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Foreword

Although the specialty of emergency medicine is only 40 years old,
it has quickly matured into one of the most important arenas of
practice in health care. In the United States, half of all hospital
admissions and 11% of all outpatient health care encounters take
place through emergency departments [1]. In Canada, which has
placed a stronger emphasis on primary care, the percentages are
smaller, but they are nonetheless substantial. Today, the term “ER”
applies to more than a single room in the hospital, or even a popu-
lar television show. It is a comprehensive, multifaceted department
that provides an astonishing array of advanced medical services,
including rapid assessment and stabilization of patients with ur-
gent or life-threatening conditions; medical direction of prehos-
pital emergency medical services (EMS), cost-effective urgent care
in specially designated “fast-track” areas, and detailed manage-
ment of selected patients in emergency-department-based clinical
decision units.

Practicing emergency medicine has always been challenging:
patients arrive at all hours of the day and night; the range of prob-
lems emergency physicians encounter is incredibly broad; and the
consequences of error are high. Undaunted, the doctors who estab-
lished the specialty moved quickly to define its core competencies
and teach them to a rapidly expanding circle of colleagues. They
also worked diligently to secure recognition for their efforts in
the House of Medicine. Almost as quickly, some of their number
started figuring out how to make emergency care better.

Forty years later, the tens of millions of patients who annu-
ally seek care in hospital emergency departments and the tens of
thousands of emergency physicians who treat them owe a debt
of gratitude to the specialty’s founders. Today, thousands of well-
trained emergency physicians annually graduate from over 100
emergency medicine residency training programs in the United
States and many more programs internationally. Across the de-
veloped world, modern emergency departments conduct compre-
hensive diagnostic evaluations and provide treatments that used to
require a multiday stay in the hospital. In fact, emergency medicine
hasbecome such an integral component of modern health care that
it is difficult to imagine how the system could function without it.

Concurrent with the growth and maturation of the specialty,
emergency physicians have expanded their focus from providing
life-saving care to whoever rolls through the door to medical di-
rection of EMS and disaster medicine, education of medical stu-
dents, residents and other health care professionals, performance
of cutting-edge research, administrative leadership of emergency
departments, hospitals and health systems, public health surveil-
lance, and knowledge translation.

Butall is not rosy. In some respects, emergency medicine has be-
comeavictim of its own success [2]. Over the past 15 years, society’s
growing reliance on emergency care has outstripped emergency
medicine’s capacity to meet this expanding need. In 2006, the Insti-
tute of Medicine (IOM) of the National Academies, a highly influ-
ential nongovernmental organization in the United States, issued
three reports on the future of emergency care in the U.S. health sys-
tem [3-5]. The picture it painted was troubling—despite dramatic
improvements in emergency care, and the unquestioned dedica-
tion of those who provide it, the gap between public’s need and
system’s capacity to meet it has grown so wide that hospital-based
emergency care is (in the words of the IOM) at the “breaking point.”

The IOM emergency care reports explicitly focused on the
United States; however, many of its observations were equally
germane to the emergency care systems of Canada, Australasia,
Europe, and other parts of the developed world. Chief among
these is the need to advance the quality, safety, and efficiency of
emergency care through research, coupled with rapid translation
of new knowledge to bedside care. The arguments for accelerat-
ing knowledge translation are compelling. The quickening pace of
biomedical research and new developments in biomedical tech-
nology have dramatically expanded the diagnostic and treatment
options available to emergency physicians. For example, advances
in the detection of acute coronary syndrome and the discovery of
thrombolytic therapy have given emergency physicians the abil-
ity to identify and abort many episodes of acute myocardial in-
farction before the condition causes death or irreversible harm.
Moreover, other diseases that previously required many days of
hospitalization (such as deep vein thrombosis, or DVT) can now
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be diagnosed by emergency physicians and managed in the out-
patient setting.

As history has taught us, not every newly developed treatment
is a resounding success. Many turn out to be less beneficial than
originally claimed. Some tests and treatments are so skillfully mar-
keted that they work their way into standard practice despite inad-
equate evidence of their effectiveness or an imperfect understand-
ing of their risks. Historic examples include incidents of torsade
de pointes following more widespread use of ibutalide for atrial
fibrillation and the development of renal failure in some patients
receiving nesiritide for heart failure. To add to the modern clini-
cian’s dilemma, sometimes a long-established mainstay of emer-
gency care is overturned by new evidence. No one can predict
which test or treatment in routine use today will join Ewald tubes,
corticosteroids for head trauma, intravenous aminophylline, and
military antishock trousers in the dustbin of emergency medicine
history.

If old (and time-tested) is not necessarily good, and new (and
more expensive) is not necessarily better, where can a busy prac-
titioner turn for guidance? The traditional strategy—asking a se-
nior colleague for advice—does not work anymore. Management
by anecdote/experience is unreliable (see “old and time-tested,”
above). Expert consensus, also known as the BOGGSAT™ ap-
proach, is little better. It often recycles conventional wisdom or
falls for the latest fad. Industry claims should always be viewed
with skepticism, especially when accompanied by food or gifts.
And the latest peer-reviewed study, even one published in a pres-
tigious journal, may be overturned by subsequent research.

Evidence-based medicine (EBM) was created to meet the clin-
ician’s need for objective guidance in patient care. A simple term
for a very complex task, EBM is a rigorous approach to finding
and analyzing the best available evidence on any clinical question.
Because EBM respects the principle of patient autonomy, it does
not limit its recommendations to “the best” test or treatment; it
presents acceptable alternatives. Moreover, a clinician’s experience
is also valued in EBM as part of the decision-making process.
Championed by international groups such as The Cochrane Col-
laboration [6], the EBM movement has tackled a growing list of
questions. Many of them are relevant to emergency medicine [7].

