), HR and O, saturation.

After the assessment of cardiopulmonary reserve, a
rapid neurologic assessment is performed, followed by
complete exposure of the patient. Next, a comprehensive
head-to-toe physical examination is performed to iden-
tify further evidence of decreased organ perfusion and
to search for the etiology of shock. Altered mental status,
cyanosis, delayed capillary refill and skin mottling may
be early signs of decreased oxygenation and perfusion.

Diagnostic testing

Rapid bedside screening is the hallmark of the initial assess-
ment of the undifferentiated patient in shock. Vital signs,
pulse oximetry and continuous monitoring are standard
measures. A Foley catheter with urometer should be inserted
to assess hourly urinary output (0.5 ml/kg/hour). Initial
screening studies for the undifferentiated patient include
bedside blood sugar analysis, arterial blood gas analysis with
hemoglobin, chest radiography and an electrocardiogram. A
comprehensive metabolic profile, complete blood count and
urinalysis may also be required. Consideration for toxicologic
studies, urine pregnancy test, blood and urine cultures, car-
diac profiles, and endocrine screening should be made on a
case-by-case basis. Serum lactate levels can be used to screen
for shock in the normotensive patient; they may also guide
therapy and have prognostic value. This study is available
as a rapid point-of-care test at many hospitals. 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.

Bedside ultrasonography has recently entered the
mainstream in the evaluation of undifferentiated shock. A
trained operator can use the bedside ultrasound machine
to quickly evaluate for pericardial effusion and tampon-
ade, cardiac hypokinesis, pneumothorax, inferior vena
cava collapsibility (as a surrogate for volume respon-
siveness), and abdominal aortic aneurysm and intra-
abdominal free fluid. The same machine can then be used
to place intravascular resuscitation lines.

Several hemodynamic monitoring systems are
available to assist with the diagnosis and management
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of patients in shock. Right heart catheterization is use-
ful to determine the etiology of various shock states,
but is rarely available in the emergency department
(ED). Central venous lines offering continuous CVP
and central venous oxygen saturation (ScvO,) moni-
toring are being used increasingly in EDs. Arterial
waveform analysis technologies that provide SV vari-
ability and SVR indices are currently employed in
critical care units, and may soon be incorporated in
the ED setting.

Differential diagnosis

History, physical examination and bedside ultrasound
can often determine the etiology of a shock state (e.g.,
hypovolemic shock from trauma and exsanguination,
neurogenic shock from a spinal cord injury, obstruc-
tive shock from pericardial tamponade). There are
some shock states that are challenging to recognize,
however (e.g., mixed syndromes, pulmonary embo-
lism, septic and cardiogenic shock). Table 6.1 outlines
physiologic parameters characterizing each shock
state.

Table 6.1 Physiologic parameters in shock state

SVR
CVP PAOP  (SVRI) CO(CI)

Hypovolemic 1 A T l
Cardiogenic Te Te 7 4
Distributive

Sepsis ol ol le s

Anaphylaxis o ol 4 )
Neurogenic - - 4 o1
Obstructive

Tamponade T T T 4

Tension PTX T8 i) iz {

Massive PE T T 7 4

CVP: central venous pressure; PAOP: pulmonary artery
occlusion pressure; SVR: systemic vascular resistance; SVRI:
systemic vascular resistance index; Cl: cardiac index; CO:
cardiac output; PTX: pneumothorax; PE: pulmonary embolism.
aTrue 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.

Classification

Shock states are classified according to their underlying
physiologic derangement. Table 6.2 lists the most com-
monly used classification system. Hypovolemic shock is
defined by decreased circulating blood volume, due to

either blood or fluid loss, which compromises cardiac
output. Impaired cardiac performance characterizes car-
diogenic shock. Loss of vasomotor tone with hypotension
is the hallmark of distributive shock, as in sepsis, anaphy-
laxis, or certain intoxications. Anatomic interruption of
sympathetic output, usually secondary to spinal cord
injury with disruption of the cervical sympathetic chain,
leads to a paradoxical bradycardia with hypotension
known as neurogenic shock. Obstruction of blood flow
through the cardiopulmonary circuit is the etiology of
obstructive shock, as occurs in tension pneumothorax, car-
diac tamponade, or massive pulmonary embolus. Patients
may present with a mixed syndrome, such as a patient with
sepsis who develops gastrointestinal (GI) hemorrhage, or
who suffers a concomitant myocardial infarction.

Table 6.2 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 distributive shock.
bClassified by some as cardiogenic shock.

