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NOTICE

Medicine is an ever-changing science. As new research and clinical experience
broaden our knowledge, changes in treatment and drug therapy are required. The
authors and the publisher of this work have checked with sources believed to be reli-
able in their efforts to provide information that is complete and generally in accord
with the standards accepted at the time of publication. However, in view of the possi-
bility of human error or changes in medical sciences, neither the authors nor the
publisher nor any other party who has been involved in the preparation or publica-
tion of this work warrants that the information contained herein is in every respect
accurate or complete, and they disclaim all responsibility for any errors or omissions
or for the results obtained from use of the information contained in this work. Read-
ers are encouraged to confirm the information contained herein with other sources.
For example and in particular, readers are advised to check the product information
sheet included in the package of each drug they plan to administer to be certain that
the information contained in this work is accurate and that changes have not been
made in the recommended dose or in the contraindications for administration. This
recommendation is of particular importance in connection with new or infrequently
used drugs.
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FOREWORD

I remember my introduction to the medical history and clini-
cal examination as the most exciting moments of my early
career. As each item in the history and physical examination
was explained and given meaning and significance, I believed
that after the long preclinical years I had at last reached the
threshold of becoming a physician. I could begin to hold more
than a comforting conversation with a patient. I could use my
ears, eyes, and hands to disclose the patient’s problem and so
begin to be of actual use to a real patient. As I polished my
skills, it did not occur to me that the divination of all those
signs and symptoms was anything but an art: the epitome of
the art of medicine.

But, with time, I realized that many of the so-called pathog-
nomonic symptoms and signs were so merely because some-
one, often the person whose name was attached to them, had
declared that they were. Doubt started to overtake accepted
wisdom as it became clear to me that little worthwhile evi-
dence supported the artist’s tools I thought I had mastered.

Towards the end of the 1980s, my friend David Sackett, then
chief of medicine and clinical epidemiology and biostatistics at
McMaster University, showed me a new way of thinking about
all this. He equated items in the history and the physical exami-
nation with traditional diagnostic laboratory tests, each suscep-
tible to evidentiary testing. So he and I began planning 2 series
of articles on evidence-based medicine to appear in JAMA. One
of these, the Users’ Guides to the Medical Literature, was soon
placed into the capable hands of Gordon Guyatt, also of McMas-
ter University, and articles began to appear in JAMA in 1993. By
2002, they were printed in updated form in 2 books, an Essen-
tials and a fuller Manual,'* both of which have been so successful
that second editions** have just been published.

The other series consisted of The Rational Clinical Examina-
tion articles and started appearing in 1992. With the first arti-
cle, Sackett and I published an editorial.® We reminded our
readers of studies that showed that primary care providers
usually establish the correct diagnosis at the end of a brief his-
tory and some subroutine of the physical examination. So on
practical grounds alone, it made sense to improve our under-
standing of the parts of the history and examination that were
useful, or useless, in pinning down, usually at an early stage of
the disease, one diagnosis and ruling out others. We contrasted
symptoms and signs with laboratory tests, which were sub-
jected to rigorous testing before adoption, but which might
have far less ability to narrow the diagnostic possibilities. As an
example, we observed the overwhelming probability of coro-
nary stenosis in a 65-year-old man who has smoked all his life
when he tells you that he gets central chest tightness regularly
on exertion, which forces him to stop and which disappears
when he rests.*’

Perhaps most important, by encouraging research into the
history and physical examination, we wanted to restore

respectability to a part of medicine that seemed to have been
eroding as academic and financial rewards went to those who
most resembled scientists relying on expensive diagnostic tests
and least behaved as physicians relating to patients.

It is no coincidence that both Sackett and I, authors of the
editorial launching the series, have served roles in the
Cochrane Collaboration, an initiative that has had a massive
effect on the way we see evidence and a profound influence on
the methods and popularity of systematic review and meta-
analysis. These sciences, as well as that of decision making, had
grown up and spread to medicine during the 1970s and 1980s.
Without them, both the Cochrane Collaboration and The
Rational Clinical Examination series would have been impos-
sible undertakings; indeed, the entire evidence-based move-
ment would have grown far more slowly.

At the same time, because of the unfamiliarity of these tech-
niques and the revolutionary approach we were taking,
namely, a scientific examination of what most clinicians con-
sidered to be an ineffable art not susceptible to dissection, we
published a primer on the precision and accuracy of the clini-
cal examination. This laid out the approach to be taken and
took the reader through the terms, methods, and calculations
underpinning clinical diagnosis.?

Although each article’s purpose could be worked out from
its title, the full meaning of the concepts took time to sink in,
as I discovered from comments sent in by many of the expert
specialty peer reviewers to whom I sent the manuscripts as
they came in to JAMA. Indeed, it was unfamiliar even to some
prospective authors. David Sackett had a firm belief that the
reviews would be done best by generalist physicians who had
learned basic critical appraisal skills. As the editor, I learned
that these generalist physicians were often speaking a different
language from our specialist reviewers. Sackett was clearly cor-
rect, and it remains commonplace for specialty reviewers to
ask that specialists be added to the writing team because, well,
they are specialists. What has happened in our process is that
both authors and reviewers learn from the editorial review
process, with specialty reviewers ensuring that authors inter-
pret the data in the proper context. In return, the specialists
often learn that much of what they took for granted has no
basis in evidence.

The Rational Clinical Examination book should not replace
books on clinical diagnosis. But, somewhat as the Cochrane
Database of Systematic Reviews provides a systematic evaluation
of all studies on a particular intervention without becoming pre-
scriptive, so articles in The Rational Clinical Examination series
are careful systematic efforts to assess the accuracy of items from
the patient’s medical history and the clinical examination. In
this sense, they are a revolutionary departure from what we have
regarded as books on physical diagnosis, which, until the first
articles in The Rational Clinical Examination series appeared,

Copyright © 2009 by the American Medical Association. Click here for terms of use.
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Foreword

had never taken that approach. Since then, however, such books
have already started using the evidence as summarized in arti-
cles in the series.

In his preface to the eighth edition of DeGowin’s Diagnostic
Examination, Richard LeBlond writes:

References to articles from the medical literature are in-
cluded in the body of the text. We have chosen articles
which provide useful clinical information including excel-
lent descriptions of disease and syndromes and, in some
cases, photographs illustrating key findings. Evidence-
based articles on the utility of the physical exam are includ-
ed, mostly from The Rational Clinical Examination series
published over the last decade in the Journal of the Ameri-
can Medical Association. They are included with the caveat
that they evaluate the physical exam as a hypothesis-testing
tool, not as a hypothesis generating task. ...°

Our series is indeed about testing tests (symptoms, signs) to
separate the useful from the useless and so is about testing
hypotheses. Books on physical diagnosis are hypothesis gener-
ating in that they are a compendium of instructions on how to
elicit all symptoms and signs, typically presented in the
absence of any certain disease consideration or context, typi-
cally organized by organ system (eg, “the cardiovascular exam-
ination”). In contrast, our articles are usually organized by a
certain condition (eg, “Does this patient have systolic dysfunc-
tion?”). And, although there are a few articles in which the
authors take a more hypothesis-generating tack (eg, those on
splenomegaly and hepatomegaly), we always frame them in a
clinical context.

An issue all along has been whether, and how much, to inte-
grate the evidence on symptoms and signs with that provided
by diagnostic tests. In general, we have had so much material
to deal with, and there are so many good texts on diagnostic
tests, that we have limited our approach as much as common
sense would allow. Some articles do include assessments of a
few basic laboratory and radiologic studies that are commonly
available to the clinician and that can be interpreted only by
the physician in the clinical context (eg, the sedimentation rate
for temporal arthritis or vascular congestion on a chest radio-
graph for systolic dysfunction). Recently, we expanded the
series to include “rational clinical procedures,” because many
procedures are actually part of the clinical examination and
tightly linked to the presence of the history and physical exam-
ination findings."

David Simel of Duke University had been immediately
excited by the concept and was a coauthor of the first article in
the series, “Does This Patient Have Ascites? How to Divine
Fluid in the Abdomen.”" At that time, 1992, Simel made it
clear that he intended to devote his research career to investi-
gating this crucial area of medicine, and soon after he took
over as primary editor of the series. Since then, he has stimu-
lated large numbers of authors to complete these systematic
reviews. His personal involvement with authors has brought us
many more articles than we could otherwise have expected and
ensured a uniform presentation. He also made certain that
every manuscript had been through review before submission

to JAMA, where I put each manuscript through rigorous exter-
nal peer review, just as with all original submissions to JAMA.

Each review is a considerable undertaking, often requiring
more than a year of unpaid and often unappreciated work,
which explains why it has taken 15 years to produce what is
now more than 70 articles in JAMA. As news of the series
spread, volunteer authors suggested their own topics of inter-
est. The appearance of fully fledged review articles depended
on the skills and persistence of the authors and on the persua-
sive powers and analytic assistance of David Simel. Even then,
more than a fifth of the proposed topics failed to result in pub-
lishable manuscripts, usually because the authors found insuf-
ficient evidence. It is for that reason that Simel and I published
in 1995 a plea for support for a wide research agenda and the
formation of collaborations to ensure that the wide gaps in our
knowledge were filled.!?

With the publication of this book, Simel has updated the
first 51 published articles either alone or with the original
authors. In addition, he has updated the primer*—essential for
all readers of this book. David Simel’s contributions to this
series, and the transformation he has wrought in how we think
about the clinical examination, have been immense, and work-
ing with him has been a privilege and a delight.

This is the first book in The Rational Clinical Examination
series. Our plan is to keep soliciting and publishing in JAMA
articles on fresh Rational Clinical Examination topics. We wel-
come volunteers with good ideas who are prepared to under-
take the work. We will accumulate these articles, keeping them
current with updates, and publish them as new chapters online
and in succeeding editions of The Rational Clinical Examina-
tion book. The Rational Clinical Examination will be published
online with a set of teaching/learning slides for each chapter
and will be integrated with the Users” Guides to the Medical Lit-
erature and other online-only content and features in an exten-
sive evidence-based medicine Web site called, JAMAevidence
(http://www.JAMAevidence.com).

David Simel and I welcome Sheri Keitz (recently of the
Durham Veterans Affairs Medical Center and Duke Univer-
sity, who has now moved to the University of Miami) as edi-
tor of The Rational Clinical Examination Education Guides.
Sheri has many talents, including a fine critical eye. She has
prepared or supervised development of all the teaching
slides, and she has reviewed most of the Updates to the origi-
nal manuscripts.

The series started with the encouragement of George Lund-
berg, then editor-in-chief of JAMA and the Archives journals.
His successor, Cathy DeAngelis, has consistently and very
strongly supported us, helping negotiate the complex path to
publication. Annette Flanagin has been a tireless worker in
this, as in so many other JAMA causes. This book would not
have been possible without her.

We are grateful to Barry Bowlus for directing the publishing
of this book and to Richard Newman for his advice and sup-
port. We are also grateful for the expertise of Jim Shanahan,
Robert Pancotti, Helen Parr, and others at McGraw-Hill, as
well as Peter Compitello at NewGen, and Holly Auten and her
colleagues at Silverchair.


http://www.JAMAevidence.com

Publishing, like medicine, moves forward. During the last
few years, the illustrations in JAMA have come under the care
of Ronna Siegel and 2 medical illustrators, Cassio Lynm and
Alison Burke. The series articles have benefited from their
extraordinary skills, and improvements continue with the
introduction of video images, as well as teaching clips. We also
thank Cara Wallace and Angela Grayson for their expert edit-
ing and support.

The response to the articles published in JAMA tells us that
this book will be useful. We also hope that readers will be stim-
ulated to conduct research on aspects of the clinical examina-
tion. Perhaps readers will contact us if they believe they can
undertake the sort of review that could constitute future arti-
cles in JAMA and chapters in the next book.

——Drummond Rennie, MD, FRCP, MACP
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PREFACE

I’ve never met a medical student who lacked passion for mak-
ing a diagnosis. And, among all the diagnoses a student might
make, clinching the case right at the bedside is the most trea-
sured. The same holds true not only for physicians in practice
but also for all those involved in caring for patients—physician
assistants, nurses, and physical therapists must each constantly
assess their patient and consider what’s wrong. The Rational
Clinical Examination series, published in JAMA since 1992
and collected in this book, should appeal to anyone who won-
ders about the meaning of a patient’s symptoms and signs.
Many indispensable textbooks instruct learners on “how” to
elicit the medical history and perform the physical examina-
tion, but we suspect that, once the “how” is learned, clinicians
only infrequently return to what was one of their favored text-
books during their training years. When I ask clinicians to
recall the book they used for physical diagnosis class in medi-
cal school, there is no pause before they state DeGowin and
DeGowin, Bates, Mosby, Schwartz, or another of a select few.
We see The Rational Clinical Examination as an essential com-
panion to, and not a replacement for, these time-honored texts
of the “complete” medical history and physical examination.

Although standard textbooks might clearly describe several
maneuvers for detecting ascites, for example, we identify those
findings that work best. Although textbooks typically march
from “head to toe” without regard to diagnoses when describ-
ing the complete physical examination, we start with clinical
diagnostic questions and provide data that identify the most
relevant symptoms and signs. Unlike physical examination
textbooks, we also provide data on what does not work,
derived from a thorough review of the literature that backs up
our recommendations.

Please recognize that we can never replace a great textbook on
the complete medical history and physical examination because
we will never be complete in describing the rational clinical exam-
ination. There are many diagnoses we have not yet reviewed and
many more to come. After more than 15 years of producing sys-
tematic reviews in JAMA, which included the article that launched
the evidence-based medicine movement,' it was time for us to
update and combine our work in one resource for learners and
clinicians to enjoy.

Accordingly, this book is evidence based. We present the
original Rational Clinical Examination article, followed by an
Update. For each topic, we recreated the original literature
search and evaluated the new literature dating from 1 year
before the publication of the original article to the time we
prepared the Update. If anything, we tried to be even more
restrictive in applying our quality measures for including new
research in the Updates. The Updates follow a format similar
to that of the original articles: they open with a clinical sce-
nario, present the results of the literature search, and summa-
rize new information. Sometimes we discovered that we had

not reviewed the topic as thoroughly as we thought, so we also
recount any improvements we made when we reanalyzed data.
Simple tables display the new findings that we incorporate
with the previously published data.

Because evidence-based guidelines for most diseases did not
exist when we launched The Rational Clinical Examination
series, we review the recommendations of the major federal
agencies for each of the topics and highlight how our informa-
tion supports or differs from those recommendations. Finally,
we include a Make the Diagnosis section that gives a summary
of the prior probability of the target disorder, the population
for whom the target disorder should be considered, a table of
likelihood ratio data for the best clinical findings, and a list of
the accepted reference standards.

Some readers will want more data, so we provide a structured
review of every article identified in our Update that met our
inclusion criteria. These reviews are available online in an Evi-
dence to Support the Update section, available at http://www.
JAMAevidence.com. JAMAevidence is a Web site resource for
learning, teaching, and practicing evidence-based medicine that
includes the complete online content of The Rational Clinical
Examination and the Users’ Guides to the Medical Literature,
along with other features, such as downloadable projection slides
to enhance classroom or conference teaching and learning expe-
rience, an extensive evidence-based medicine glossary, functional
calculators, question wizards, customizable worksheets, podcasts,
and regular updates.