This book was conceived to place the power and intellectual in-
tegrity of the EBM approach into the hands of busy emergency care
providers. The brainchild of a group of Canadian and U.S. aca-
demic emergency physicians, Evidence-based Emergency Medicine
(EBEM) takes a different tack than that of traditional textbooks.
Rather than providing a detailed review of the pathophysiology of
every condition, EBEM is designed to answer the direct, give-me-
the-bottom-line questions emergency physicians ask in the middle
of their shifts—questions like “How useful is D-dimer for detecting
DVT, aproblem I can’t afford to miss?” (answer in Chapter 12) and
“Whatisthebestintervention for treating acute migraine headache
among the many available to me?” (answer in Chapter 48).

* BOGGSAT = “Bunch of guys and gals sitting around a table.”
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To assemble this compilation, EBEM’s chief editor Brian Rowe
and his fellow section editors Eddy Lang, Debra Houry, Michael
Brown, Dave Newman, and Peter Wyer tapped many of emergency
medicine’sleading expertsin EBM and the book’s topics. The result
isapractical guide to thoughtful practice, based on the highest level
of evidence available. Does this book represent the “final word”
on these conditions? Absolutely not. The editors will be the first
to acknowledge this. It does represent, however, the best evidence
currently available from the world’s literature on these topics. As
more research is published, some of the recommendations may
change in future editions. Medicine is not static; it grows and
evolves over time. The editors expect that their EBEM textbook
will do the same.

Will you find answers to every important question in this book?
Not yet. This is, after all, a first edition. As the IOM pointed out
in its Future of Emergency Care series, there is a pressing need for
more research in emergency care. If you scour the pages of this
book and cannot find an answer for your question, do not feel
frustrated or give up. Rather, I suggest you contact the editors and
volunteer to submit an evidence synthesis for the second edition
of Evidence-Based Emergency Medicine.

Arthur L. Kellermann, MD, MPH

Professor and Associate Dean for Health Policy
Emory School of Medicine

Atlanta, Georgia, USA
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Case scenario

A 25-year-old woman presented to an emergency department (ED)
with an exacerbation of her migraine headaches. Her migraine
headaches had previously been well controlled; however, stressful
conflicts had recently occurred at work, she had not been able
to sleep properly for two nights and she admitted unusually low
fluid intake for the previous 2 days. She reported that her headache
developed gradually, was associated with nausea and vomiting, and
she rated the headache as 9 on a 10-point headache pain scale. She
denied fever, syncope or other signs of pathological headaches, and
assessed the episode as being “similar to my last migraine headache
that brought me to the emergency department 2 years ago”.

She improved quickly with intravenous saline and metoclo-
pramide and was ready for discharge home after 90 minutes. Her
headache at reassessment was 1 out of 10 and her nausea had re-
solved. The patient informed you that she was late for an important
work meeting that would consume her time for the next 2 days
and wondered what she could do to minimize the risk of suffering
a recurrence.

Introduction

What is evidence-based emergency medicine (EBEM) and why
is there such a controversy over the concept and contempt for
the phrase? The term evidence-based medicine (EBM) was first
coined in the early 1990s by Gordon Guyatt [1] and has now
become a stable in the medical lexicon. In addition to EBM’s
long history, controversy exists regarding its components and
value in decision making [2,3]. In most cases, however, it can
be described as the combined use of experience, best evidence

Evidence-based Emergency Medicine. Edited by Brian H. Rowe
© 2009 Blackwell Publishing, ISBN: 978-1-4051-6143-5.

and patient’s preference and values to develop an approach to
a clinical problem, often referred to as evidence-based medical
care.

The migraine headache example may help readers better
understand the concept. The patient’s question related to preven-
tion of headache and this topic is well covered in the chapter on
migraine headaches in this book (See chapter 48). From an ev-
idence perspective, the well-informed clinician knows that there
is evidence that a dose of dexamethasone in the emergency de-
partment (ED) (best evidence based on a systematic review (SR)
of randomized controlled trials (RCTs)) is helpful [4]. Moreover,
experience reminds the clinician that patients with moderate to se-
vere migraine headaches also can deteriorate, re-present to the ED,
and/or lose valuable time from work and other activities (clinical
experience). The clinician is concerned and wishes to protect the
patient from any and all of these events (and so does her employer).
Unfortunately, the patient protests this decision because corticos-
teroids cause her to develop acne, retain water and have insomnia.
She also has a major weekend function and feels these medica-
tions may create havoc with her social life. Despite the clinician’s
reassurances, she refuses the intravenous corticosteroid treatment
(patient preference and values). Readers in clinical practice will be
very familiar with this type of scenario.

What is the evidence-based decision in this case? Some tra-
ditionalists may suggest that their decision is final and the pa-
tient should accept the corticosteroid treatment. The EBM clin-
ician might further use the available evidence to explain the
benefits and risks of treatment options, in conjunction with the
patient’s preference and his/her experience. In the event that agree-
ment cannot be reached between the clinician and the patient,
the EBEM approach would propose an alternative “next-best evi-
dence” and similarly reasonable approach. For example, the clin-
ician may recognize that reduction of pain to less than two out of
ten reduces headache relapse [5]. Moreover, the addition of edu-
cation about triggers and very close follow-up may improve out-
comes in such patients. It is this combination of evidence, patient
preference and clinical experience that coalesces to form the EBEM
decision.
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Why EBEM?