Hypovolemic shock

Hypovolemic shock is defined by the loss of intravas-
cular volume. CVP, pulmonary artery occlusion pres-
sure (PAOP), and CO are low, whereas SVR is elevated.
In the early compensated stages, the pulse pressure is
narrowed due to vasoconstriction, but ultimately hypo-
tension occurs with decompensation. Ultrasound exami-
nation may reveal a hyperdynamic heart, empty heart
chambers, and a markedly collapsible inferior vena cava.
The initial treatment of hypovolemic shock is aggressive
volume expansion with crystalloid. 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.
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Low CO and high SVR characterize cardiogenic shock.
CVP and PAOP are most often elevated during acute
exacerbations of CHF, but may be normal in patients who
are adequately diuresed or volume-depleted from dehy-
dration or concomitant sepsis. Bedside ultrasound may
demonstrate an abnormally contracting heart (e.g., glo-
bal hypokinesis from cardiomyopathy or segmental wall
motion abnormalities from acute myocardial infarction).

The initial treatment of cardiogenic shock depends on
the afterload and preload that the heart is experiencing.
Patients may require afterload and preload reduction
with vasodilators and diuresis, or may require fluids,
vasopressors and inotropes. Strong evidence supporting
selection of one vasopressor over another does not exist.
Consensus committee (American College of Cardiology/
American Heart Association) has recommended the
use of dobutamine if SBP >90 mmHg, dopamine if SBP
<90 mmHg, and norepinephrine if hypotension is severe
or refractory to dopamine infusion. Pulmonary artery
catheters may be needed to guide fluid management and
vasoactive agent administration.

Urgent cardiology consultation may be warranted for
intra-aortic balloon pump (IABP) placement in patients
who do not respond to vasopressor therapy. An intra-
aortic balloon inflates during diastole, augmenting MAP
and systemic perfusion, and deflates during systole,
effectively diminishing afterload and improving CO.
Percutaneous coronary interventions (PCI) and/or coro-
nary artery bypass grafting (CABG) should be performed
in patients with acute ST-segment elevation myocardial
infarction (STEMI) complicated by shock.

Distributive shock

In early sepsis, SVR is elevated. However, as sepsis
progresses to septic shock, SVR drops precipitously. CO
is increased in most cases, but a cytokine known as myo-
cardial 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 CO. 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 drain-
age or debridement (when indicated) are cornerstones of
treatment. Early goal-directed therapy (EGDT) has been
shown to reduce mortality in patients when intravascular
volume, MAP and ScvO, goals are attained within 6 hours
of presentation (see Chapter 5). Volume replacement
should be guided by invasive monitoring, with CVP goals
of 8-10 cm H,O, MAP goals of >65 mmHg, and ScvO,
goals >70%. If the CVP is not at goal, further fluid boluses
are needed. After several boluses, if the MAP is not at
goal, vasopressors should be initiated. Presently, nore-
pinephrine is the vasoactive agent of choice. If the ScvO,
is not at goal, blood transfusion to keep Hb >10 mg/dL,
followed by CO augmentation with dobutamine should
be initiated. Activated protein C complex (Xigris®) may
improve survival in selected patients with severe sepsis.
In addition, because the potential for adrenal insufficiency

exists in septic patients, steroid replacement should be
empirically started in patients with vasopressor-depend-
ent septic shock.

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 thera-
pies. Persistent hypotension requires infusion of an agent
that supports vasomotor tone. In this situation, norepine-
phrine makes the most sense. In severe cases, an epine-
phrine drip may be required.

Neurogenic shock

Neurogenic shock, classified by some as a type of distrib-
utive shock, is a consequence of injury to the sympathetic
ganglion chain. Neurogenic shock characteristically man-
ifests as hypotension and bradycardia. Because acute spi-
nal cord injury is most prevalent in younger patients, this
shock state usually occurs in patients with normal car-
diac function. Before diagnosing neurogenic shock, 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 patients in neurogenic
shock perfuse their organs well at below-normal MAP. If
signs of hypoperfusion develop, selection of an agent that
supports SVR (norepinephrine or phenylephrine) makes
the most sense physiologically. Phenylephrine should be
used with caution in the markedly bradycardic patient, as
its use may cause a reflex bradycardia.

Obstructive shock

Two causes of obstructive shock, tension pneumothorax
and cardiac tamponade, are reversible by surgical inter-
vention. Support of these patients by volume loading
is temporizing at best. In tension pneumothorax, nee-
dle decompression is both diagnostic and therapeutic.
Ultrasound may show the loss of “lung slide,” the loss
of the “seashore sign,” and a positive “bar code” sign in
M-mode. In cardiac tamponade, ultrasound may show
diastolic collapse of the right ventricle in the presence of a
pericardial effusion. Pericardiocentesis is best done under
ultrasound guidance.