We hope that long-time readers of The Rational Clinical
Examination series will recognize the painstaking care and prep-
aration taken during the review of each topic. Every Update was
reviewed by an author of the original article or a clinician who
had no involvement with the original publication. Although this
alone might seem reassuring and unlike typical medical text-
books, we went a step further.

For each topic, a slide presentation, called an Education
Guide, has been prepared, primarily by Duke University
Department of Medicine residents, or in a few cases by young
clinical Duke University faculty members, all supervised by
Sheri A. Keitz, MD, PhD. The Education Guides follow a simi-
lar format and have been “field-tested” among learners. The
goal in preparing the Education Guides was to have the learn-
ers create a set of materials for their instructors that match
how they, the learners, hope the topic would be taught. Just
like the Updates themselves, the slides have also been reviewed.
From this, we learned that trainees are among our most critical
readers—they expect careful, accurate, and thoughtful presen-
tation and exposition. The Education Guides slides are avail-
able online at http://www.JAMAevidence.com.

For current students, The Rational Clinical Examination
demonstrates the correct way to learn the medical history
and physical examination, giving direction in interpreting
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Preface

the results and answering questions that typical physical
examination textbooks do not systematically address. For
teachers, the Education Guides, amply supplemented with
teacher’s notes, allow you to teach physical diagnosis with an
evidence-based approach. For established practitioners, per-
haps far removed from their introductory physical examina-
tion course, we hope to challenge any cynicism that clinical
examination is all “art.” There is a science behind the art of
clinical examination. We hope you discover that learning this

science not only validates your role as a clinician and
improves your skills but also is fun.

——David L. Simel, MD, MHS
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CHAPTER

A Primer on the
Precision and
Accuracy of the
Clinical Examination

David L. Sackett, MD, MSc Epid, FRCPC

This background article will introduce and explain the terms
and concepts that are being used in the series of overviews on
the rational clinical examination that begins in this issue of
THE JOURNAL. It includes definitions and explanations of cer-
tain key concepts, clinical examples, guides for reading clinical
journals about a diagnostic test, and a blank “working table”
that you can use to apply the concepts on your own.

Background articles in this series will discuss selected
issues in the precision and accuracy of the clinical examina-
tion in greater detail or extend them to more complex diag-
nostic situations. Some of these issues are also discussed in
clinical epidemiology textbooks.!

Of course, the precision and accuracy of the clinical
examination are not the only concerns in the clinical
encounter, and their proper application provides only the
starting point for decisions about how certain we need to
be about a diagnosis before we act on it (the decision
threshold) and how we ought to incorporate the concerns
of both patients and society in deciding whether and how
to act. Later background articles will discuss these addi-
tional considerations; this one will be confined to precision
and accuracy.

Like others in the series, this background article will be
introduced with a patient.

THE PATIENT

One of your patients, whom you have not seen for several
years, is admitted to the orthopedic service after a packing
crate has tipped over onto his leg, producing an unstable
fracture of his distal tibia and fibula. You stop by to see him
as he is being prepared for surgery. He is alert and hemody-
namically stable but smells of alcohol (at 10 AM) and has 3
spider nevi on his upper chest (but no gynecomastia or
asterixis). He is obese, and his belly is prominent. Among the
questions that are raised in your mind, the following are of
special significance:

1. Is this man an alcoholic? You would place the odds for this
disorder at 50-50 (and the science of the art of how clini-
cians generate these odds will be the subject of a later back-
ground article). The answer to this diagnostic question is
important in the long run and in protecting him from the
complications of acute withdrawal during and after his
operation.

2. Does he have ascites? You are much less sure here, but if he
is alcohol dependent you would place the odds that the
prominence of his belly represents ascites also at 50-50.
Again, it would be important to know whether he has this
manifestation of advanced alcoholic liver damage.

Your options for answering these questions are several. To
explore his possible alcohol abuse or dependency, (1) you
could take the time required for a thorough confrontation and
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Alcohol Abuse
or Dependency
Yes No
60 1
No. of 30r4 (True +) (False +) 61
Positive
Answers a|b a+b
to the c|d c+d
4 CAGE 2,1 57 400
Questions » b
Or none (False -) (True -) 457
a+c |b+d a+b+c+d
117 401 518

Figure 1-1 The CAGE Questions for Alcohol Abuse or Dependency
Characteristics: sensitivity, a/(a + ¢) = 60/117 = 0.51, or 51%); specificity,
d/(b+ d) = 400/401 = 0.998, or 99.8%. Predictions: positive predictive
value or posttest probability of having the target disorder (alcohol abuse or
dependency) for patients with 3 or 4 positive responses, a/(a + b) = 60/61
=0.98, or 98%; negative predictive value or posttest probability of not hav-
ing the target disorder for patients with 2 or fewer positive responses, d/(c +
d) = 400/457 = 0.88 or 88%; posttest probability of having the target disor-
der for patients with 2 or fewer positive responses, ¢/(c + d) = 57/457 =
0.12, or 12%. Prevalence or pretest probability of having the target disorder
(adapted from Bush et aF), (a+ ¢)/(a+ b+ ¢+ d) =117/518 = 23%.
Abbreviation: CAGE, cut down, annoyed, guilty, eye opener.

interrogation about the amount of alcohol he consumes (and,
in the process, risk alienating him, estranging the nursing staff,
and exasperating yourself); (2) you could order 1 or more liver
function tests; (3) you could even request one of the new, “hot”
tests for platelet enzyme activity, reported to be elevated in
persons with alcoholism? or (4) you could ask him the 4 quick
“CAGE” questions: Have you ever felt you should cut down on
your drinking? Have people annoyed you by criticizing your
drinking? Have you ever felt bad or guilty about your drinking?
Have you ever had a drink first thing in the morning to steady
your nerves or to get rid of a hangover (eye-opener)? This
opening example in the series is all the more appropriate when
we observe that the first report on the CAGE questionnaire in
a general medical journal was by John Ewing’ and that it was
accompanied by an editorial from a major supporter of this
series, George Lundberg.* To explore his possible ascites,
(1) you could check him for shifting dullness, fluid wave, or
even the puddle sign; (2) you could order an abdominal ultra-
sonographic examination; or (3) you could simply ask him
whether he has ever had swollen ankles.

Stop for a moment and consider the implications, in terms
of your time and somebody’s money, of the alternative ways
of answering these 2 questions. Would it not be better if you
could answer them both with just 5 quick questions (4 for
CAGE and 1 about ankle swelling)?

As it happens, you might be able to do just that. If he
answers yes to 3 or 4 of the CAGE questions, he is an alcohol-
abusing or alcohol-dependent man (and this medical history
is far more powerful than any laboratory tests you can

order). If he answers no to ankle swelling, you have pretty
well ruled out clinically important ascites (you could double
check the latter by testing for shifting dullness; like most such
patients, he did not have a fluid wave, and as you will learn in
a forthcoming overview on ascites, the puddle sign is not
useful in him or anybody else). Thus, for both questions, a
quick bedside examination has provided definitive diagnostic
information, without the need for laboratory testing or diag-
nostic imaging.

How can we make such a bold statement about the power
of these simple elements of the clinical history and physical
examination? The answer lies in the science of the art of clin-
ical diagnosis that underpins this series of overviews on the
rational clinical examination. This first background article
will introduce and illustrate the key elements of this science
(and readers who want a more detailed discussion of what
follows can consult a step-by-step discussion published
elsewhere!). The background articles also are intended to
convey the fun and gratification physicians derive from mak-
ing correct diagnoses with crispness and dispatch.

TAKING AN ALTERNATIVE HISTORY FOR ALCOHOLISM

Examine Figure 1-1. In it are shown the number of positive
answers to the CAGE questions from 2 groups of patients
admitted to the orthopedic or medical services of a commu-
nity-based teaching hospital in Boston, Massachusetts.’ In
the left-hand column are the responses from patients whose
extensive evaluations (including, where indicated, detailed
social histories, follow-ups, and liver biopsies) provided
acceptable “proof” that they were alcohol abusers or alcohol
dependent. In the right-hand column are patients whose
evaluations showed that they were not alcohol abusers or
dependent. These extensive confirmatory investigations
often are referred to as criterion standards of diagnosis and
typically consist of definitive findings at angiography, opera-
tion, autopsy, and the like.

This study is useful to clinicians because the CAGE history
and the extensive (reference or criterion standard) investiga-
tions were carried out independently among a wide spec-
trum of well-described patients in whom it was clinically
reasonable to inquire about alcohol abuse. It thus satisfies the
first criterion of a valid, clinically useful article on diagnostic
strategies that appears in Table 1-1 (has there been an inde-
pendent, “blind” comparison with a criterion standard of
diagnosis?). The readers’ guides in Table 1-1 have been used
by the authors of this series on the rational clinical examina-
tion to “screen” articles for inclusion in their overviews of
diagnostic approaches to specific clinical problems. Table 1-1
can be clipped and carried for easy reference when reading
clinical articles that make claims about the usefulness of
(especially new) diagnostic tests, and the reasoning behind
its elements are described in detail elsewhere.!

The study that generated Figure 1-1 also satisfied the sec-
ond, commonsense guide, for it was carried out in a patient
sample that included an appropriate spectrum of mild and
severe, treated and untreated alcoholism, plus individuals



with different but commonly confused disorders. The setting
for the study (a large, urban, general hospital) was described,
satisfying the third readers’ guide and permitting us to deter-
mine the applicability of the results to our own setting, and
the term normal (the fifth guide) was clearly and sensibly
defined as the absence of alcohol abuse or dependency (we
shall return to the fourth guide of reproducibility later).

The authors of the CAGE study were not proposing that
their questions be used as part of an extensive series (“clus-
ter”) of diagnostic tests (so the sixth guide does not apply),
and the questions were presented with their exact wording in
the article, satisfying the seventh guide and permitting their
exact application in the reader’s own practice. The final read-
ers’ guide (has the utility of the test been determined?) is sat-
isfied to the extent that the CAGE questions recognized far
more persons with alcoholism, especially alcohol abusers,
than routine clinical diagnosis and made them candidates for
treatment and counseling.

In summary, the CAGE study observed the methodologic
standards required for a valid and clinically useful descrip-
tion of the clinical applicability of any diagnostic informa-
tion, whether it comes from the clinical history, the physical
examination, or the diagnostic laboratory.

THE PRECISION OF THE CLINICAL EXAMINATION

For an item of the clinical history or physical examination
to be accurate, it first must be precise. That is, we need to
have some confidence that 2 clinicians examining the same,
unchanged patient would agree with each other on the
presence or absence of the symptom (such as our patient’s
answer to one of the CAGE questions) or sign (such as the
presence of spider nevi on our patient’s chest). The preci-
sion (often appearing under the name of “observer varia-
tion” in the clinical literature) of such clinical findings can
be quantitated.®

Suppose 2 clinicians recorded whether they found spider
nevi when they independently examined the same 100 patients
suspected of having liver disease and generated the data shown
in Figure 1-2. The 2 clinicians agreed that 23 of the patients
(cell a) had spider nevi and that 66 patients (cell d) did not;
thus, they agreed on (23 + 66)/100 = 89% of the patients they
examined. However, 6 patients (cell ¢) judged to have spider
nevi by the first clinician were judged not to have nevi by the
second, and 5 patients (cell b) judged to have spider nevi by
the second clinician were judged not to have nevi by the first.
How should we interpret this precision? Is this degree of clini-
cal agreement good, or should we expect better?

We might begin by recognizing that some clinical agree-
ment would occur by chance alone. For example, if the sec-
ond clinician merely tossed a coin for each patient instead of
carrying out an examination, reporting nevi if the coin came
up “heads” and no nevi if it came up “tails,” agreement would
be 50%. We should begin, then, by determining how much of
the observed agreement of 89% was because of chance, so
that we can find out how much real clinical skill (agreement
beyond chance) was being displayed by these clinicians.

CHAPTER 1 Primer on Precision and Accuracy

Table 1-1 Readers’ Guides for an Article About a Diagnostic Test

1. Has there been an independent, “blind” comparison with a criterion
standard of diagnosis?

2. Has the diagnostic test been evaluated in a patient sample that included
an appropriate spectrum of mild and severe, treated and untreated dis-
ease, plus individuals with different but commonly confused disorders?

3. Was the setting for this evaluation, as well as the filter through which
study patients passed, adequately described?

4. Have the reproducibility of the test result (precision) and its interpretation
(observer variation) been determined?

5. Has the term normal been defined sensibly as it applies to this test?

6. If the test is advocated as part of a cluster or sequence of tests, had its
individual contribution to the overall validity of the cluster and sequence
been determined?

7. Have the tactics for carrying out the test been described in sufficient
detail to permit their exact replication?

8. Has the utility of the test been determined?

First Clinician’s
Examination for

Spider Nevi
Positive Negative
. 23
Second Positive (Expect 8) 5 28
Clinician’s
Examination a|b a+b
for c|d c+d
Spider 66
Nevi Negative 6 (Expect 51) 72

a+c |b+d

a+b+c+d

29 7 100

Figure 1-2 The Precision of the Clinical Examination for Spider Nevi
Observed agreement:

(@a+d)(a+ b+ c+d)=(23 +66)/100 = 89%

Expected agreement:

Forcella, (a+ bl x[a+c)/(@a+ b+ c+ d)=(28x29)/100=8
Forcelld, [c+ d] x [b+ d)/(@a+ b+ c+ d) = (72 x 71)/100 = 51
Calculate expected agreement as (expected a + expected d)/(a+ b+ ¢+ d)
= (8 +51)/100 = 59%.

Agreement beyond chance = x = (observed agreement — expected agree-
ment)/ (100% — expected agreement) = (89% — 59%)/(100% — 59%) = 0.73.
Conventional levels of x: slight, 0.0-0.2; fair, 0.2-0.4; moderate, 0.4-0.6;
substantial, 0.6-0.8; almost perfect, 0.8-1.0.

Adapted from Lundberg.*

Chance agreement can be calculated by the formal process of
“marginal cross-products” shown in Figure 1-2, but it also
can be thought of as a coin toss in which, for example, the
first clinician’s coin came up heads 29% of the time (based
on [a + c|/[a + b + ¢ + d]). Thus, 29% of the 28 patients
judged to have spider nevi by the second clinician (a + b)
would also be judged to have them by the first clinician, and
29% of 28 is 8 (the number of patients we would expect to
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find in cell a by chance alone). Similarly, the first clinician’s
coin came up tails 71% of the time ([b + d]/[a + b + ¢ + d]),
and 71% of the 72 patients judged to be free of spider nevi by
the second clinician (¢ + d) is 51 (the expected value for cell
d). As a result, we would expect the 2 clinicians to agree (8 +
51)/100, or 59% of the time, on the basis of chance alone,
and the remaining potential agreement beyond chance is
therefore 100% — 59%, or 41%.