The EBM approach may seem intuitive to many emergency prac-
titioners. However, when originally proposed, debate ensued, and
in some cases continues [6,7]. This forces the question: why is this
being proposed in emergency medicine? In a therapy issue, clin-
icians must ultimately decide whether the benefits of treatment
are worth the costs, inconvenience, and harms associated with the
care. This is often a difficult task; however, it is made more difficult
by the exponentially increasing volume of literature and the lack
of time to search and distill this evidence [8]. Although clinicians
of the early 21st century have an urgent need for just-in-time,
on-demand clinical information, their time to access such infor-
mation has likely never been as compressed. Increases in patient
volume and complexity, patient care demands, and the lack of ac-
cess to resources have exacerbated the work frustrations for many
clinicians. These concerns often take precedence over seeking the
most relevant, up-to-date and comprehensive evidence for patient
problems.

Despite the fact that the most common problems posed by
patients presenting to emergency rooms are encountered daily
around the world, appropriate treatment approaches are often not
fully employed and practice variation is impressive. For a variety
of reasons, the results from high level evidence such as RCTs are
not readily available to busy clinicians and keeping up to date is
becoming increasingly difficult. Moreover, a valid, reliable and up-
to-date clinical bottom line to guide treatment decisions has been
elusive [8].

However, availability of high quality published trials and system-
atic reviews relevant to an area of practice are not the only compo-
nents necessary to practicing “best evidence medicine”. Clinicians
also need rigorously produced, synthesized best evidence infor-
mation to assist them at the point of care. In emergency care,
time is increasingly more precious and the need for this digestible
information has never been greater.

Levels of evidence

A wide variety of tools to describe levels of evidence have been de-
veloped and employed in clinical medicine to reflect the degree of
confidence to which results from research may be accepted as valid.
From levels of evidence, strengths of recommendations are gener-
ated which are graded according to the strength of the scientific ev-
idence supporting them. These levels of evidence can be criticized
forbeingdifferent with each set of guidelines or report, being overly
complex, and being almost universally focused on therapeutic
interventions.

Recently, a group of experts in the field of guidelines introduced
a grading system as part of an effort to develop a single approach
supported by international consensus. The Grades of Recom-

mendation, Assessment, Development and Evaluation (GRADE)
Working Group have published their recommendations, which
have been adopted by increasing numbers of specialty and health
policy organizations [9]. The GRADE system classifies quality of
evidence into one of four levels (high, moderate, low and very low)
and quality of recommendations in one of two levels (strong and
weak).

Once again, an example may be illustrative. In the case scenario
described above dealing with therapy, the highest level of evidence
(HIGH) is based on RCTs. A single RCT can retain HIGH grading
if there are no study limitations, the threats to validity are low, the
association is strong and adjustments for all potential confounders
have been performed. Although HIGH status is awarded to RCTs,
many trials in emergency medicine are not large enough to main-
tain this evidence status. The evidence would similarly retain its
HIGH ranking if meta-analysis of two or more similar trials show
consistency of effect and statistically significant relative risk (RR)
results (> 2.0 or < 0.5 for reduction) [10]. Fortunately, in this
case, the systematic review does support the single clinical trial
identified (see Chapter 48).

While considerable debate exists regarding the relative mer-
its of evidence derived from large individual trials versus sys-
tematic reviews [11], due to the costs associated with large,
multi-centered trials, they remain uncommon across emergency
medicine and remain restricted to certain topic areas (e.g., car-
diology, rheumatology, stroke, and so forth). While examples
of large databases and observational studies do exist in emer-
gency medicine [12], smaller studies are much more common.
Consequently, it is likely that systematic reviews will play an in-
creasingly important role in the future decisions made by pa-
tients, clinicians, administrators and society in all areas of health
care.

MODERATE evidence is based on RCTs that contain flaws
that preclude a HIGH evidence rating or observational studies.
The RCTs may show either positive trends that are not statis-
tically significant or no trends and are associated with a high
risk of false-negative results. The observational studies may be
elevated to HIGH evidence (from LOW) in certain cases, such
as when a statistically significant relative risk of > 5 (< 0.2)
is identified based on direct evidence with no major threats to
validity.

Finally, a LOW level of evidence is based on observational
studies of any kind (e.g., cohorts, case series, case—control stud-
ies or cross-sectional studies). VERY LOW grading can be
achieved when evidence is based on observational studies of
low quality or the opinion of respected authorities or expert
committees as indicated in published consensus conferences or
guidelines.

In diagnostic studies, the same rules apply; however, most
of the studies in this setting are not RCTs. Given the rela-
tively recent development of the GRADE system, the editors
of this text have not required authors to apply this in each
chapter; although, given the summary of evidence provided in



each chapter, readers should be able to rate the evidence pre-
sented using the general guide. Moreover, future editions of
the book will focus on GRADE or similar systems of evidence
assessment.

Levels of evidence and systematic reviews

As discussed above, one possible solution to the information
dilemma for clinicians is to focus on evidence from systematic
reviews (SRs) [13]. SRs address a focused clinical question, utilize
comprehensive search strategies to avoid publication and selec-
tion biases, assess the quality of the evidence and, if appropri-
ate, employ meta-analytic summary statistics to synthesize the
results from research on a particular topic with a defined pro-
tocol. They represent an important and rapidly expanding body
of literature for the clinician dealing with patients presenting to
the emergency setting and they are an integral component of
EBM.

Although there has been a recent increase in the production
of diagnostic testing SRs, the most common application of SRs
is in therapeutic interventions in clinical practice. One impor-
tant exception is the Rational Clinical Examination (RCE) ser-
ies published in the Journal of the American Medical Association
(JAMA). This series presents SRs in the field of diagnostic testing
(especially clinical examination and laboratory/imaging testing).
Finally, the Cochrane Collaboration has developed a Diagnostic
Methods Working Group and is planning to introduce diagnos-
tic test systematic reviews to their collection of products in the
near future. Unfortunately, the methodology of diagnostic SRs
lags behind that of the therapeutic SRs; however, there are strong
indications that this is changing.