Massive pulmonary embolus causes the release of vasoac-
tive cytokines from the pulmonary vascular bed, obstruction
of flow, and acute right ventricular dysfunction, collectively
impairing left ventricular filling. Bedside ultrasound may
reveal a dilated right ventricle and/or septal bulging into
the left ventricle. Thrombolysis may be lifesaving in patient
with massive pulmonary embolus. If lytic therapy fails, or
if contraindications exist, thrombectomy may be used as a
rescue procedure in centers with such expertise. Support of
cardiac function with volume infusion and norepinephrine
may be a bridge to these interventions.

Chronic pulmonary hypertension may limit flow
through the pulmonary vascular bed; therefore, the
onset of shock is commonly an end-stage, preterminal
event. Treatment with potent pulmonary vasodilators
is hazardous in this shock state since hypotension from
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peripheral arterial dilation is a frequent side effect, man-
dating use of a pulmonary artery catheter. Although
rarely available in the ED, inhaled nitric oxide may have a
role in patients with severe pulmonary hypertension.

General treatment principles

The treatment goal in a patient presenting with shock
is optimization of oxygen delivery to end organs.
Understanding the treatment for deficiencies in oxy-
genation (oxygen supplementation and possibly assisted
ventilation), preload (volume intervention), afterload
(vasopressors), contractility (inotropes), and hemoglobin
(transfusion) are essential for the clinician.

Oxygenation

Whenever a shock state is present, O, supplementation is
required. O, may be delivered via facial delivery devices,
noninvasive mechanical ventilation, or conventional
mechanical ventilation.

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 can-
nula 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
5 L/min of O, flow is required with a nasal cannula, an
alternative device should be employed.

A venturi mask uses various O, flow rates combined
with various venturi apertures to produce 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 aperture does not
provide enough supplemental O,, then an alternative
device is required.

A non-rebreathing apparatus combines a collapsible
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 noninvasive
positive pressure ventilation (NPPV) in patients without
hemodynamic compromise, cardiac dysrhythmias, or
altered mental status. Therefore, NPPV use in the man-
agement of shock should be limited to patients with res-
piratory failure without hemodynamic instability. This
literature strongly supports the use of NPPV in patients
with hypercapnic hypoxemic respiratory failure, such as
those with exacerbation of chronic obstructive pulmo-
nary disease (COPD). Data are available from descriptive
studies regarding its use in selected cases of hypoxemic
respiratory failure, such as acute respiratory distress
syndrome (ARDS), but prospective randomized con-
trolled trials are lacking. Prospective trials investigating
noninvasive mechanical ventilation use in CHF with

pulmonary edema suggest both continuous positive air-
way pressure (CPAP) and bilevel positive airway pres-
sure (Bi-PAP) are beneficial. NPPV is especially beneficial
and should be used if hypercapnia is present and contra-
indications are absent.

Early generations of noninvasive ventilators bled O,
into the ventilator tubing, so FiO, was not tightly control-
led. O, flow was increased until the patient’s arterial O,
saturation 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 consid-
ered for any patient who does not achieve adequate
Sa0, despite maximal noninvasive O, supplementation.
Additionally, patients whose expected clinical course is
projected to progressively deteriorate should be intu-
bated early. Patients with a high work of breathing (WOB)
should be intubated in order to reduce the amount of
work the respiratory system must perform and support
the metabolic needs of the patient. All patients who are
placed on invasive ventilation should initially receive an
FiO; of 1 because the switch from spontaneous breathing
(negative pressure) to assisted ventilation (positive pres-
sure) causes unpredictable alterations in pulmonary blood
flow and ventilation—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 oxygenation. Although many factors
must be considered in determining the optimal level of
PEEP, most authors recommend starting at 3-5 cm H,O.
Thereafter, PEEP is incrementally increased by 2-3 cm
H,0, allowing 15-30 minutes after each increase for alve-
olar recruitment. PEEP is increased until SaO, reaches a
minimum of 88-90%. Further increases in PEEP may then
be required to allow the FiO, to be decreased. Increases in
PEEP, however, result in increases in mean intrathoracic
pressure. A critical point is reached when venous return
to the heart is compromised due to increased intratho-
racic pressure, impairing CO.

Volume intervention

Following initial assessment of preload, either fluid or
diuretic therapy should be instituted. The size of an ini-
tial fluid bolus is a matter of clinical judgment. A previ-
ously healthy young adult with acute hemorrhage may
safely receive rapid infusion of several liters of crystal-
loid solution. In contrast, a frail, elderly patient with
a history of CHF may require (or tolerate) only a few
hundred milliliters of crystalloid boluses at a time. The
crucial step is continued reassessment after each inter-
vention to decide whether further volume expansion is
indicated.

A patient who is volume overload