How much of this 41% potential agreement beyond chance
was achieved? This is determined by comparing it with the
actual agreement beyond chance of 89% — 59%, or 30%, and
30%/41% comes to 0.73, which means that about three-fourths
of the potential agreement beyond chance was achieved by our 2
clinicians. This measure of agreement goes by the name xand is
rather like a correlation coefficient.! It ranges from —1.0 (where 2
clinicians would be in perfect disagreement), through 0.0
(where only chance agreement was accomplished), to +1.0
(where 2 clinicians would be in perfect agreement). As you can
see in the listing of “conventional levels of k” that appears in the
legend for Figure 1-2, the agreement between our 2 clinicians is
considered “substantial,” and this is the case for many “present/
absent” aspects of the physical examination. As you might imag-
ine, agreement is greater still when the 2 examinations are car-
ried out by the same clinician.

Other items on the clinical examination do not fare as well.
For example, in one study of the chest examination, the « for
cyanosis, tachypnea, and whispered pectoriloquy was 0.36,
0.25, and 0.11, respectively.’

No measure of clinical agreement is ideal, and ¥ is no
exception. Its size is slightly affected by the frequency of the
abnormal finding in the group of patients being examined (it
is highest when half of the patients have the finding and tails
off a bit when the finding is extremely common or uncom-
mon). If your and our interests warrant, we shall come back
to this in a subsequent background article.

But, of course, high precision is not enough, for examiners
may be consistent but wrong in their assessments. All 5 mem-
bers of my clinical team occasionally fail to detect a big liver or
hear an important diastolic murmur. In other cases, clinicians
may be neither precise nor accurate. For example, a group of
iridologists was asked to examine the irises of a series of
patients and distinguish those with gallstones from those who
had sonographically empty gallbladders.® Their clinical agree-
ment was only “slight,” with an average k of 0.18 (about like
whispered pectoriloquy). More important, however, their
diagnostic accuracy was no better than chance: they missed
about half the patients with gallstones (sensitivity, 54%) and
diagnosed gallstones in about half the patients with negative
sonogram results (specificity, 52%). To understand sensitivity
and specificity, we must now shift from determining the preci-
sion of the clinical examination to defining the characteristics
of its accuracy.

THE CHARACTERISTICS OF THE
ACCURACY OF DIAGNOSTIC TESTS

Returning our attention to Figure 1-1, we can examine the
accuracy characteristics of the CAGE questions. The 60

patients in cell a of Figure 1-1 answered yes to 3 or 4 of the
CAGE questions and constitute 51%, or 0.51, of all the 117
patients (a + ¢) with a positive diagnosis of alcohol depen-
dency or abuse. The shorthand term for this proportion of
0.51, or a/(a + c), is sensitivity, and it is a useful measure of
how well a diagnostic test (whether a symptom, sign, or labo-
ratory test) detects a target disorder when it is present. The
closer the sensitivity to 100%, the more “sensitive” the clini-
cal or laboratory finding.

In the right-hand column are the responses from patients
for whom the criterion standard ruled out the diagnosis of
problem drinking. The 400 patients in cell d answered yes to
2, only 1, or none of the CAGE questions and constitute
99.8%, or 0.998, of all the 401 patients (b + d) who did not
have alcohol dependency or abuse. The shorthand term for
this proportion of 0.998, or d/(b + d), is specificity, and it is a
useful measure of how often a symptom, sign, or other diag-
nostic test is absent when the target disorder is not present.
The closer the specificity to 100%, the more “specific” the
clinical or laboratory finding. (Of course, clinicians are not
interested in sensitivity and specificity as such but in their
effect on the interpretation of positive and negative findings,
and we shall get to that shortly. Sensitivity and specificity are
properties that must be established beforehand, and that is
why they are presented here.)

You will observe that the sensitivity of the CAGE questions
is not impressive. The number of “true positives” in cell a is
almost equaled by the number of “false negatives” in cell ¢,
and the sensitivity of only 51% confirms that it “misses”
about half the problem drinkers. On the other hand, the
specificity of the CAGE questions is outstanding. The num-
ber of “true negatives” in cell d vastly outnumbers the num-
ber of “false positives” in cell b, and the specificity of 99.8%
confirms that it almost never labels a patient as a problem
drinker when this disorder is absent.

Now we can consider the “predictions” we make about our
patient according to the foregoing characteristics. Because of
the high specificity, virtually every patient in cell a who
answered yes to 3 or 4 of the CAGE questions (a + b) has the
target disorder, alcohol abuse or dependency, and the short-
hand term for this proportion a/(a + b), which is 60/61, or
98%, is the positive predictive value or posttest probability of
having the target disorder (among patients with 3 or more
positive answers). Moreover, despite the rather unimpressive
sensitivity, most of the patients in cells ¢ and d who answered
yes to none, just 1, or 2 of the CAGE questions were in cell d
and did not have the target disorder. The shorthand term for
this proportion d/(c + d), which is 400/457, or 88%, is the
negative predictive value or posttest probability of not having
the target disorder among those patients with 2 or fewer pos-
itive answers. The complement of this negative predictive
value, or ¢/(c + d), describes the posttest probability of hav-
ing the disorder among those patients with 2 or fewer posi-
tive answers, and this other way of saying the same thing is
found useful by some clinicians.

The reason that the negative predictive value looks rela-
tively high, despite the low sensitivity, lies in the fact that the
proportion of all patients in this study who had alcohol



dependency or abuse, (a + ¢)/(a+ b + ¢+ d), or 117/518, was
only 23% to begin with. That is, 100% — 23%, or 77%, of the
patients were not alcohol dependent before they were asked
any questions. The shorthand term for the previous knowl-
edge contained in this (a + ¢)/(a + b + ¢ + d) is prevalence or,
more usefully, the pretest probability of the target disorder
(because this pretest probability is the starting point for mak-
ing clinical use of the test characteristics, we will place it
above the “predictions” entries in subsequent figures).

In contrast to this pretest probability of 23% in the clinical
article describing the CAGE questions, in our patient, we
judged that the pretest probability of alcohol abuse or depen-
dency was 50%. How would the CAGE questions perform in
patients like ours? If the patients in the study summarized in
Figure 1-1 were like our own patient, we would expect the
result shown in Figure 1-3.

As long as the patient “mix” and severity of disease in the
CAGE study summarized in Figure 1-1 are similar to the
patient mix and severity of disease in our practice, we would
expect sensitivity and specificity to remain constant, despite
changes from the study’s to our patient’s pretest probability of
the target disorder. Thus, the sensitivity (51%) and specificity
(99.8%) in Figure 1-3 are the same as those in Figure 1-1.

Notice, however, that the negative predictive value has
decreased from 88% to 67% because predictive values must
change with changes in the prevalence of the target disorder.
One useful way to think about this is to carry through this
concept of prevalence. After all, the predictive value of a pos-
itive test result is simply the prevalence of the target disorder
among those patients with positive test results. Similarly, the
negative predictive value is the prevalence of not having the
target disorder among patients with a negative test result. No
wonder, then, that predictive values must change with a
change in the overall prevalence of the target disorder.

BACK TO THE PATIENT

Your patient readily admitted that he had cut down on his
drinking, that his spouse and workmates had annoyed him
by complaining about his drinking, and that he often needed
an “eye opener” to get going in the morning. According to
this quick medical history, and given your previous judgment
(before you had any knowledge of his responses to any of
these questions) that his chances of being alcohol dependent
were 50-50 (ie, a pretest probability of 50%), you can follow
his response through Figure 1-3 and conclude that his post-
test probability of alcohol dependency is 99.6%, or about as
certain as you ever can be about any diagnosis.

Your patient helps us make another general point: because
he gave a positive response to a diagnostic history whose speci-
ficity was extremely high (99.8%), you “ruled in” the target
disorder. A simple way of remembering this property of a pow-
erful diagnostic test is the acronym SpPin: when specificity is
extremely high, a positive test result rules in the target disorder.

Would the laboratory tests you were considering ordering
have saved you some time and done a better job of determining
this diagnosis? In fact, and in addition to delaying the diagnosis,
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Alcohol Abuse
or Dependency
Yes No
510 2
No. _9f 30r4 (True +) (False +) 512
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1000 1000 2000

Figure 1-3 The CAGE Questions for Alcohol Abuse or Dependency
When the Pretest Probability Is 50%

Characteristics: sensitivity, a/(a + ¢) = 510/1000 = 0.51, or 51%; specific-
ity, /(b + d) =998/1000 = 0.998, or 99.8%. Prevalence or pretest proba-
bility of having the target disorder, (@ + ¢//(a + b + ¢ + d) = 1000/2000 =
50%. Predictions: positive predictive value or posttest probability of having
the target disorder for patients with 3 or 4 positive responses, a/(a + b) =
510/512 = 0.996, or 99.6%; negative predictive value or posttest probability
of not having the target disorder for patients with 2 or fewer positive
responses, d/(c + d) = 998/1488 = 0.67, or 67%; posttest probability of
having the target disorder for patients with 2 or fewer positive responses,
c/(c+ d) = 490/1488 = 0.33, or 33%. Abbreviation: CAGE, cut down,
annoyed, guilty, eye opener.

their accuracy is much worse. In the same investigation that
studied the CAGE questions, the specificities for y-glutamyl
transpeptidase, mean corpuscular volume, and an entire liver
function battery were only 76%, 64%, and 81%, respectively.’
Moreover, the hot new test of platelet enzyme activity has a spec-
ificity of only 73%.2 Thus, in your patient, a simple medical his-
tory was not only quicker and easier but also far more specific.
What about his possible ascites? Given that you have estab-
lished the diagnosis of alcohol dependency, you already can plan
his perioperative and postoperative management to prevent,
detect, and treat alcohol withdrawal syndromes. Nonetheless,
you would like to know whether he has sufficient liver damage to
affect his handling of the sorts of drugs he is likely to receive.
Given his fractured ankle, the kneeling position required for elic-
iting the puddle sign is out of the question, and even a test for
shifting dullness will cause him considerable pain. He has
already been to radiology, and you do not want him to make the
trip again for an abdominal ultrasonographic examination if you
can avoid it. His uninvolved ankle is not swollen now, and he
tells you he has never had ankle swelling in the past. Would this
simple medical history for previous ankle swelling be of any use?
Figure 1-4 summarizes a study of 63 patients admitted to a
general medical service in Durham, North Carolina.’ Of 15
patients with ascites on abdominal ultrasonographic examina-
tion (the criterion standard), 14 had a history of ankle swell-
ing, for an impressive sensitivity of 93%. If we applied this
sensitivity (93%) and specificity (66%) to our pretest probabil-
ity for ascites of 50%, the result (shown in Figure 1-5) suggests
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Presence of Ascites on
Abdominal Ultrasonography
Present Absent
Yes 14 16 30
History of alp a+b
Ankle
Swelling c|d c+d
No 1 32 33
a+c |b+d a+b+c+d
15 48 63

Figure 1-4 Relationship Between a History of Ankle

Swelling and Ascites

Characteristics: sensitivity, a/(a + ¢) = 14/15 = 0.93, or 93%,; specificity,
d(b+ d)=32/48 = 0.67, or 67%. Prevalence or pretest probability of hav-
ing the target disorder, (@ + ¢/(a+ b+ ¢+ d) = 15/63 = 24%. Predictions:
positive predictive value or posttest probability of having the target disorder
for patients with a history of ankle swelling, a/(a + b) = 14/30 = 0.47, or
47%; negative predictive value or posttest probability of not having the target
disorder for patients with a negative history for ankle swelling, d/(c + d) =
32/33 = 0.97, or 97%; posttest probability of having the target disorder for
patients with a negative history for ankle swelling (adapted from Simel et al®),
c/(c+ d)=1/33 =0.03, or 3%.

Presence of Ascites on
Abdominal Ultrasonography
Present Absent
Yes 93 34 127
History of alp a+b
Ankle
Swelling c|d c+d
No 7 66 73
a+c |b+d a+b+c+d
100 100 200

Figure 1-5 Relationship Between a History of Ankle Swelling and
Ascites When the Pretest Probability Is 50%

Characteristics: sensitivity, a/(a + ¢) = 93/100, or 93%; specificity, /(b + d)
=66/100 = 0.66, or 66%. Prevalence or pretest probability of having the
target disorder, (a + ¢/(a+ b+ ¢+ d) = 100/200 = 0.5, or 50%. Predic-

tions: positive predictive value or posttest probability of having the target dis-

order for patients with a history of ankle swelling, a/(a + b) = 93/127 =
0.73, or 73%; negative predictive value or posttest probability of not having
the target disorder for patients with a negative history for ankle swelling,
d(c+ d)=66/73 = 0.90, or 90%,; posttest probability of having the target
disorder for patients with a negative history for ankle swelling, ¢/(c + d) =
7/73 = 0.10, or 10%.

that the posttest probability of not having ascites is 90% when
the patient denies ankle swelling. Again, this simple element of
the clinical history provides powerful diagnostic information:
when the sensitivity of a symptom or sign is high, a negative
response rules out the target disorder, and the acronym for this
property is SnNout.

However, you may have observed that this study included
only 15 patients with ascites, and you may well inquire how con-
fident we should feel about this sensitivity of 0.93. As it happens,
the degree of confidence we ought to place in this (or any other)
estimate of sensitivity (or specificity) can be calculated and
expressed as a confidence interval, within which you can be con-
fident that the true sensitivity resides, say, 95% of the time.' In
this case, the 95% confidence interval on this sensitivity of 0.93
based on 15 patients runs all the way from 0.81 (not terribly sen-
sitive) to 1.00 (or perfect sensitivity). If, on the other hand, this
sensitivity of 0.93 were based on 100 patients with ascites, the
95% confidence interval would run from 0.88 to 0.98, and you
would be justified in being more confident that a negative medi-
cal history rules out ascites. Thus, you should look for informa-
tion on the 95% confidence interval for measures of accuracy
such as sensitivity and specificity when you read about them.

A FASTER AND MORE POWERFUL APPROACH:
THE LIKELIHOOD RATIO

Many of the overviews in this series will describe not only the
sensitivity and specificity of specific symptoms and signs but
also their likelihood ratios (LRs). This method of describing
the accuracy of diagnostic information, once mastered, is
much faster and more powerful than the sensitivity and speci-
ficity approach.! It is shown in Figure 1-6 for ankle swelling
and ascites. In brief, an LR expresses the odds that a given find-
ing on the medical history or physical examination would
occur in a patient with, as opposed to a patient without, the
target disorder. When a finding’s LR is above 1.0, the probabil-
ity of disease increases (because the finding is more likely
among patients with than without the disorder); when the LR
is below 1.0, the probability of disease decreases (because the
finding is less likely among patients with than without the dis-
order); finally, when the LR is close to 1.0, the probability of
disease is unchanged (because the finding is equally likely in
patients with and without the disorder).

LRs are related to sensitivity and specificity but possess some
advantages for clinicians. In a 2 X 2 table such as Figure 1-6, the
LR for a positive history of ankle swelling is equal to sensitivity/
(1 — specificity) or 0.93/0.33, or 2.8, indicating that a positive
history is almost 3 times as likely to be obtained from a patient
with, as opposed to a patient without, ascites. The LR for a nega-
tive history of ankle swelling is equal to (1 — sensitivity)/specific-
ity or 0.07/0.67, or 0.10, indicating that a negative history is only
as likely to be obtained from a patient with, as opposed to a
patient without, ascites (and confirming our earlier conclusion
that this negative history permitted us to SnNout this diagnosis).