Despite publications illustrating the importance of method-
ological quality in conducting and reporting both RCTs [14] and
SRs [15], not all SRs are created using the same rigorous methods
described above. Like most other research, variable methodologi-
cal quality has been identified in systematic reviews. High-quality
SRs of therapies attempt to identify the literature on a specific
therapeutic intervention using a structured, a priori and well-
defined methodology contained in a protocol. Rigorously con-
ducted SRs are recognizable by their avoidance of publication and
selection bias. For example, they include foreign language, both
published and unpublished literature, and employ well-described
comprehensive search strategies to avoid publication bias. Their
trial selection includes studies with similar populations, interven-
tions/controls, outcomes and methodologies and use of more than
one “reviewer” to select included studies.

Systematic reviews regarding therapy would most commonly
combine evidence from RCTs. In the event that statistical pool-
ing is possible and clinically appropriate, the resultant pooled
estimate represents the best “summary estimate” of the treat-
ment effect. A systematic review with summary pooled statis-
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tics is referred to as a meta-analysis, while one is without sum-
mary data is referred to as a qualitative systematic review. Both
of these options represent valid approaches to reporting SRs and
both are now increasingly commonly published in the medical
literature.

In the field of emergency medicine, SRs have been evaluated
and found to contain serious flaws that potentially introduce bias
into their conclusions [16]. This is an alarming picture for the
profession, and one that needs to be addressed by members as well
asauthors and journal editors. Most of this research was completed
prior to the establishment of the QUOROM (Quality of Reporting
of Meta-analyses) statement; however, recent evidence suggests
that this situation has not resulted in dramatic improvements in
the quality of published SRs [17]. Consequently, ED physicians
must be vigilant in their search for and evaluation of SRs as they
pertain to this field.

The Cochrane Collaboration

The Cochrane Collaboration, a multinational, volunteer, collabo-
rative effort on the part of researchers, clinicians from all medical
disciplines, and consumers, represents one source of high-quality
systematic review information available to most clinicians with
very little effort [18]. The Cochrane Library is a compendium of
databases and related instructional tools. As such, it is the principal
product of the large international volunteer effort in the Cochrane
Collaboration.

Within the Collaboration, specific review groups are respon-
sible for developing, completing and updating SRs in specific
topic areas. For example, the Cochrane Airway Group (CAG:
www.cochrane-airways.ac.uk) is responsible for “airway” topics
(e.g., asthma, chronic obstructive pulmonary disease, pulmonary
embolism). Reviewers within the Cochrane review groups rep-
resent consumers, researchers, physicians, nurses, physiothera-
pists, educators and others interested in the topic areas. Not all
review groups have produced acute care reviews; however, ED
topics are particularly well covered by some (e.g., CAG) [19].
Recently the relevance of the Cochrane Collaboration effort to
emergency medicine has been enhanced through the advent of
the Cochrane Prehospital and Emergency Health Field (CPEHF:
www.cochranepehf.org), which is expected to substantially in-
crease the number of reviews with direct relevance to this specialty
[20].

Systematic reviews produced by members of the Cochrane Col-
laboration are the products of a priori research protocols, meet
rigorous methodological standards, and are peer reviewed for con-
tent and methods prior to dissemination. Specifically, this process
of review production is designed to reduce bias and ensure valid-
ity, using criteria discussed in the JAMA User’s Guide series [21].
As much as possible, this text book will focus on evidence derived
from SRs, and as often as possible, those contained within the
Cochrane Library.
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The Cochrane Library and emergency medicine

The Cochrane Library is comprised of several databases, three
of which deserve some description and discussion here as they
relate to this EBEM textbook. The Cochrane Central Register
of Controlled Trials (CENTRAL) is an extensive bibliographic
database of controlled trials that has been identified through
structured searches of electronic databases, and hand-searching
by Cochrane review groups. Currently, it contains over 300,000
references (Cochrane Library, 2007, Issue 4) and can function as
a primary literature searching approach with therapeutic topics.
The Database of Abstracts of Reviews of Effects (DARE) consists
of critically appraised structured abstracts of non-Cochrane pub-
lished reviews that meet standards set by the Centre for Reviews
and Dissemination at the University of York, England. Currently,
DARE contains over 3500 reviews (Cochrane Library, 2007, Is-
sue 4). The last, and possibly most important, resource is the
Cochrane Database of Systematic Reviews (CDSR), a compila-
tion of regularly updated SRs with meta-analytic summary statis-
tics. Currently, the CDSR contains over 1200 protocols and 3500
completed reviews (Cochrane Library, 2007, Issue 4). Contents
of the CDSR are contributed by Cochrane review groups, repre-
senting various medical topic areas (e.g., airways, stroke, heart,
epilepsy, etc.). Within the CDSR, “protocols” describe the objec-
tives of SRs that are in the process of being completed; “completed
reviews” include the full text, and usually present summary statis-
tics. Both protocols and reviews are produced using a priori cri-
teria, adhere to rigorous methodological standards and undergo
peer review prior to publication. Regular “updates” are required
to capture new evidence and address criticisms and/or identified
errors.

The quality of systematic reviews contained within the Cochrane
Library has been shown to be consistently high for individual topic
areas as well as throughout the Cochrane Collaboration [22,23].
Recent evidence evaluated the quality of a random selection of SRs
published in 2004 and, long after the production of the QUOROM
guidelines, found some intriguing results [24]. First and foremost,
the volume of SRs identified suggested a rapid proliferation of SRs
in health care. Second, 71% of the reviews involved a therapeutic
area, recapitulating our previous comment about SRs being less
common in diagnostic areas. Finally, there were large differences
identified between Cochrane and non-Cochrane reviews in the
quality of reporting several important characteristics; Cochrane
reviews were rated as higher quality. Overall, the reviewers reit-
erated the variable quality of some reviews in the literature and
the need to be cautious when using these reviews in health care
decisions.

Prehospital and emergency medicine involvement has been
limited across the Cochrane Collaboration and in many review
groups, consequently topics of interest to emergency physicians
have perhaps not been a priority. The development of the CPEHF
in 2004 was an important milestone for evidence-based prehos-

pital and emergency medicine [25]. CPHEF was registered as
an official entity of the Cochrane Collaboration and now has
more than 3000 registered members (E Archer, personal com-
munication). The focus of CPEHF is prehospital (management
up to the delivery in the emergency department), emergency
(up to hospitalization) and disaster medicine. One of the func-
tions of the field is to develop and maintain a register of stud-
ies relevant to the areas of prehospital and emergency health
care. CPEHF has developed a validated search strategy to identify
SRs and reports of trials in the Cochrane Library that are based
on research that was conducted in the prehospital environment
[26].

Evidence-based Emergency Medicine format

We are excited about highlighting the approaches to the diag-
nosis and treatment of common emergency conditions that will
be detailed in this book. The editors of Evidence-based Emer-
gency Medicine have attempted to select experts in both emer-
gency medicine (content) as well as evidence-based medicine
(methodology) to author this text. Following this introductory sec-
tion, the remainder of the chapters will focus on individual topic
areas.

The chapters in this book have all been organized in a similar
fashion using the following format:
1 Case scenario/vignette: Each chapter author has been asked to de-
scribe a patient scenario upon which the remainder of the chapter will
be based. Authors have been instructed to provide a real-world clinical
problem.
2 Questions that arise from the case: Using the PICO methodol-
ogy described below, questions will be developed from each clini-
cal case. These clinical scenarios will be used to identify important
questions relevant to the diagnosis, therapy, adverse effects, and so
forth of conditions commonly encountered in emergency practice.
While these questions are not all inclusive, they do represent key
questions following discussion among the authors and the section
editors.
3 Literature search: A brief description of the search strategies em-
ployed to identify the relevant research used to answer the clinical ques-
tion will be provided. In general, the evidence from systematic reviews,
especially those available in the Cochrane Library, the JAMA RCE
series and large health technology assessment (HTA) resources (e.g.,
Agency for Healthcare Research and Quality (AHRQ: www.ahrq.com),
Canadian Agency for Drugs and Technologies in Health (CADTH:
www.cadth.ca), National Institute for Health and Clinical Excellence
(NICE: www.nice.uk)), will be highlighted.
4 Summary critical appraisal: A summary of the available evidence
will be provided by the authors, focusing on the key results and their
implications. Some authors have elected to produce summary of evi-
dence tables.
5 Answers/conclusions: A summary approach to the patient will be
presented at the end of each chapter.



Question development

Although we have not rigorously followed the methodology of SRs
in this book, there is one aspect of that methodology that we have
strictly followed. Each chapter is developed around specific clini-
cal questions. Although most chapters include some background
discussion of the topic areas, readers will find that these are much
more condensed than they would expect from other emergency
medicine textbooks and are limited to materials directly relevant
to the specific questions.

Patients presenting with many of the signs and symptoms pre-
sented in this book represent typical cases commonly encountered
in clinical emergency practice. Many potentially important ques-
tions arise from these encounters; all of these questions vary based
on the perspective or the person asking the question (e.g., clini-
cian, patient, administrators, primary care providers, public health
officers and government policy makers). For example, using the
example above, what is the etiology of this patient’s acute migraine
headache? What diagnostic tests should be performed (if any) and
which can the health care system afford? What therapy could be
prescribed in the ED to treat the headache? What additional ther-
apy can be prescribed in order to reduce the chances of continued
headache? What is her prognosis over the next 3 weeks with respect
to her migraine status? Would instituting a prophylactic therapy
improve the long-term prognosis for this woman? Finally, would
educational interventions prevent further exacerbations or reduce
their severity?

The success of any search for answers to such clinical questions
is spelling them out in a detailed and systematic way [27]. While
this skill is important for the policy maker in the office, the patient
searching for options, and the researcher performing a systematic
review, it is perhaps most important for the busy clinician at the
bedside. Some have referred to this process as developing an “an-
swerable question”. This is because such an approach, among other
things, provides an immediate basis for formulating and executing
an effective search strategy for locating relevant and high-quality
clinical evidence. In this book we report both general and spe-
cific search strategies in connection with the specific questions
addressed in each chapter.

Components of a good question

Designing an appropriate clinical question includes consider-
ation of the components of a good question (described be-
low), compartmentalizing the topic area and describing the de-
sign of studies to be included. All questions should include
focused details on the population, intervention, assessment or
exposure (and comparison when relevant), and outcomes as-
sociated with the question. This approach is often abbrevi-
ated as PICO, but these are only part of the components
necessary for developing the question. Each component is exam-
ined in further detail below and examples illustrated in Table 1.1.
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1 Population: A clearly defined population under consideration is the
first step in developing a successful question; however, this can be a
difficult task at times. The selection should be based on the interests
and needs of the clinician and the patient’s problem.