The first advantage of LRs is that the LR for a given finding,
when applied to the pretest odds of the target disorder, generates
the posttest odds for that disorder. Because the LR is expressed



as an odds, this may at first appear cumbersome, for it means
that the pretest probability must also be expressed as an odds
(although this is tedious to do by hand, later, we will show you
how to avoid the calculations by using the nomogram shown in
Figure 1-7). When done by hand, the pretest probability of the
target disorder is converted into pretest odds by the formula:

Pretest odds = Probability of having the target disorder/
Probability of not having the target disorder

In Figure 1-6, the pretest probability of ascites is 0.24, and
the pretest probability of not having ascites is 1.00 — 0.24, or
0.76. Therefore, the pretest odds of ascites are 0.24/0.76, or
0.32, and this can be multiplied by 2.8 (generating a posttest
odds of ascites of 0.90) when the history is positive for ankle
swelling and by 0.10 (generating a posttest odds of 0.03)
when this history is negative.

These posttest odds can then be converted back to proba-
bilities by the formula:

Posttest probability of the target disorder =
Posttest odds/(Posttest odds + 1)

Thus, the posttest odds of 0.90 following from a positive
history of ankle swelling converts (by 0.90/1.90) to 47%, and
the posttest odds of ascites of 0.03 following from a negative
history converts (by 0.03/1.03) to 3%, and you will observe
that these are the same values for the posttest probability of
having ascites that we generated in Figure 1-4.

The necessity for converting probability to odds and back
again can be obviated by using the nomogram shown in Fig-
ure 1-7, which has already carried out the conversions for us.!
You can prove this to yourself as follows: anchor a straight-
edge at the left margin of the nomogram, at the pretest prob-
ability of 24%, and rotate the straightedge until it intersects
the middle line of the nomogram at an LR of 2.8, corre-
sponding to a positive history of ankle swelling. It will inter-
sect the right margin of the nomogram at just below 50%.
Similarly, rotate the straightedge until it intersects an LR of
0.10 for the negative history and observe that the posttest
probabilityof ascites decreases to 3%.

The second advantage of LRs becomes apparent when we
see that the nomogram permits us to determine the probabil-
ity of ascites when the pretest probability changes from 24%
in Figure 1-4 to 50% in Figure 1-5 without having to con-
struct the latter. We can simply reanchor the straightedge at
50% and run it across the LRs of 2.8 and 0.10 as before, inter-
secting the posttest probability line at about 73% and 10%.
The third advantage of LRs is that, unlike sensitivity and
specificity (which limit the number of test results to just 2
levels, “positive” and “negative”), they can be generated for
multiple levels of the diagnostic test result. At each level, the
proportion of patients with the target disorder at this level is
divided by the proportion of patients who do not have the
target disorder at this same level; the result is the LR for this
level. This is shown in Table 1-2, in which LRs for 4, 3, 2, and
1 and no positive responses to the CAGE questionnaire are
shown (the awkward, infinitely high LR for 4 positive
answers can be avoided if 3 and 4 positive answers are com-
bined, generating an LR of 206 for the combination).
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Presence of Ascites on
Abdominal Ultrasonography
Present Absent
14 16
Yes (0.93) (0.33) 30
History of alb a+b
Ankle
Swelling c|ld c+d
1 32
No (0.07) (0.67) 33
a+c |b+d a+b+c+d
15 48
(1.00) (1.00) 63

Figure 1-6 Likelihood Ratios for a History of Ankle Swelling in
Diagnosing Ascites

Characteristics: sensitivity/(1 — specificity) = likelihood ratio (LR) (of having the
target disorder) for a positive test result = (a/[a + c])/(b/[b+ d]) = 0.93/0.33 =
2.8; (1 — sensitivity)/specificity) = LR (of having the target disorder) for a nega-
tive test result = (¢/[a + c))/(d/[b + d]) = 0.07/0.67 = 0.10. Pretest probability:
prevalence or pretest probability of having the target disorder, (@ + ¢/(a+ b+
¢+ d) = 15/63 = 24%. Predictions: posttest probability of the target disorder
(expressed as odds) = pretest probability of the target disorder (expressed as
odds) x LR for the test result. Positive history, 0.24/0.76 = 0.32 x 2.8 = 0.90/
1.90 = 47%. Negative history, 0.24/0.76 = 0.32 x 0.10 = 0.03/1.03 = 3%.
Adapted from Simel et al.?
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Figure 1-7 A Nomogram for Applying Likelihood Ratios
Adapted from Sackett et al.!
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Table 1-2 Multiple Levels of Responses to the CAGE Questions
for Alcohol Abuse or Dependency?®

Alcohol Abuse or Dependency

No. of Positive Answers Likelihood
to the 4 CAGE Questions Yes No Ratios
4 23 (0.20) 0 oo
3 37 (0.32) 1(0.002) 127
2 28 (0.24) 14 (0.03) 6.8
1 11 (0.09) 28 (0.07) 1.3
0 18 (0.15) 358 (0.89) 017
Total 17 401
Abbreviation: CAGE, cut down, annoyed, guilty, eye opener.
sAdapted from Bush et al.®
®Numbers in parentheses are proportions of the respective columns.
Target Disorder
Present Absent
Positive
Diagnostic alp a+b
Test
Result cld c+d
Negative
a+c |b+d a+b+c+d

Figure 1-8 Working Table for the Reader’s Use

For accuracy

Sensitivity = a/(a + ¢); SnNout: when sensitivity is high, a negative test
result rules out the target disorder

Specificity = d/(b + d); SpPin: when specificity is high, a positive test result
rules /n the target disorder.

Positive predictive value or posttest probability of having the target disor-
der among patients with positive test results, a/(a + b).

Negative predictive value or posttest probability of not having the target dis-
order among patients with negative test results, d/(c + d). Posttest probability
of having the target disorder for patients with negative test results, ¢/(c + d).
Prevalence or pretest probability of having the target disorder, (@ + ¢)/(a+ b
+Cc+d).

Sensitivity/(1 — specificity) = likelihood ratio (LR) (of having the
target disorder) for a positive test result = (a/[a + c])/(b/[b + d]).

(1 - sensitivity)/specificity = LR (of having the target disorder) for a
negative test result = (¢/[a + c))/(d/[b + d]).

Posttest probability of the target disorder (expressed as odds) = pretest
probability of the target disorder (expressed as odds) x LR for the test result.
For precision (and «)

Observed agreement: (a+ d)/(a+ b+ ¢+ d)

Expected agreement:

Expected cell a, ([a+ b] x [a+ c))/(a+ b+ ¢+ d)

Expected cell d, ([c+ d] x [b+ d))/(a+ b+ ¢+ d)

Calculate expected agreement as (expected a + expected d)/(@+ b + ¢ + d);
Agreement beyond chance = « = (observed agreement — expected
agreement)/(100% — expected agreement)

Conventional levels of x: slight, 0.0-0.2; fair, 0.2-0.4; moderate, 0.4-0.6;
substantial, 0.6-0.8, almost perfect, 0.8-1.0.

The fourth advantage of the LR strategy is that the posttest
probability of the target disorder obtained from the first item
of diagnostic information (say, a history of ankle swelling) is
the pretest probability of that diagnosis for the next item of
diagnostic information (say, the physical examination for
ankle edema). This example also identifies the problem we
always face when we combine diagnostic information from the
medical history and physical examination (and chemistry lab-
oratory, and radiology suite!): the results of the medical his-
tory and physical examination are not independent from each
other. Thus, a patient with a positive history of swollen ankles
is far more likely to have pedal edema than a patient with a
negative history, and we must either use an LR that considers
both of the 2 items as a pair or modify the LR for the second,
according to the results of the first. This issue of independence,
along with the consideration of the site (primary care or a ter-
tiary hospital) where the examination is carried out, will be
taken up in a subsequent background article in this series.

CONCLUSION

This first background article has described readers’ guides for
articles about diagnostic information and has shown how diag-
nostic data derived from the medical history and physical exami-
nation can be assessed for their precision and accuracy. It
concludes with a working table (Figure 1-8) and glossary that can
be photocopied or clipped. Kept handy, they can help readers
study and understand the overviews published in this and subse-
quent issues of the series on the rational clinical examination.
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UPDATE:

UPDATED SUMMARY ON PRECISION AND
ACCURACY OF THE CLINICAL EXAMINATION

Original Review

Sackett DL. A primer on the precision and accuracy of the
clinical examination. JAMA. 1992;267(19):2638-2644.

WHAT IS THERE TO UPDATE?

Each of the updates in The Rational Clinical Examination
systematically evaluates the newly published literature on the
topic, except this one. Updating the Primer requires a differ-
ent approach to fulfill the original promise that the series
would address methodologic concerns beyond precision and
accuracy. What we will do is take a very utilitarian approach,
driven by the topic updates themselves. The updates and our
own lectures on the rational clinical examination unearthed
topics that we need to address. Rather than conducting a sys-
tematic review of quality measures, sensitivity, specificity,
likelihood ratios (LRs), and a plethora of related topics, we
instead provide background information and answers to
questions that our own authors required when preparing
their reviews and updates.

Of course, the basic premise for diagnosis has not changed
since the Primer (or since Thomas Bayes figured it out more
than 3 centuries ago):

Prior odds x LR = Posterior odds

For the clinical examination, this means we (1) use informa-
tion about the probability of a target disorder (frequently taken
as the prevalence, which is then converted to the prior odds)
and then (2) apply the results of symptoms or signs (in the
form of an LR). After applying the LR associated with various
symptoms and signs, we get the posterior odds of disease. The
probability of disease increases when a clinical finding is more
likely in a patient with the target disorder (reflected by an LR
> 1). The probability of disease decreases when a clinical find-
ing is more likely to occur in a patient without the target disor-
der (reflected by an LR < 1). The resultant probability becomes
the “posterior” probability because the prior probability is
established first and then modified with information from the
medical history and physical examination quantitatively
expressed in the form of the LR.* Keeping the simple equation
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in mind focuses the goal of The Rational Clinical Examination
series articles on providing all the data needed to solve the pos-
terior odds equation.

Why LRs?

In the Primer, we emphasized the role of the univariate LR
for clinicians. The term univariate means the results for 1
finding, without regard to the findings of other historical or
clinical features. We chose this route for a variety of reasons,
most important being its fundamental property that allows
clinicians to apply the values to individual patients in a con-
sistent pattern. LRs always convey the same information—
they quantify the change in odds of disease for a particular
test result. By tradition for dichotomous test results, we call
the LR associated with a positive test the LR+ (positive LR),
whereas the LR associated with a negative test is the LR—
(negative LR). In either case, the actual LR value is related to
the change in likelihood that the patient has the disease of
interest. Thus, there can be no confusion, as is sometimes the
case when physicians become overwhelmed with how to
translate positive predictive value, true-positive rate, false-
positive rate, negative predictive value, true-negative rate, or
false-negative rate into a change in the likelihood of disease
for an individual patient.

Many clinicians feel more comfortable with the terms sen-
sitivity and specificity. However, these values in and of them-
selves have little application to the clinical setting. Sensitivity
and specificity are values that apply to a screening test result
before we know whether the patient has the target disorder.
So which result do we use at the bedside? Sensitivity applies
only to patients with disease, whereas specificity applies only
to patients without disease. Because we use screening tests
precisely because we do not know about the presence or
absence of disease, how do we decide whether the value of

*Do not be confused by the transition between odds in the equa-
tion and our discussion of probability. The equation requires that
we use the odds ratio, but clinicians find it easier to think in terms
of probability. We can covert any probability of disease to the odds
ratio by the equation odds = probability of disease/probability of
no disease. After we covert the prior probability to odds and multi-
ply it by the LR to get the posterior odds, we convert the result
back to the probability of disease by the equation probability =
odds/(1 + odds).
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Table 1-3 Examples of Symptoms or Signs That Have Results Other
Than Just “Present” or “Absent”

Example Screening Test Multilevel Outcome
A symptom reported by the  “Do you have trouble ~ “Always”
patient initiating your urine “Frequently”
stream?” “Sometimes”

“Never”
A sign on the physical Is a third heart sound ~ Abnormal
examination present? Uncertain

Normal
Ordinal® valued findings Deep tendon reflexes 4+

3+

2+

1+

0

“Ordinal means “ordered.” The results can be ranked, although the incremental value
has no quantitative meaning. For example, deep tendon reflexes of 2+ are more pro-
nounced but not twice as prominent as 1+ reflexes.

Table 1-4 Hypothetical Data to Demonstrate How to Describe the
Results for a Finding With 3 Possible Qutcomes

LV Systolic

Dysfunction Present ~ Normal LV Function

S3 definitely present 30 5
Uncertain 5 10
S3 definitely absent 10 50

Abbreviation: LV, left ventricular.

sensitivity or the value of specificity applies to our patient?
The simple answer is that we do not know. If we do know
which result applies to our patient, then, by definition, we
know the disease status, and the results of screening tests lose
relevance. The true value of an LR comes from its mathemat-
ical definition that combines the values of sensitivity and
specificity, making it applicable to each patient before we
know whether disease is present or absent.

When evaluated in combination, the sensitivity and speci-
ficity are the building blocks of the LR for tests that are
dichotomous (eg, “positive” or “negative,” “present” or
“absent”). The LR for a positive result is sensitivity/(1 — spec-
ificity), whereas the LR for a negative result is (1 — sensitiv-
ity)/specificity. But what happens when a screening test has
more than 2 outcomes (Table 1-3)?

Traditional laboratory tests are measured on continuous
scales, where the result intervals have a mathematical mean-
ing, but the clinician could not possibly know the LR for
every outcome. A clinical laboratory reports the raw result,
along with a designator for whether the result is “high,” “nor-
mal,” or “low.” The report takes the raw value and transforms
it to an ordinal scale, making it easier for clinicians to review
a large amount of data. When there are more than 2 out-
comes of a screening test, sensitivity and specificity cannot be

directly calculated, so the clinician must rely on LRs that are
usually given for ordinal results.

A simple quantitative explanation helps explain why the
sensitivity and specificity lose meaning when there are more
than 2 screening test results. The presence of a third heart
sound (S3) suggests left ventricular (LV) systolic dysfunction.
Sometimes, the clinician is uncertain whether the sound is
present. To illustrate this point, we can make up some data
that might apply to the clinician’s interpretation of the S3
compared with a reference standard echocardiogram that
quantified the LV function (Table 1-4).

We can describe the sensitivity of the S3 as 30/(30 + 5 +
10) = 0.68 and the specificity as 50/(5 + 10 + 50) = 0.77.
Although this may seem straightforward, closer inspection
reveals some problems with that interpretation. First, the
treatment of the “uncertain” results lacks consistency. For
calculating the sensitivity, we “count” an uncertain S3 as if
it were actually absent. But the clinical reality was that the
physician could not state with certainty whether it was
present or absent. When we calculate the specificity, we do
the exact opposite and count the “uncertain” outcomes as if
they were “positive.” How can one “uncertain” finding be
considered “positive” for sensitivity but “negative” as speci-
ficity? This dual treatment creates problems that become
even more pronounced as the number of results increases
beyond 3 outcomes.