2 Intervention, assessment or exposure: Well-defined interventions
must be articulated prior to searching for answers. For example, cor-
ticosteroids may be particularly problematic in searches for migraine
headaches. Since corticosteroids can be administered via many routes
(e.g., intravenous (IV), oral and intramuscular (IM)) in migraine
headache treatment, using varying doses and over different duration,
these must all be considered when searching for evidence. Moreover,
the use of different agents is common (e.g., dexamethasone, pred-
nisone, methylprednisolone, and so forth) and is clearly an important
consideration in question development. Diagnostic assessments are
also interventions and when the results are compared to a criterion
standard for the disease or condition being sought, performance mea-
sures such as sensitivity, specificity and likelihood ratios can be derived.
Harmful exposures are not quite the same as “interventions” in that
we avoid knowingly recommending them to our patients.

3 Comparisons: Most therapeutic interventions are compared to a
control treatment. In some cases, the comparison is to a placebo;
however, in emergency medicine the comparison is often to standard
practice at the time or known effective therapies. For example, in the
chapter on migraine headaches, the effectiveness of corticosteroids
in preventing recurrent headaches is compared to placebo; however,
both groups received standard abortive care in the ED. In the chapter
on acute asthma, the effectiveness of inhaled corticosteroids to re-
duce relapse after discharge is compared to placebo; once again, both
groups received standard care (7 days of oral prednisone and short-
acting B-agonists) at discharge. It is important for researchers to use
the correct dose, route of delivery and timing of treatment in order to
determine the true benefit (or harm) of the intervention compared to
standard care/placebo in drug trials. This is equally important when
the intervention is a non-drug treatment (e.g., education, procedure,
technology, etc.), since this will ensure valid comparisons of the inter-
vention and the control.

4 Outcome: There are a variety of outcomes reported in any emer-
gency or acute care research study. For example, in acute cardiac
studies disposition (e.g., death, admission/discharge, relapse, etc.),
clinical outcomes (e.g., recurrent angina, myocardial infarction, peri-
carditis, etc.), interventions (e.g., angioplasty, coronary artery bypass
grafting, etc.), physiological parameters (e.g., vital signs, oxygen sat-
uration, etc.), medication use (e.g., B-blocker use, aspirin use, etc.),
adverse effects (e.g., tremor, nausea, tachycardia, etc.), complications
(e.g., arrhythmia, pneumonia, etc.), and symptoms (e.g., quality of
life, specific symptoms, etc.) may all be reported. In other diseases,
some of these events would be rare (e.g., intubation in asthma or dis-
charge in myocardial infarction), and seeking evidence for the influ-
ence of interventions on these outcomes would be fruitless. The clini-
cian must select appropriate primary and secondary outcomes prior to
beginning their evidence search. The primary outcome should reflect
the outcome that is most important to the clinicians, patients, policy
makers and/or consumers.
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Table 1.1 Example of the PICO methodology for developing clinically appropriate questions in emergency medicine (see text for further details).

Population Intervention/control Outcome Design Topic
Adults with migraine headache in the ED  Metoclopramide vs systemic DHE Pain relief and relapses after ~ RCT Therapy
discharge
Adults with new onset COPD Exposure to work-related or environmental ~ Development of COPD Prospective cohort  Etiology
irritants
Adults in the ED with acute swollen Use of Well's criteria vs unstructured Diagnosis of DVT/PE Prospective cohort ~ Diagnosis
leg and chest pain clinical exam
ED adult migraine headache patients Corticosteroids vs control Relapse to additional care RCT Therapy/prognosis
discharged home
Adult contacts of a documented case Ciprofloxacin vs hygiene practices Prevention of meningitis RCT Prevention

of meningitis

COPD, chronic obstructive pulmonary disease; DHE, dihydroergotamine; DVT, deep vein thrombosis; ED, emergency department; RCT, randomized controlled trial; PE,

pulmonary embolism.

Often the clinician may also be interested in secondary out-
comes, side-effects and patient preference. While patient prefer-
ence is not often reported in clinical trials and therefore SRs, side-
effects and secondary outcomes are commonly encountered. The
importance of secondary outcomesis that if their pooled results are
concordant with that of the primary outcome, this adds corrobo-
rating evidence to the conclusion. In addition, side-effect profiles
provide the patients, clinician and others with the opportunity to
evaluate the risks associated with the treatment. Unfortunately,
the lack of uniform reporting of side-effects often precludes these
outcomes from being evaluated with any rigor.

Improving efficiency in question development

Two additional components to be considered in the development
of an answerable question for a clinical case are the topic area and
the study methodology or design [27].

1 Topic areas: While selecting between topic areas may initially appear
straightforward, there can be confusion. For example, is chest comput-
erized tomography (CT) testing in pulmonary embolism a diagnostic
or a prognostic topic? Clearly, the use of chest CT has been examined
as a diagnostic tool compared to clinical signs and symptoms, and a
review in this area would encompass a diagnostic domain. When CT
testing is used to predict outcome (e.g., death, length of stay, etc.) and
complications (e.g., pulmonary hypertension) then the topic would
be considered a prognostic question. Since there are other domains
of systematic reviews (including therapy, prevention and etiology), by
selecting the topic of the clinical question, this further clarifies the
approach for the clinician.

2 Design: The design of the studies to be selected should also be care-
fully considered in the initial question formulation. For example, if one
is interested in a therapeutic topic, the best level of evidence (HIGH)
includes results from large RCTs or SRs [28,29]. The next level of evi-
dence might be small RCTs, which are insufficiently powered. Finally,
observational studies (e.g., cohort, case—control, case series) would
be considered lower levels of evidence for treatment. It is therefore

appropriate and efficient for initial searches for therapy answers to be
limited to systematic reviews and randomized controlled trials.

Locating the evidence: literature searching

Clearly, we cannot do justice to literature searching in an intro-
ductory chapter on evidence-based emergency medicine. Search-
ing for evidence is a complex and time-consuming task, especially
with the rapid growth of journals and publications which has in-
creased the body of evidence available in the peer-reviewed pub-
lished literature. For example, to ensure that one has identified all
relevant possible citations pertaining to a clinical problem, simple
searching is often ineffective [30]. Search of MEDLINE, the bibli-
ographic database of the National Library of Medicine, for RCTs
using a non-comprehensive search strategy will miss nearly half
of the relevant publications, depending on the specialty and topic
area [31].Inaddition, by not adding other electronic searches (e.g.,
EMBASE, the European-based electronic database maintained by
Elsevier), clinicians run the risk of missing considerable evidence
[32]. Hand-searching has been shown to increase the yield of RCT
searches; however, this is an unreasonable task for busy clinicians
and many researchers [32]. Finally, unpublished and foreign lan-
guage literature may contain important information relevant to
your patient’s problem and should not be excluded. Given the vol-
ume of literature, the search strategies required and the need for
multi-lingual translation, it is hardly surprising that clinicians find
it difficult to obtain all of the relevant articles on a particular ques-
tion in a timely fashion. Several strategies can be used to address
this issue. One strategy is to target searches, using designated filters
(Table 1.2) [8]. Another, and the choice of this text, is to search for
high-quality systematic reviews, especially in therapy, to answer
important clinical questions [33]. Finally, seeking the advice of a
librarian knowledgeable in the various electronic resources, search
terms and search strategies is always worthwhile.
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Table 1.2 Common search strategies for identifying evidence

from electronic databases using search filters. Topic Highest level design Search terms

Therapy RCT Publication type: RCT; controlled clinical trial; clinical trial
MeSH headings: RCTs; random allocation; double blind;
single blind; placebo(s)

Therapy SR Publication type: review; SR; meta-analysis
MeSH headings: MEDLINE

Diagnosis Prospective cohort Publication type: diagnosis
MeSH headings: sensitivity and specificity
Text word: sensitivity

Prevention RCT, SR See above for RCT and SR

Etiology Prospective cohort Text word: risk

MeSH, medical subject heading; RCT, randomized controlled trial; SR, systematic review.

Clinical epidemiology terminology

There is a unique lexicon used in clinical epidemiology in gen-
eral and in systematic reviews in particular. It may be helpful to
readers for the editors to describe several of the important terms
here (also see the list of abbreviations in the prelims) since they are
used frequently in the forthcoming chapters. Publication bias and
selection bias are two important terms. Publication bias refers to
the publication of positive results faster, in higher impact journals,
and to the exclusion of negative results in the medical literature
[34]. Publication bias can be reduced when authors search widely
and comprehensively for all published and unpublished literature,
irrespective of the publication status, journals or language of pub-
lication. Bias can occur in the selection of evidence to cite and can
be reduced when multiple authors independently decide which
articles to select for evidence synthesis. While this is a problem
in many areas of medicine, it seems less of an issue in emergency
medicine [34].

The reporting of statistical issues in EBM and especially SRs
is particularly important to understand. For dichotomous vari-
ables (e.g., admit/discharge, relapse/no relapse, event/no event),
individual statistics are usually calculated as odds ratios (OR) or
relative risks (RR) with 95% confidence intervals (ClIs). Pooling
of individual trials is accomplished using sophisticated statistical
techniques that employ either a fixed or random effects model. The
“weight” of each trial’s contribution to the overall pooled result
is inversely related to the trial’s variance. In practical terms, for
dichotomous outcomes, this is largely a function of sample size:
the larger the trial, the greater contribution it makes to the pooled
estimate.

The results of most efforts to quantitatively pool data are repre-
sented as Forrest plots and these figures will be used extensively by
authors in this textbook. In such displays, the convention is that
the effects favoring the treatment in question are located to the
left of the line of unity (1.0), while those favoring the control or
comparison arm are located to the right of the line of unity. When
the 95% CI of the pooled estimate crosses the line of unity, the

result is considered non-significant (Fig. 1.1). In addition, tests of
statistical significance are also provided.

For continuous outcomes, weighted mean differences (WMDs)
or standardized mean differences (SMDs) and 95% Cls are usually
reported. The use of the WMD is common in many systematic
reviews and is the difference between the experimental and control
group outcomes, when similar units of measure are used [35]. The
SMD is used when different units of measure are used for the
same outcome. For continuous variables with similar units (e.g.,
airflow measurements), a WMD or effect size (ES) is calculated.
The “weight” of each trial’s contribution to the overall pooled
result is based on the inverse of the trial’s variance. In practical
terms, for continuous outcomes, this is largely a function of the
standard deviation (SD) and sample size: the lower the SD and the
larger the sample size, the greater contribution the study makes to
the pooled estimate. For continuous measures with variable units
(suchas quality oflife or other functional scales), the use of an SMD
is often used. For example, if quality of life were measured using
the same instrument in all studies, a WMD would be performed;
however, if the quality oflife was measured using multiple methods
all producing a “score”, an SMD would be calculated. For both
the SMD and WMD), the convention is the opposite of that for
dichotomous variables, that is, effects favoring the treatment in
question are located to the right of the line of unity (0) while those
favoring the control or comparison arm are plotted to the left.
Once again, when the 95% CI crosses the line of no effect, the
result is considered non-significant.

Number needed to treat (NNT) is another method of expressing
a measure of effect [36]. In the reviews contained in the Cochrane
Library, theabsolute risk reduction (ARR) isrepresented by the risk
reduction statistic, and the inverse of this (and its 95% CI) provides
the NNT estimation. Another convenient method to calculate the
NNT is to use on-line calculators (www.nntonline.net). Finally,
less exact methods are available to estimate the NNT; however,
caution is advised, since these approaches often result in gross
approximations of NNT.