Second, even if we believed that the sensitivity and spec-
ificity captured the meaning of an S3 that is either present
or absent, how do we describe the results for “uncertain?”
Sensitivity provides an inadequate definition because sen-
sitivity is the value that describes the percentage of
patients with an abnormal result among all those with dis-
ease and “uncertain” is neither abnormal nor normal. A
similar argument applies to the specificity, so that neither
sensitivity nor specificity offers a reasonable description
of the value of an uncertain result. The constructs just do
not apply to a test result that is neither completely normal
nor completely abnormal. The LR provides a way to
describe not only the positive and negative results but also
those that are uncertain.

At a fundamental level, the LR takes a given screening test
result and for that outcome tells us the ratio of those with
disease to those without disease. So once we know which
row of the table a patient belongs in according to their test
result (S3 present, S3 uncertain, or S3 absent), the LR tells
us the likelihood that the patient will come from the first
column vs the second column. We can calculate an LR for
every row of an r X 2 table (where r represents the number
of rows) (Table 1-5).

Thus, when we hear an S3 in the patient, we apply the value
8.7, which makes LV systolic dysfunction much more likely.
When we feel confident that an S3 is absent, the likelihood of
LV systolic dysfunction decreases. However, when we are
“uncertain,” the LR we apply is 0.72, a value that approaches 1
and suggests that the “uncertain” result should not have a large
effect on our estimate of the likelihood of disease. Oftentimes,
it is useful to know that “uncertain” really means “not much
information” with an LR approaching 1.



Isn’t All the Information in the Patient’s Medical History?

We now need to address a common belief that the physical
examination is not particularly helpful and, at best, only con-
firms the historical findings and symptoms. Oftentimes, a clini-
cian takes a patient’s medical history and makes a diagnosis
before performing a physical examination. This process,
although sometimes successful, leads to the inference that the
physical examination was unnecessary. For a simple reason, the
inference is not true: the physical examination begins from the
moment the clinician meets a patient and before the patient
utters a word! We observe body language, the patient’s gait, vital
signs (eg, tachypnea), and physical deformities, and we judge
the acuity of illness. These findings derived from visual observa-
tions may be hard to quantify (eg, a sense that the quiet, sullen
patient might be depressed), although most clinicians recognize
the huge amount of information they collect in the first few
moments of a patient interaction. Because describing and mea-
suring the influence of our overall observations is difficult,
researchers often overlook the clinical gestalt.

One way of isolating the clinical gestalt is to evaluate whether
we can make a diagnosis in the absence of directly observing a
patient. A symptom checklist (but not the patient’s medical his-
tory) can be obtained through a completed patient self-adminis-
tered questionnaire. Sometimes, we can infer a diagnosis from
such questionnaires with our impression uncontaminated by
physical findings, but the diagnosis typically requires confirma-
tion obtained through a patient interview or physical examina-
tion. The ability to disentangle the history from the physical
examination findings is often an illusion, leading to the inference
that the patient’s medical history (symptoms) dominates the
clinical diagnostic process over the physical examination (signs).

The Pretest Probability

The most important part of the clinical examination and the
resulting diagnosis is typically not the symptoms or signs—it
is the pretest probability, transformed to the prior odds, that
dominates the equation. Simply put, if a condition is highly
unlikely (or vice versa), then the presence or absence of any
addition findings will typically not change things. As a corol-
lary, when the probability of a target condition is not so cer-
tain, the effect of the signs and symptoms on the prior
probability creates a potentially bigger effect.

So, where does the pretest probability come from? We estab-
lish the pretest probability in the course of our clinical examina-
tion, and that creates a bit of a problem (for both researchers
and clinicians). In other words, as we learn more about the
patient’s medical history, symptoms, and signs, we orient our
approach to a narrower spectrum of disease possibilities. This
approach requires that we “waste” a few findings to establish the
pretest probability. For example, most patients we examine do
not have sinusitis, and we do not ask questions about symptoms
related to sinusitis, nor do we transilluminate the sinuses during
the course of a clinical examination unless we have a suspicion
of the disease. We might constrain our evaluation for sinusitis to
patients who claim nasal stuffiness, nasal discharge, or maxillary
facial discomfort or who come right out and state, “I think I
have a sinus infection.” Each of these findings would prompt an
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Table 1-5 A Likelihood Ratio Can Be Calculated for Each Row of
an rx 2 Table as Shown With These Hypothetical Data

LV Systolic
Dysfunction Normal LV
Present Function LR?
S3 present 30 B (30/45)/(5/65) = 8.7
S3 uncertain 5 10 (5/45)/(10/65) = 0.72
S3 absent 10 50 (10/45)/(50/65) = 0.29
Total 45 65

Abbreviations: LR, likelihood ratio; LV, left ventricular.
2By convention, for LR values 0-1, we round off to the 100ths; for LR values 1-10, we
round off to the tenths; and for LR > 10, we round off to the nearest integer.

appropriate evaluation for sinusitis and in a research study cre-
ate the “entrance criteria” Thus, when we refer to the pretest
probability of sinusitis, we most likely are referring to the preva-
lence of sinusitis among patients with any of those findings
rather than to the prevalence of sinusitis among all patients in
general. This pretest probability becomes the value we use in the
equation and the anchor for applying other symptoms and signs
we uncover during our clinical examination.

The establishment of the pretest probability is the problem
most learners fear, representing their main “excuse” for not
using the concepts in The Rational Clinical Examination. Fre-
quently, learners claim “lack of experience” When existing stud-
ies adequately describe their study population, the pretest
probability is not difficult to understand. Experience becomes
more valuable when the literature is less clear, and perhaps this
is part of the “art” of the clinical examination. Trainees may be
quite good at estimating the pretest probability of common con-
ditions. However, both trainees and experienced clinicians tend
to overestimate the prior probabilities of less common diseases.
Trainees express discomfort when estimating the prior probabil-
ity because (1) they do not practice quantifying and then vali-
dating their clinical impression and (2) they may recall their
own cases in which they pursued an unlikely diagnosis for a
seemingly “classic” presentation, only to find that the disease
was not present. Although the second reason emanates from
overlooking the importance of prior probability, it requires a
reassessment of the role of symptoms and signs.

What Is a “Good” Symptom or Sign?

The presence of a “good” symptom or sign creates a large
effect on the probability, convincing the clinician that the
target condition is much more likely to be present than the
prior probability suggests. The suggestion that some prespec-
ified LR threshold defines a good clinical finding for all dis-
ease is a myth so persistent that it represents a medical urban
legend. Some researchers and clinicians define a “good” test
result as that associated with an LR greater than 10 or an LR
less than 0.1, but these results do not have intrinsic proper-
ties that are the sine qua non of high value. For example, a
pretest probability of 10% and positive test with an LR = 10
generates a posttest probability of 53%; this is a big increase
in the probability of disease but hardly an increase that
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clinches the diagnosis. Furthermore, this is a similar posttest
probability that follows from a disease with a pretest proba-
bility of 20% and a positive test with an LR = 5. Thus,
although positive test results are increasingly powerful as the
LR increases and negative results are increasingly valuable as
the LR decreases, the efficiency of the finding in making a
diagnosis depends on the pretest probability.

When considering that multiple symptoms and signs are
interpreted together, individual findings with much less
impressive LRs alone (eg, LR+, 2-5; or LR—, 0.25-0.50) could
prove useful when used in combination. If no LR threshold
automatically qualifies a result as good, is there a way to com-
pare the efficiency of different clinical findings?

A positive clinical finding with the highest LR+ or a negative
finding with the lowest LR— will always have the greatest effect
on posttest probability. Unfortunately, clinicians discover that a
list of symptoms and signs for an individual patient sometimes
simultaneously yields outcomes both suggesting (positive
results) and pointing away from (negative findings) a target dis-
order. There is a way, though, to make sense of this. Rank order-
ing the LR+ associated with each result, along with the
reciprocal of the LR— (1/LR-), reveals the single “best” clinical
finding for a target condition. The value with the highest LR+ or
1/LR- is the single best symptom or sign result. A single symp-
tom or sign may be useful when present (high LR+) or absent
(small LR-). Unfortunately, most symptoms and signs will not
produce both the best findings when positive and also the best
when it is negative. For example, a clinical sign may have a low
LR— when negative, whereas a positive result may have an LR+
that approaches 1. Creating a mental list of LR and 1/LR— for a
variety of symptoms and signs is not easy. Some clinicians want
to identify the single finding that overall is the most likely to give
them the right answer (ie, positive when the patient has disease
and negative when the patient is not affected).

The diagnostic odds ratio (DOR) creates a single measure
of accuracy that tells us which symptom or sign is most likely
to correctly classify a patient as having the target disorder or
not.! The DOR is not difficult to calculate, as the DOR =
LR+/LR-. The more accurate the symptom or sign, the
higher the DOR. So when faced with a table of data on many
clinical findings in which none distinguishes itself as the
overwhelming favorite, the clinician should choose the find-
ing with the highest DOR. Unfortunately, the DOR cannot
be used like the LR for estimating the probability of a diagno-
sis, but it can help us choose the symptoms and signs of
higher utility so that we can ignore those of lesser value. At
this point, the skeptical reader might accept that there is a
method for identifying better symptoms and signs in terms
of their overall measurement properties (through the DOR)
and better results applicable to individual patients (through
the LR). However, a remaining question might be, How con-
fident can I be that the symptoms and signs I think are the
best really are the best?

The Confidence Interval

When The Rational Clinical Examination series began, we
presented likelihood results as single point values as if they

completely described a clinical finding—they do not. Like all
statistical parameters, an LR has an associated confidence
interval (CI) that helps us decide whether the data are suffi-
cient for us to infer usefulness. These CIs are important
because they provide transparency. An optimistic LR sug-
gests a promising clinical finding, but a broad CI dampens
the enthusiasm by implying that a small sample size accounts
for some certainty. We are particularly cautious when the
95% CI includes 1 because LR values of 1 add no informa-
tion to the pretest probability. Broad Cls around LR—, even
when they do not include 1, are a particular problem.
Because the LR— values are constrained between 0 and 1, a
broad CI seems less of a problem than the broad CI around a
high LR+. To compare the relative findings, the clinical
reader can use the technique we described above (ie, taking
the value 1/LR-) for comparing the breadth of the CIs of
negative to positive LRs.

Some readers will be surprised that there are different
methods that yield slight (but clinically unimportant) differ-
ences in Cls. We prefer the easiest computational method
that also works well in spreadsheets.? One situation presents
problems for researchers and clinical readers alike: what do
we do when one cell of the 2 x 2 table is 02 When any single
cell has a 0 value (typically, the cells for false positive or false
negatives), adding 0.5 to each cell of the 2 x 2 table allows
calculation of useful CIs.* A sensitivity of 100% yields an LR—
of 0, with the LR upper 95% CI obtained after adding 0.5 to
each cell. A specificity of 100% yields an LR+ that is not cal-
culable (e0), so we report both the LR+ and CI obtained after
adding 0.5 to each cell. Although high-quality studies report
both the sensitivity and specificity of clinical findings, not all
of them calculate the LRs for us. When researchers provide
the actual numbers of affected and unaffected patients,
together with the sensitivity and specificity, we can generate
the LRs and 95% CIs. Although it is sometimes easy to calcu-
late CIs from individual research reports, meta-analysis
offers us an even better way of describing the LRs of findings
evaluated across several studies.

Meta-analysis

Meta-analysis of symptoms and signs combines the results
described across several studies and summarizes them to get
a single estimate and CI. Although some statisticians have a
high degree of skepticism about the appropriateness of com-
bining LRs, we take the position that summarizing results
provides clarity for clinicians that at the very least allows
them to assimilate data and decide whether a symptom or
sign is useful, useless, or uncertain.

An important part of meta-analysis requires the investiga-
tor to make decisions about the appropriateness of combin-
ing data. Although statisticians often suggest a purely
statistical approach (ie, studies that have statistically hetero-
geneous results should not be combined), we take a more
pragmatic approach similar to that espoused by other clinical
diagnosticians.* First, we evaluate whether the universe of
published studies represents the universe of patients for
whom the target condition might be considered. When the



studies reflect the population of patients for whom the
symptoms and signs apply, we prefer to try combining the
LRs. On the other hand, when studies use various definitions
of disease or different thresholds for the symptoms and signs,
we cannot combine the results in a meaningful way. When
we cannot combine the results, we present ranges for the LRs.
Second, we consider our target audience to be clinical read-
ers. For a condition that might have a very different LR
among different populations of patients (eg, findings for
appendicitis among children vs geriatrics patients), we avoid
combining results or we at least show how they vary. Part of
this approach requires common sense, and part of this is sta-
tistical, in which we examine the outlier results to deduce
whether there is anything recognizable that accounts for the
variant LR findings. Third, we examine the actual results
with their CIs after we combine the data. We always use ran-
dom-effects measures for generating the LR and Cls, rather
than the fixed-effects approach. Random-effects measures
generate broader CIs than the fixed effects, providing at least
some assurance that we are not overstating the importance
and confidence in our findings. If a study is a statistical LR
outlier, we still include it in the combined data if it does not
make a large clinical difference in the LRs. We suggest that
the clinician use clinical judgment when deciding whether 2
LRs vyield clinically important differences in the posttest
probability. For example, for a pretest probability of 30%, an
LR of 5.4 produces a posttest probability of 70%, whereas an
LR of 3.5 produces a posttest probability of 60%. These LRs
“look” different, but a clinician might take a similar action
for a posttest probability of 70% vs 60%. Thus, the 2 LRs
could be statistically different but provide clinically similar
results. We always provide the results from each study, and
astute readers can decide from the point estimates and Cls
whether they believe a finding is useful or useless.

More statistically experienced readers may recognize that
meta-analysis of LRs differs from what they expect. Statisti-
cians, when they accept meta-analysis of diagnostic tests at
all, prefer summarizing the DOR as a global measure of test
performance. We take a different approach because summa-
rizing the DOR gives clinicians a value that they cannot use
for individual patients. Although we do sometimes provide
summary measures of the DOR, the summary measures of
the prevalence of disease (pretest probability) and the LR are
the values needed for solving the equation for posttest proba-
bility. Sometimes, we encounter studies that only provide
sensitivity data. What do we do with studies that are case
series of patients with disease and that do not have specificity
values?

“Sensitivity-Only” Studies

When conditions are less common, investigators recognize
that enrolling consecutive patients at risk for the target disor-
der creates a study population overwhelmed by those with-
out disease. This approach is costly and takes time, and the
small number of patients with disease leads to broad Cls
around the sensitivity and LR—. The alternate approach of
studying only patients with disease so that sensitivity can be
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defined is pragmatic, and it may be the best the investigator
can do. These studies typically come from a narrow spectrum
of diseased patients, and often, the clinical finding is
recorded among patients when the clinician knows that dis-
ease is present. In addition to understanding the potential
biases in the data, we must understand the inferences made
from the sensitivity of symptoms and signs without specific-
ity values. The goal of sensitivity studies is to identify a group
of symptoms and signs that would unlikely all be negative in
a patient with the target condition.

Symptoms and signs with high sensitivity are less likely to be
negative in patients with disease. When presented with sensi-
tivity data by itself, clinicians will count the number of absent
findings in their patients and deduce that those with normal
findings on multiple high-sensitivity symptoms and signs will
be unlikely to have disease. For example, suppose we identify 2
symptoms and 1 sign, each of which has a sensitivity of 85%
for the target condition. That means that each finding would
be absent in 15% of patients with disease; all 3 would be absent
in fewer than 1% of patients (0.15 % 0.15 X 0.15).

How Do We Use All the Symptoms and Signs?

Among several reasons for preferring LRs as our common
statistical parameter, rather than the individual sensitivity
and specificity values, the ability to multiply likelihood
results from several findings is the most alluring. Unfortu-
nately, a crucial assumption is not often fully addressed—
sequentially multiplying LRs requires that the symptoms and
signs be independent of one another.

Let us explain the independence concept with a simple
example. Suppose you conduct a study of chest pain symp-
toms as a predictor of acute ischemia and you categorize words
as having “physical” or “emotional” connotations. Words that
describe location and radiation would be physical (eg, “center
of the chest,” “in the neck”), whereas words that describe the
interpretation of pain would be emotional (eg, “suffocating,”
“crushing”). You decide to record whenever a patient refers to
an “elephant” in describing their discomfort as emotional as
in, “It felt like an elephant stepped on my chest.” We suspect it
is obvious that a patient who is “elephant-positive” is experi-
encing crushing pain, but if they report they are having
“crushing pain that feels like an elephant on my chest,” should
we report the findings separately for “crushing positive” and
“elephant positive?” Multiplying the LRs together for “crush-
ing,” “elephant-like” discomfort probably overstates the impor-
tance, producing a posttest odds ratio that is too high because
elephant-like pain is not independent of crushing pain.
Although common sense might work as an initial judge of
independence, common sense should not be the only arbiter
of independence. What should you do when presented with an
array of findings for many symptoms and sign without any
assessment of independence?

To make teaching and performing the medical history and
physical examination more efficient and accurate, we want
parsimony. By “parsimony,” we mean the fewest number of
symptoms and signs that yield the most accurate informa-
tion. Parsimonious examinations force teachers to teach only
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the most relevant parts of the examination, allowing students
to spend more time learning what is important while elimi-
nating wasteful maneuvers. Of course, some of this waste is
in eliminating maneuvers that do not work well. For exam-
ple, a Rinne test is interesting to teach, but it does not add
useful diagnostic information to the symptom of “decreased
hearing” reported by the patient.”> We eliminate additional
wasted effort when we discard nonindependent findings.

A parsimonious examination should mathematically make
us more accurate because a “complete” medical history and
physical examination almost certainly produces nonindepen-
dent findings. “Positive” nonindependent findings confuse us
and distort our probability estimates, typically making us
infer a higher probability of disease than is justified. Most
authors of The Rational Clinical Examination articles
emphasize no more than 3 to 4 findings, even when addi-
tional symptoms and signs have useful LRs. Narrowing down
the number of recommended findings requires “face valid-
ity,” by which we mean using common sense to recommend
the items with the best, seemingly independent LRs. When
we take this approach, experienced clinicians then use semi-
quantitative reasoning and deduce that the more findings
present, the more likely the patient has disease (or vice
versa).

When clinicians want to incorporate the results of diag-
nostic studies into their decision making, they can take 3
approaches to prevent errors created by lack of indepen-
dence.® Performing the clinical examination and then using
only one single history or physical examination finding to
adjust the prior odds will guarantee there is no problem with
independence. (Of course, it also guarantees that the clini-
cian might be ignoring a lot of useful clinical information!)
Typically, the clinician will want to use the single finding that
has the greatest effect on the prior odds, or the “best” finding
that we described earlier. The approach is not difficult since
simple math allows you to rank the findings in order from
most useful to least useful. Suppose you have 3 findings (A,
B, and C) that can each be positive or negative, with the LRs
associated with each result shown in Table 1-6. Is the finding

Table 1-6 The Findings With the Biggest Influence Can Be Found by
Rank Ordering the LR+ and LR—?

LR for Values > 1 and

Finding LR 1/LR for Values < 1°
A present 15 15
C absent 0.1 10
B present 5.0 5.0
C present 2.0 2.0
B absent 0.6 1.7
A absent 0.9 1.1

Abbreviations: LR, likelihood ratio; LR+, positive likelihood ratio; LR—, negative like-
lihood ratio.

#Adapted from Holleman and Simel.

%For LRs < 1.0 (usually the LR-), the reciprocal (1/LR) is used.

that “A” is present more diagnostically useful than “C’s”
absence? To determine this, you can rank order these by
comparing the LR for the positive results to 1/LR for the neg-
ative results. Table 1-6 shows the relative value each of the
findings. If your patient had “A” absent, “C” present, and “B”
present, then you would multiply the prior odds by the LR
associated with the outcome for test “B” (LR = 5.0) because it
had had the most useful outcome for that individual.

Although the above result removes any concerns with
independence, the clinician must collect many data that ulti-
mately are discarded. At the very least, it is not efficient, and
at the worst, important information could be ignored. Not
surprisingly, this approach lacks appeal because it ignores the
way most clinicians incorporate many bits of information
into their decision making.

Clinical researchers must analyze their data in a multivariate
way to help clinicians. By “multivariate,” we mean that they
must analyze combinations of findings so that there is less con-
cern about independence. This can involve one of 2 general
approaches. The easiest approach is to take the medical history
and physical examination findings and perform logistic regres-
sion. Logistic regression takes a number of individual variables
and determines their importance in predicting whether disease
is present or absent. In the first strategy for assessing indepen-
dence, logistic regression identifies variables that lack indepen-
dence and that can be eliminated as redundant. In our example
above, if all patients with wheezing were also dyspneic, then the
finding on the “variable” dyspnea might be unimportant once
we know the wheezing status. The logistic regression approach
would identify this as being nonsignificant, and the investigator
would suggest we concentrate our efforts at assessing for
wheezing. Used as a “data-reduction” step to achieve parsi-
mony, the clinician would use the simple, univariate LRs for
any finding identified as being independently useful in the
logistic model. This approach has a lot of appeal because it
identifies the important and useful variables for the clinician,
and it does not require that they understand the logistic model
itself, because the univariate LRs are used. However, in using
the simple, unadjusted LRs, we ignore the relationship between
the various clinical findings in favor of simplicity.

The B parameters of a multivariate logistic analysis
describe the relative importance of symptoms and signs.
From algebra, you might remember the equation for a
straight line is y = mx + b. The m in the equation is the slope,
and it quantifies how a change in x affects y.* A logistic
model works similarly, except that now, rather than having 1
x, we have several symptoms and signs that we evaluate all at
once. The equivalent of m in the logistic model now repre-
sents the B parameter, which is the odds ratio associated with
each symptom or sign; the higher the 3 parameter, the more
important the finding. When investigators provide us the
actual multivariate models, we can put the results of our own
patient’s clinical examination into the model, and the out-
come is the individual patient’s actual probability of disease.

*For those who just cannot remember b, it is the intercept where the
line crosses the y-axis.



The Fuss About Precision

The Primer states, “for an item of the clinical history or phys-
ical examination to be accurate, it first must be precise.” By
precision, we imply that 2 or more observers agree on the
presence or absence of a finding in a patient who experienced
no clinical changes.*

When we measure precision, describing the percentage of
time that 2 observers agree on a symptom or sign fails to
consider simple luck. Instead of reporting simple agreement,
investigators report precision as the agreement beyond that
attributable to chance. For dichotomous findings (“yes” vs
“no” or “present” vs “absent”) compared between 2 observ-
ers, we quantify this agreement beyond chance with the x
statistic.” The x statistic varies from —1 (perfect disagree-
ment) to 0 (chance agreement) to +1 (perfect agreement).

Suppose we are interested in whether a third heart sound
identifies patients with LV systolic dysfunction. It is easy to
imagine that a cardiologist might be better at identifying this
correctly than a generalist internist, suggesting that a k statis-
tic might show lower agreement beyond chance than if we
were comparing 2 general physicians. Should we conclude
that a third heart sound is not a good test from the precision
between a cardiologist and a general internist? The answer, of
course, is no because test accuracy depends on the quality of
the observation—the cardiologist might be a better observer
than a less experienced clinician. These seemingly imprecise
symptoms and signs are potentially useful when certain pro-
viders get consistently good results because they represent
opportunities for improved performance and accuracy.

A second type of precision is more important for identifying
inaccurate findings. Although a low k between observers
points to opportunities for improving, poor intraobserver
agreement precludes high accuracy unless the problem can be
eliminated. Intraobserver agreement describes whether a clini-
cian gets the same result when assessing a symptom or sign on
a patient who is clinically unchanged. For example, when a cli-
nician inquires about unilateral headaches as a symptom for
migraines but the patient changes his or her answer, the find-
ing can never be accurate or precise. Although the natural
assumption might be to blame the patient for inconsistency,
part of poor intraobserver agreement may be attributable to
poor technique that can be improved. This is true even when
applied to symptoms as reported by the patient because differ-
ent answers follow when the information is solicited differ-
ently (eg, asking the patient a leading question about unilateral
headaches vs an open-ended question). But if clinicians can-
not assure reliability on their own findings, they will never use
the symptoms and signs accurately. If you cannot agree with
yourself, the LR results will be random.

*To clarify further, some researchers use the word reliability or the
term observer variability instead of precision. These are all terms that
imply the same concept of similar results on repeated examinations,
so we use them interchangeably.

"We use the weighted K when we have findings that are not dichoto-
mous. For example, a sign graded as 0, 1, or 2+ would have a dis-
agreement between observers of “grade 1 and 2” weighted as less
than a discrepancy between “grade 0 and 2.” When we have multiple
observers, we use regression techniques to generate the intraclass
correlation coefficient for describing the interobserver variability.

CHAPTER 1 Primer on Precision and Accuracy

A Brief Word About Quality

Every article in The Rational Clinical Examination series and
the updates in this book use a standard process for assessing
the quality of data. Although the Primer focuses mostly on the
sensitivity, specificity, and LR results, it should be clear that
narrow Cls around the results do not assure methodologic
rigor of the studies that generated the results. At the inception
of The Rational Clinical Examination series, the evidence-
based medicine movement was in its infancy. An early article
in the series heralded its entry into the mainstream thoughts of
clinical educators and investigators.” Because standardized
approaches had not been developed for assessing the quality of
the medical history and physical examination, David L. Sack-
ett, MD, and Charles H. Goldsmith, PhD, agreed on certain
characteristics that they asked their reviewers to use when
judging quality. The criteria were simplified and summarized
in an early article of the series.® Subsequently, several groups
have published their criteria for the review of diagnostic accu-
racy studies, although none address the particular nuances of
symptoms and signs.”!! Perhaps it is not surprising that many
clinical investigators and epidemiologists have reported on a
large number of quality measures that describe what seem like
innumerable potential biases in diagnostic test studies. Despite
the increasing complexity of rating systems and quality mea-
sures, the original criteria for reviewing articles have stood the
test of time and pragmatism. If anything, we made the process
easier and reduced the number of quality levels a reviewer
might assign an article. We reviewed the recommendations for
diagnostic test studies®'® and adapted them specifically for
studies of the clinical examination.”? In the early articles
appearing in The Rational Clinical Examination series, we
assigned Grades for levels of evidence. However, this blurred
the distinction between Levels 3, 4, and 5. Because no study
accepts Level 5 evidence in making recommendations, we
dropped the Grade designation and now report only the Levels
as shown in Table 1-7.13

Table 1-7 Levels of Evidence?

Level of

Evidence Grade Definition

1 A Independent blinded comparison of sign or symptom
results with a criterion standard of diagnosis among a
large number of consecutive patients suspected of

having the target condition

Independent blinded comparison of sign or symptom
with a criterion standard of diagnosis among a small
number of consecutive patients suspected of having
the target condition

Independent blinded comparison of sign or symptom with
a criterion standard of diagnosis among nonconsecutive
patients suspected of having the target condition

Nonindependent comparison of sign or symptom with
a criterion standard of diagnosis among samples of
patients who obviously have the target condition plus,
perhaps, normal individuals

Nonindependent comparison of sign or symptom with
a standard of uncertain validity

“Modified from Holleman and Simel."
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Table 1-8 Hypothetical Data in Which Only the Patients Who Received
Neuroimaging Appear in the Published Report

Table 1-9 Hypothetical Data, Adjusted for the Patients Who Did Not
Receive Neuroimaging

Target Condition Target Condition
Finding Present Absent Finding Present Absent
Present 90 10 LR+=19.0 Present 90 10 LR+ =43
Absent 10 90 LR-—=0.11 Absent 10/0.10=100 90/0.10=900 LR-=0.53

Sensitivity = 0.90

Sensitivity = 0.47

Specificity = 0.90

Specificity = 0.99

Abbreviations: LR+, positive likelihood ratio; LR—, negative likelihood ratio.

Most of the important biases that compromise a study’s
results follow from the study population not being consecutive,
prospective, or independently assessed with an appropriate
blindly applied reference standard. By consecutive, we mean
that the authors enrolled all patients for whom the target disor-
der was a reasonable consideration. Independent means that the
symptom or sign under study was not used to select patients for
the study. Blind means that the symptoms and signs were
applied without knowledge of the presence of disease deter-
mined by the reference standard, but also that the reference
standard was interpreted without knowledge of the study ques-
tions. The size of a study (level 1 vs level 2) for quality assess-
ment depends on the disease under consideration. The authors
of The Rational Clinical Examination evaluate sample sizes
according to their review of the literature because there is no
uniform number that determines quality; for example, a large
study of thoracic aortic aneurysms might likely not have as
many patients as a large study of urinary tract infection in
women.

One particular bias, verification bias, deserves special consid-
eration because it can be insidious and have a big effect on the
LR. Verification bias occurs when all the potentially eligible
patients fail to undergo confirmation of their disease status.
Often, this is done for pragmatic reasons. An example might be
a study of headache patients that seeks to describe whether
asymmetric neurologic findings (eg, weakness) indicating seri-
ous intracranial abnormalities were discovered through neu-
roimaging. Because it would be expensive and impractical to
have every patient with headaches undergo imaging, an investi-
gator typically chooses to maximize the chance of finding
something by including all patients with asymmetric muscle
strength but only a sample of those who are normal. We can
highlight the effect of verification bias on the sensitivity, speci-
ficity, and LRs, through examining tables of example data. Sup-
pose an investigator reports the findings displayed in Table 1-8.

In the example, the finding looks excellent, with a sensitivity
and specificity of 90%. However, because the investigator could
not justify the reference standard (eg, neuroimaging on every
patient with a headache), the investigative team referred only a
sample of those with positive clinical findings (for illustrative
purposes, 10%). Had the investigator been evaluating every
patient, the findings might have been as shown in Table 1-9.

The data demonstrate that verification bias tends to over-
estimate sensitivity while underestimating specificity.* When

Abbreviations: LR+, positive likelihood ratio; LR—, negative likelihood ratio.

the bias is left unadjusted, the investigator will not recognize
that the presence of the finding is actually better than sug-
gested (the adjusted LR+ should be higher), whereas the
absence of the finding is not as good as suggested (the
adjusted LR— should be closer to 1). Astute investigators will
recognize that if they collect complete data on all the poten-
tially eligible patients, the bias is one of the few in diagnostic
test research that can be mathematically corrected.
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CHAPTER

Does This Patient Have
Abdominal Aortic
Aneurysm?