Heterogeneity among pooled estimates is usually tested and
reported [37]. There are a number of ways of describing
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Study Corticosteroids Control RR (random) Weight RR (random)

or sub-category n/N n/N 95% Cl % 95% ClI
Study 1, 2001 11/157 21/144 — — 44.69 0.48 [0.24, 0.96]
Study 2, 2000 3/31 5/29 _— 11.99 0.56 [0.15, 2.14]
Study 3, 1999 2/18 4/16 _ 8.85 0.44 [0.09, 2.11]
Study 4, 2000 5/68 18/79 e 24.52 0.32 [0.13, 0.82]
Study 5, 2003 2/25 7/25 —a 9.94 0.29 [0.07, 1.24]

Total (95% Cl) 299 293 <& 100.00 0.42 [0.26, 0.67]

Total events: 23 (corticosteroids), 55 (control)

Test for heterogeneity: chi® = 0.90, df = 4 (P =0.92), > = 0%

Test for overall effect: Z= 3.68 (P = 0.0002)

0.01 0.1 1 10 100

Figure 1.1 Typical systematic review summary figure (referred to as a Forrest
plot) used in therapy trials. Note: that in this Forrest plot, five trials have been
conducted that compared corticosteroids to placebo to prevent a relapse event.
Each study is represented by the point estimate for the outcome in question and by
confidence intervals on either side of that value. The vertical line corresponds to a
relative risk (RR) of 1.0; studies where the confidence interval crosses the 1.0 line
(studies 2, 3 and 5) demonstrate no statistically significant difference between the
groups (i.e., those receiving any corticosteroids versus those receiving placebo).
Values to the left and not crossing the vertical line (studies 1 and 4) indicate a

heterogeneity statistically; the Cochrane reviews often report the
I-squared (I?) statistic [38]. Pooled statistics assessed for hetero-
geneity using the I* statistic are provided with a percentage mea-
surement of heterogeneity; heterogeneity can broadly be classified
as limited (P < 30%), moderate (30% < I* < 75%) or severe (P
> 75%). Sensitivity and subgroup analyses are often performed
to identify sources of heterogeneity, when indicated. Caution has
been advised when interpreting subgroup analyses and practical
approaches to them have been published [39].

Favors treatment

Favors control

clear benefit of corticosteroids. Values to the right and not crossing the vertical
line (Study 1 and 4 in this example), indicate that patients receiving placebo had
better outcomes than those receiving corticosteroids. The large horizontal black
diamond at the bottom of the figure corresponds to the pooled results of the
individual studies. The “weight" column represents the percentage contribution of
each study to the pooled result. The individual and pooled RR and 95% Cls are
displayed to the right of the diagram. Finally, the test for heterogeneity of the
pooled result and the overall effect are depicted in the left lower corner as both /2
and chi-squared statistics (see text for further details).

Collecting and interpreting the evidence for
clinical practice

Evidence-based medicine relies on the synthesis and reporting
of evidence using a format that may be unfamiliar to clinicians
(see lexicon above). With multiple publications on a specific topic
often identified, some evidence can be summarized statistically
as pooled likelihood ratio (LR) for diagnostic test questions or

Organization Website address

Table 1.3 Selected evidence-based emergency medicine
(EBEM) websites.

Cochrane Collaboration

Cochrane Prehospital and Emergency Health Field
(CPEHF)

Bandolier (various EBM topics)

Annals of Emergency Medicine EBEM Section
BestBets

ACP Journal |[EBM Journal

Agency for Health Care Policy and Research (AHRQ)
Centre for Evidence-Based Medicine (Oxford, UK)

Canadian Agency for Drugs and Technologies in Health
(CADTH)

National Institute for Health and Clinical EXcellence (NICE)
Centre for Reviews and Dissemination (CRD)
VirtualRx (NNT calculations)

http://www.cochrane.org

http://www.bestbets.org

http://www.ahrg.gov
http://www.cebm.net

http://www.cadth.ca

http://www.nice.org.uk

http://www.cochranepehf.org

http://www.jr2.ox.ac.uk/bandolier/

http://www.annemergmed.com

http://ebm.bmjjournals.com/

http://www.york.ac.uk/inst/crd/

http://www.nntonline.com/ebm/visualrx/nnt.asp

This list is neither comprehensive nor complete; it represents some of the EBEM resources of use to the authors.
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pooled outcome measures (e.g., OR, RR, NNT) in therapy ques-
tions. These efforts are made possible when the population, in-
tervention/exposure, control, outcome measure and the designs
of the identified studies demonstrate similarities. At other times,
these PICO features preclude pooling of evidence and the best
possible summary of evidence is descriptive or qualitative. Wher-
ever possible, these approaches will be applied in this text in an
effort to distill the evidence for the practicing emergency clinician.
There are many text resources as well as internet-based resources
available to the reader that can provide additional information,
calculations and interpretations of these pooled effect measures
(Table 1.3).

Conclusions

Much progress has been made in emergency medicine over the
past quarter-century in the areas of diagnosis, therapy, prevention
and prognosis. The synthesis of this evidence has been undertaken
by many researchers and there is now increasingly valid and reli-
able evidence for the management of many common conditions
presenting to the emergency department. This book attempts to
summarize this evidence using a system that values best evidence
using relevant examples from clinical practice. We recognize it is
not yet comprehensive in all clinical areas; however, as the first
evidence-based emergency text, we hope that it is both illustrative
and iterative. We anticipate both refinements and substantial ex-
pansions of this pilot text in the future. Our goal is to improve the
translation of knowledge from the evidence to the bedside in emer-
gency medicine and we hope you will find this approach helpful
in improving the clinical care provided at the bedside.
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