Frank A. Lederle, MD
David L. Simel, MD, MHS

CLINICAL SCENARIOS

CASE 1 A 60-year-old man requests a physical exami-
nation because a friend recently died suddenly from a
ruptured abdominal aortic aneurysm (AAA). Your exami-
nation reveals nothing abnormal. After reassuring the
patient, you are left wondering whether you might have
missed an AAA large enough to warrant surgical repair.

CASE 2 A thin 80-year-old woman observes that she can
feel her abdomen pulsating against her belt. While exam-
ining her abdomen, you find an easily palpable, strongly
pulsating aorta that you measure to be about 2 cm wide.
You wonder whether you should order an ultrasono-
graphic examination.

CASE 3 You are asked to see a 75-year-old man with 12
hours of right flank and abdominal pain, constipation, uri-
nary frequency, urgency, dysuria, and leukocytosis and who
is about to be sent home on treatment for pyelonephritis.
Deep palpation of the abdomen is difficult, but you faintly
discern a large pulsatile mass. You order computed tomog-
raphy, which confirms an AAA with bleeding into the retro-
peritoneum, and the patient is taken to the operating room.

WHY IS PHYSICAL DIAGNOSIS
OF AAA IMPORTANT?

Abdominal aortic aneurysms cause more than 10 000 deaths
each year in the United States,! and many of these deaths
should be preventable through timely diagnosis and treat-
ment. AAAs usually remain asymptomatic while slowly
enlarging during a period of years or even decades. About a
third will eventually rupture, an event associated with a mor-
tality rate of 80%.2 Important risk factors for AAA include
age, male sex, and smoking.’

Abdominal palpation was the original method of AAA
detection. When ultrasonography and computed tomogra-
phy became available, it was clear that they were more accu-
rate than palpation, and these became the procedures of
choice for confirming the diagnosis of AAA and for mea-
surement of AAA diameter. A variety of studies have shown
the sensitivity and specificity of ultrasonography and com-
puted tomography to be close to 100%.%# Since then, the
importance of abdominal palpation has been limited to
identifying patients who should have confirmatory imaging
studies. In one recent report, 31% of all AAAs diagnosed at a
university hospital were originally detected by routine phys-
ical examination.’

The first scenario addresses the issues of screening (or case
finding) to detect AAA and the subsequent management of
asymptomatic AAA, 2 subjects of considerable debate in
recent literature. Although most of the discussion of screen-
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ing has focused on the use of ultrasonography, the only study
to consider both methods found screening with abdominal
palpation to be more cost-effective.'’ In a review of the peri-
odic physical examination, abdominal palpation for AAA
was one of the few maneuvers recommended for older men.!!
The Canadian Task Force on the Periodic Health Examina-
tion observed that abdominal palpation of men older than 60
years was prudent,'? but both the Canadian and the US Pre-
ventive Services Task Forces gave each AAA screening
method a C rating (poor evidence to include or exclude from
the periodic health examination), and some authors have
judged the accuracy of abdominal palpation for AAA to be
insufficient for screening."

Management is based on observations that the risk of AAA
rupture (and hence the need for elective repair) increases
with the diameter of the aneurysm. The diameter of asymp-
tomatic AAA above which repair should be offered to good
surgical candidates is the topic of ongoing clinical trials,"
and current recommendations range from 4.0 to 6.0 cm,
with 5.0 cm as the cutoff point most commonly used.?
Patients with AAAs that do not yet warrant repair are fol-
lowed up with ultrasonography once or twice a year to detect
enlargement that might warrant repair.

The second scenario represents what has been termed the
students’ aneurysm.'® Realization that these symptoms and
physical findings are normal allows the physician to provide
immediate reassurance to the patient and makes further test-
ing unnecessary.

In the third scenario, abdominal palpation may have been
lifesaving. Physical examination should not be relied on to
rule out the diagnosis of ruptured AAA, and any patient in
whom the diagnosis is considered should undergo ultra-
sonography or computed tomography. However, there are
patients whose clinical likelihood of having a ruptured AAA
lies below the physician’s threshold for obtaining an imaging
study and for whom physical examination may therefore be
decisive. Many physicians are unfamiliar with the varied pre-
sentations of ruptured AAAs, so palpation of a widened aorta
may be the first suggestion of the diagnosis."”

The importance of the physical examination in these set-
tings depends largely on its accuracy. In this article, the accu-
racy of physical diagnosis of an AAA is assessed by review and
analysis of the available literature. In 1905, Osler'® observed
that “no pulsation, however forcible, no thrill, however
intense, no bruit, however loud—singly or together—justify
[sic] the diagnosis of an aneurysm of the abdominal aorta,
only the presence of a palpable expansile tumour” Accordingly,
most of the literature on physical examination to detect AAA
has dealt with abdominal palpation to measure the width of
the pulsatile mass representing the aneurysmal aorta, but sev-
eral other physical signs have been considered. In one study,
abdominal and femoral bruits and absent femoral pulses had
no predictive value.® Another study found that location of the
pulsation more than 3.0 cm caudad of the umbilicus was not
predictive of AAA." In 1975, Guarino® stated that the pulsa-
tile mass of AAA could be distinguished by its being moveable
laterally but not cephalad or caudad. This observation was
not studied, however, and in the current era of readily avail-

able ultrasonography, there may be little value in further
increasing the specificity of physical examination once a wid-
ened aorta is felt. We are aware of no other putative signs of
AAA for which published information is available, so the
remainder of this article will be limited to the consideration of
abdominal palpation in detecting a widened aorta. Attempts
to measure precisely the AAA diameter by abdominal palpa-
tion (as opposed to simply differentiating abnormal from
normal) have also been studied*>?!">* but are of limited impor-
tance now that AAA measurements are routinely obtained
more accurately from follow-up imaging studies and so will
not be considered further.

METHODS

We searched MEDLINE for articles from 1966 to August
1998, using a search strategy previously developed for The
Rational Clinical Examination series that combined 10
exploded MeSH headings (“physical examination,” “medical
history taking,” “professional competence,” “sensitivity and
specificity,” “reproducibility of results,” “observer variation,”
“diagnostic tests, routine,” “decision support techniques,’
“Bayes theorem,” “mass screening”) and 2 text word catego-
ries (“physical exam$” and “sensitivity and specificity”), and
then we took the intersection of this set with aortic aneurysm
(exploded). The resulting set, plus articles in our files, refer-
ences cited by these articles, and references in textbooks, was
reviewed for information pertinent to the clinical examina-
tion of AAA. Unpublished information was obtained from
the authors of some studies.

Series with fewer than 10 patients and those published
before 1966 were not considered. No other exclusions (eg,
language, publication type) were applied. We assigned each
study to a level of evidence according to a system previously
developed for this series.”* Level 1 studies are independent,
blind comparisons of sign or symptom results with a crite-
rion standard among a large number (sufficient to have nar-
row confidence limits on the resulting sensitivity, specificity,
or likelihood ratio) of consecutive patients suspected of hav-
ing the target condition. Level 2 studies are independent,
blind comparisons of sign or symptom results with a crite-
rion standard among a small number of consecutive patients
suspected of having the target condition. Level 3 studies are
independent, blind comparisons of signs and symptoms with
a criterion standard among nonconsecutive patients sus-
pected of having the target condition. Level 4 studies are
nonindependent comparisons of signs and symptoms with a
criterion standard among convenience samples of patients
who obviously have the target condition plus, perhaps,
healthy individuals. Level 5 studies are nonindependent
comparisons of signs and symptoms with a standard of
uncertain validity (which may even incorporate the sign or
symptom result in its definition) among convenience sam-
ples of patients and, perhaps, healthy patients.

Abdominal aortic aneurysm, to provide consistency in data
extraction, was defined as an abdominal aortic diameter of 3.0
cm or greater. There is no widely accepted method of defining



the cutoff point between a normal aorta and an AAA. Imaging
studies done in clinical practice are often interpreted according
to arterial shape (eg, distal widening), but epidemiologic stud-
ies have generally used the simpler measure of unadjusted
infrarenal aortic diameter, which has been shown to be associ-
ated with rupture risk.® An infrarenal aortic diameter of 3.0
cm is a commonly used but somewhat controversial cutoff
point in published articles, whereas a diameter of 4.0 cm or
larger is clearly diagnostic of an AAA. Adjustment of the cutoff
point for such factors as age, sex, and body size has been sug-
gested but appears to have little practical value.?

An a priori decision was made to consider intermediate
findings on palpation as negative when the uncertainty was
due to the aorta’s being impalpable?* and positive when the
findings were considered suggestive of an AAA (as opposed
to definite).3!

Sensitivity was calculated as the proportion of affected
patients with positive findings, specificity as the proportion
of unaffected patients with negative findings, and a positive
predictive value as the proportion of patients with positive
findings who were affected. Likelihood ratios were also cal-
culated; the positive likelihood ratio (LR+) is defined as
sensitivity/(1 — specificity) and expresses the increase in the
odds of having the disease when the finding is positive
(LR+ values are > 1), and the LR— is defined as (1 — sensitiv-
ity)/specificity and expresses the decrease in the odds of
having the disease when the finding is negative (LR— values
are 0-1). Values for true positives, false positives, true nega-
tives, and false negatives were increased by 0.5 when likeli-
hood ratios were computed to avoid division by 0.2 CIs for
likelihood ratios from individual studies were computed
using the method of Simel et al.

The studies of AAA screening were judged to be of suffi-
cient quality and similarity of design to assess for statistical
similarity. The y? tests for heterogeneity of the sensitivity
data were not significant (all P > .10), supporting the deci-
sion to pool these data.* However, assessments of heteroge-
neity of the effectiveness scores (a measure of the effect size
of a diagnostic test result) were of borderline significance
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(pooled effectiveness, 1.7; P = .04 using a cutoff of 3.0 cm;
pooled effectiveness, 2.1; P = .06 using a cutoff of 4.0 cm).*
Therefore, a random-effects measure was used as a conserva-
tive method for pooling the results of these studies, and ClIs
for the pooled likelihood ratios were calculated by using the
method of Eddy and Hasselblad.**

RESULTS
Abdominal Palpation for Ruptured AAA

Several studies have reported the sensitivity of abdominal
palpation in patients with ruptured AAA (Table 2-1).17354
In these studies, it is not clear how often the physical find-
ings suggested the diagnosis of AAA as opposed to being
elicited after the diagnosis was made by other methods.
The sensitivities tended to be higher when patient selec-
tion was limited to those diagnosed antemortem (includ-
ing operative series). Three series included masses that
were described as not pulsatile, and sensitivities with these
masses included are reported separately in Table 2-1.
Compared with asymptomatic AAAs, ruptured AAAs tend
to be larger, which would be expected to increase sensitiv-
ity,¥ but rupture may also be associated with guarding,
intestinal distention caused by compromised circulation,
and loss of integrity of the AAA, which could have the
opposite effect.

Abdominal Palpation for Asymptomatic AAA

Some studies have reported the sensitivity of abdominal pal-
pation in patients with known asymptomatic AAAs (range of
sensitivities, 65%-100%).47222336394-4 Most of these studies
involved patients undergoing preoperative evaluation for
elective repair of large AAAs, and many patients were origi-
nally identified by physical examination before referral to the
study group. The lack of blinding and the preponderance of
large AAAs likely resulted in higher sensitivities than would
be achieved in most clinical settings.

Table 2-1 Sensitivity of Abdominal Palpation in Series of Patients With Ruptured Abdominal Aortic Aneurysm?

Source, y No. of AAAs Sensitivity of Palpation (%)® Patient Selection
Pryor,% 1972 44 45 (82) Al

Williams et al,* 1972 79 97 Operated on

Ottinger,*” 1975 40 75 (100) Diagnosed antemortem
McGregor,* 1976 41 44 (51) Unoperated on at autopsy
Gordon-Smith et al,** 1978 83 90 Operated on

Gaylis and Kessler,** 1980 105 87 Diagnosed antemortem
Donaldson et al,*" 1985 81 91 Not stated

Walsh et al,*> 1992 55 64 Al

Lederle et al,'” 1994 23 52 Presented to internist

Abbreviation: AAA, abdominal aortic aneurysm.
¢All studies provide level 4 evidence (see “Methods” section).
®Numbers in parentheses represent the sensitivity if nonpulsatile masses are included.




CHAPTER 2 The Rational Clinical Examination

Other studies have reported the positive predictive value of
clinical suspicion for AAAs in a series of patients referred for
imaging studies (range of positive predictive values, 15%-
919%).613:213148-53 The wide range of values may reflect possible
inclusion in some studies of patients with previous diagnos-
tic imaging studies before their referral to the study group
(falsely increasing positive predictive value) and of patients
referred for ruling out AAA according to indications other
than palpation of a widened aorta (potentially falsely increas-
ing or decreasing positive predictive value). Two studies pro-
vide results by age and sex, indicating that the highest
positive predictive values are obtained in men older than 60
years, with low values (<15%) obtained in women and
younger men.'*%

The best evidence available for assessing the performance
of abdominal palpation in detecting AAAs comes from series
of patients not previously suspected of having AAAs who
were screened by abdominal palpation and ultrasonography
(Table 2-2) 81927305462 T al] 15 of these studies, screening was
limited to patients at increased risk for AAAs, usually older
men with hypertension or vascular disease. Blinding of the
examiner was ensured when physical examination preceded
ultrasonography; this was stated to have occurred in 8 of
these 15 studies®!*¥-305% and was implied to have occurred in
the others. No study stated whether the ultrasonographer
was blinded to the physical examination findings.

The low level of disease prevalence in these screening stud-
ies and the resulting low expectation of disease by the exam-
iner have the advantage of reflecting most clinical settings. A
disadvantage is that the small number of AAAs, particularly
larger AAAs, limits the precision of the estimates from indi-
vidual studies. We addressed this problem by pooling data
from all studies.

In the pooled analysis, the sensitivity of abdominal pal-
pation increased significantly with the AAA’s diameter (P
< .001, p? for trend), illustrating the previously described
effect of disease severity on sensitivity.* As seen in Table 2-2,
the pooled sensitivity values range from 29% for AAAs of 3.0
to 3.9 cm to 50% for AAAs of 4.0 to 4.9 cm and to 76% for
AAAs of 5.0 cm or greater. As would be expected, these sensi-
tivities are lower than those observed in the series of previ-
ously known (and presumably larger) AAAs mentioned
above.

The high LR+ indicates that the finding of a widened aorta
greatly increases the odds that an AAA is present, whereas the
LR- indicates that the absence of this finding is only moder-
ately effective in ruling out an AAA. Not surprisingly, the
likelihood ratios also indicate that abdominal palpation is a
more effective diagnostic test for larger AAAs (LR+, 16; LR—,
0.51, using a cutoff point for AAA of > 4.0 cm vs LR+, 12;
LR-, 0.72 using a cutoff point for AAA of 2 3.0 cm).

Factors That Affect Abdominal Palpation for AAA

The sensitivities shown in Table 2-2 apply only to abdominal
palpation directed at AAA detection and not to routine
abdominal palpation (abdominal palpation as it is routinely
done in practice, not necessarily specifically directed at mea-

suring aortic width). Several studies have compared routine
physical examination with abdominal palpation directed at
AAA detection. In one of the screening studies listed in Table
2-2, all 5 patients with AAAs considered definite at the study’s
physical examination and subsequently confirmed by ultra-
sonography had been missed on routine physical examination
of the abdomen in the previous 6 months.® Another study
found that 95 of 188 patients with AAAs considered palpable
on physical examination before surgery had been missed on
at least 1 physical examination in the 12 months preceding the
initial diagnosis.”” In a third study, 19 of 37 patients with pre-
viously undiagnosed but easily palpable ruptured AAAs (all 6-
10 cm in diameter) had undergone physical examination in
the previous 24 months, but the diagnosis had been missed.®
Abdominal aortic aneurysms enlarge at a mean rate of 0.2 to
0.5 cm/y,»* so the interval was unlikely to have been an
important confounder in these studies.

Obesity also appears to limit the effectiveness of abdomi-
nal palpation. In one study, patients with AAAs missed at
palpation had significantly greater mean abdominal girth
than patients with AAAs detected at palpation (111 vs 96 cm;
P <.01), and when abdominal girth was less than 100 cm, 6
of 6 AAAs were detected at palpation compared with 3 of 12
AAAs that were detected when abdominal girth was 100 cm
or more (P < .01).> Another study observed that 23% of the
patients “were too obese for us to feel the aortic pulse.”** We
are aware of no reports discussing whether AAA is ruled out
more reliably when the aorta is palpable and considered to be
normal than when the aorta cannot be adequately palpated.

How to Perform Abdominal Palpation to Detect AAA

Abdominal palpation should be conducted while the patient
is supine, with his or her knees raised while the abdomen
relaxes. The examiner first feels deeply for the aortic pulsa-
tion, usually found a few centimeters cephalad of the umbili-
cus (the umbilicus marks the level of the aortic bifurcation)
and slightly to the left of midline. The examiner then posi-
tions both hands on the abdomen with palms down, placing
an index finger on either side of the pulsating area to confirm
that it is the aorta (each systole should move the 2 fingers
apart) and to measure the aortic width. A generous amount
of abdominal skin should be included between the 2 index
fingers, and it is often easier, initially, to probe for one side of
the aorta at a time.

It is the width, and not the intensity, of the aortic pulsation
that determines the diagnosis of an AAA; a normal aorta is
often readily palpable in thin patients or those with loose
abdominal muscles. The aorta is normally less than 2.5 cm
(1 in) in diameter, and aortas larger than this (after allowing
for skin thickness) warrant further investigation, usually
with ultrasonography. Physical examination to detect AAAs
is rarely warranted in persons younger than 50 years because
of the low frequency of disease in this group.

There are no known risks associated with palpation of the
abdominal aorta. We found no reports of AAA rupture
attributed to physical examination, and a textbook author
observed that he was “unaware of rupture during examina-
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Table 2-2 Abdominal Palpation in Populations Screened for Asymptomatic Abdominal Aortic Aneurysm?

No. of AAAs Diagnosed by Ultrasonography and
Sensitivity of Abdominal Palpation

Likelihood Ratios

Positive
>3.0 cm (All) 3.0-3.9cm 4.0-4.9 cm >50cm  Predictive  cyutoff Point: AAA 3.0 cm Cutoff Point: AA >4.0 cm
Range of Value of
Patient  Women, No. Sensitivity, Sensitivity, Sensitivity, Sensitivity, Palpation, LR+ LR- LR+ LR-
Source, y Age, y % Screened AAA % % % AAA % % (95% CI) (95% Cl) (95% Cl) (95% Cl)
Cabellon et al,? 43-79 33 73 9 22 NA NA NA . NA 67 11(1.6-73)  0.77(0.54-1.1)
1983
Ohman et al,* 1985 50-88 0 50 3 0 2 0 1 0 0 . 12(0.3-5628) 0.88 (0.61-1.3) 25(0.6-968)  0.76 (0.34-1.7)
Twomey et al,® 1986 >50 0 200 14 64 7 43 3 100 4 75 64 21(8.7-53) 0.38(0.19-0.74) 18(8.9-39)  0.20 (0.05-0.83)
Allen et al,% 1987 >B65 43 168 3 0 2 0 0 1 0 0 16(0.1-23) 0.95(0.65-1.4) 3.3(0.3-39) 0.81(0.36-1.9)
Allardice et al,’” 1988 39-90 25 100 15 33 10 0 3 100 2 100 100 59 (3.4-1018) 0.66 (0.46-0.94) 176 (11-2823) 0.08 (0.01-1.2)
Lederle et al2 1988 60-75 0 201 20 45 10 40 5 20 5 80 35 4725900 0.61(0.41-090) 45(22-91) 0.56(0.31-1.0)
Collin et al,’ 1988 65-74 0 426 23¢ 35 NA NA NA NA - 36 9.9 @.7-21)  0.67 (0.50-0.90) . .
Shapiraetal®1990  31-83 36 101 4 0 2 0 0 2 0 - 20(0.4-890) 0.90(0.68-1.2) 33(0.8-1415) 0.84(0.50-1.4)
Andersson et al, 38-86 42 288 14 29 NA NA NA NA 31 8.7(3.2-23)  0.73(0.52-1.0)
1991
Spiridonov and 17-67 13 163 10 70 3 0 4 100 3 100 26 51(29-9.1) 0.37(0.15-0.87) 7.2(4.6-11) 0.07 (0-1.0)
Omirov,%0 1992
MacSweeney et al,?® NA 36 200 55 24 33 0 16 44 6 100 72 6.4 (2.5-16) 0.79(0.68-0.92) 19(7.8-47) 0.43(0.26-0.69)
1993
Karanjiaetal®’ 1994  55-82 41 89 9 100 2 100 5 100 2 100 82 319.0-105)  0.05(0-0.77) 17 (6.9-43) 0.07 (0-0.97)
Molnar et al,® 1995 65-83 53 41 7 43 2 50 3 33 2 50 33 27(09.1-81) 057(0.31-1.0) 23(6.9-74)  0.59 (0.30-1.2
al Zahrani et al, ® 60-80 29 392 7 57 1 0 4 50 2 100 57 62 (18-208)  0.44(0.20-3.0) 71 (22-231)  0.36 (0.13-0.97)
1996
Arnell et al,* 1996 55-81 0 96 1 100 1 100 0 0 14 113.7-33)  0.27(0.02-3.00 6.5(0.8-52)  0.54(0.08-3.8)
Pooled results 26 2955 194 39 75 29 44 50 29 76 43 12(7.4-19) 0.72(0.65-0.81) 16(8.6-28)  0.51(0.38-0.67)

Abbreviations: AAA, abdominal aortic aneurysm; Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative, likelihood ratio; NA, data not available.

“ncludes unpublished information received from authors. All studies used ultrasonography and provide level 2 evidence. The pooled results for numbers are sums and for functions are from a random-effects measure and provide level 1 evidence
(see “Methods” section). Abdominal aortic aneurysm is defined as at least 3.0 cm by ultrasonography.
®No information was given on AAA diameter.

°Ellipses indicate values cannot be calculated.
%Abdominal aneurysms less than 3 cm are included.
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tion of any of several thousand AAAs seen over four
decades.”®

We are aware of no educational studies examining methods
of learning AAA palpation. In our experience, however, accu-
rate palpation is readily learned through practice and feed-
back. We have found that physicians can become proficient
after comparing their findings with ultrasonographic mea-
surements in a few patients with AAAs and a few controls.

Bottom Line

The only physical examination maneuver of demonstrated
value for the diagnosis of an AAA is abdominal palpation to
detect a widened aorta. Palpation of AAA appears to be safe
and has not been reported to precipitate rupture.

Positive findings on abdominal palpation greatly increase
the likelihood that an AAA, particularly a large AAA, is
present. Even so, the positive predictive value of 43% (Table
2-2) indicates that less than half of all high-risk patients (and
fewer low-risk patients, such as most women and young
men) suspected of having an enlarged aorta on abdominal
palpation will be found to have an AAA. However, this may
not be of great concern because ultrasonography provides a
safe and relatively inexpensive confirmatory test.

Abdominal palpation will detect most AAAs large enough
to warrant surgery, but it cannot be relied on to rule out the
diagnosis. The sensitivity of palpation appears to be reduced
by abdominal obesity and by routine abdominal examina-
tion not specifically directed at measuring aortic width.
When a ruptured AAA is suspected, imaging studies such as
ultrasonography or computed tomography should be per-
formed regardless of physical findings.
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UPDATE:

CLINICAL SCENARIO

You are performing a physical examination on an obese
65-year-old man. You have been thorough with abdomi-
nal palpation and allowed the abdominal muscles to relax
enough so that you to feel the aortic pulsation. You esti-
mate it to be 2 cm wide, which is normal. Because you
have heard that abdominal palpation is less accurate in
obese patients, you wonder whether the examination find-
ings exclude abdominal aortic aneurysm (AAA).

UPDATED SUMMARY ON
ABDOMINAL AORTIC ANEURYSM

Original Review

Lederle FA, Simel DL. Does this patient have abdominal aor-
tic aneurysm? JAMA. 1999;281(1):77-82.

UPDATED LITERATURE SEARCH

We reviewed all citations listed under “exp aortic aneurysm”
in MEDLINE, from 1998 to July 2004. The search yielded
7590 titles. We also searched personal files maintained on the
topic since the original publication. We reviewed titles and
abstracts to identify new studies that met the original inclu-
sion and exclusion criteria, focusing on large studies that
included information on the sensitivity or specificity of the
physical examination for abdominal aneurysms in the gen-
eral population. The review identified only 1 article that met
our inclusion criteria.

NEW FINDINGS

+ The interobserver variability for detecting aneurysms is good.

+ The sensitivity of the examination is better for smaller
patients than for larger patients. However, the sensitiv-
ity in larger patients is still good when the aorta can be
palpated.

+ When the patient cannot “relax” the abdomen, clinicians
should be aware that they are more likely to “miss” an
aneurysm.

Abdominal Aortic Aneurysm

Prepared by Frank Lederle, MD
Reviewed by Ed Etchells, MD

Details of the Update

Abdominal palpation continues to be an important method
for diagnosing AAA. In a recent study from a UK district gen-
eral hospital, 48% of all AAAs were diagnosed by physical
examination' compared with 31% in reference 9 of the origi-
nal Rational Clinical Examination article.

A study published after the original review evaluated patient
factors such as abdominal obesity, girth, and tightness and the
effect of a palpable aorta, which might have an effect on the
accuracy of the clinical evaluation. In addition, the investigators
provided information on interobserver variability in abdominal
palpation for AAA.? The only pragmatic way to conduct such an
evaluation is through the evaluation of patients with and with-
out an aneurysm. In this study of 200 subjects, 99 with and 101
without AAA, the interobserver pair agreement for AAA vs no
AAA between the first and second examination was 77% (K =
0.53). The sensitivity of the examination improves with increas-
ing size of the aneurysm. For aneurysms 5 cm or larger, the sen-
sitivity was 82%. Not surprisingly, the examiners also had better
sensitivity in thinner subjects (abdominal girth less than 100 cm
[40-in waistline]) than in more obese subjects (sensitivity, 91%
vs 53% for girth of 100 cm or more). Even when girth was 100
cm or more, if the aorta was palpable, sensitivity was 82%. Phy-
sicians sometimes have trouble palpating the abdominal aorta
when patients cannot “relax” their abdomen. This study con-
firmed that the examiners’ assessment that the abdomen was not
tight improved their accuracy in detecting aneurysms (odds
ratio, 2.7; 95% confidence interval, 1.2-6.1).

In another study, 125 subjects with AAA and 39 without
AAA underwent abdominal palpation with a vascular sur-
geon, a nurse, and the patient.’> The vascular surgeon and
nurse knew of the high prevalence of AAA in the sample, but
they did not know an individual patient’s diagnosis. For vas-
cular surgeons, sensitivity was 57% for AAAs less than 4.0 cm
but more than 97% for AAAs larger than 4.0 cm. The accu-
racy of nurses and patients was similar to that of the sur-
geons, which is surprising because the patients used palpable
pulsation as the only criterion for diagnosing AAA. The k
value for agreement between surgeons and nurses was high,
at 0.92, and agreement of either with the patient was nearly as
high. Factors independently associated with false negatives
were smaller AAA diameter and higher body mass index. The
extremely high sensitivities, presumably related to the exam-




CHAPTER 2 Update

Table 2-3 The More Certain the Examiner Feels About the Findings,
the More Likely They Are Correct

Clinical Impression LR+ (95% Cl)
Examination “definite” for aneurysm 4.8 (2.7-8.8)
Examination “suggestive” 1.4 (0.92-2.1)

0.43 (0.35-0.54)

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio.

Examination “normal”

iners’ knowledge of the high prevalence of AAA, raise ques-
tions about the study’s generalizability.

The largest sensitivity study to date was recently reported from
Brazil.* The first 3000 subjects to call in response to an advertis-
ing campaign were scheduled for screening. The study group
consisted of 2756 subjects who responded to an advertising cam-
paign, were older than 50 years, had no previous diagnosis of
AAA, and had an adequate ultrasonographic examination. Each
subject underwent abdominal palpation with a vascular surgeon
and ultrasonography. It is unclear whether palpation was blinded
to ultrasonographic findings. There were 64 AAAs 3.0 cm or
larger identified by ultrasonography. Sensitivity and positive pre-
dictive value of a positive abdominal palpation result were 31%
and 339%, respectively. This sensitivity was somewhat lower than
in previous studies, possibly reflecting reduced examiner vigi-
lance resulting from the size of the study.

Several other studies since the original review added useful
information but did not meet our inclusion criteria. A pulsa-
tile mass may be present after endovascular repair of AAA,
potentially leading to diagnostic confusion.” A cohort study
from the Medical Research Council Thrombosis Prevention
Trial examined the result of abdominal palpation of the aorta
by general practitioners in 4171 men from 1992 to 1994.°
Abdominal aortic aneurysm was suspected in 60 men and
confirmed in 25 (positive predictive value, 42%). By mid-
1996, 6 men died of ruptured AAA who had not been sus-
pected of having AAA on palpation, suggesting that sensitiv-
ity of palpation to detect clinically important AAA was less
than 81%.

In an older study addressing predictive value, only 1 of 29
consecutive patients presenting to the Massachusetts General
Hospital emergency department in the 1970s with tender
pulsatile mass without hypovolemia actually had AAA.7

IMPROVEMENTS IN THE DATA PRESENTED
IN THE ORIGINAL PUBLICATION

A new study allows us to assess the likelihood of an aneurysm
according to clinicians’ confidence in their examination find-
ings and the accuracy of the examination related to various
patient factors such as obesity (see Table 2-3).

Whereas the original publication observed that 5 cm was
the threshold most commonly used for considering surgery,
2 large randomized trials show no benefit of repair for aneu-
rysms with a diameter of less than 5.5 cm.®

CHANGES IN THE REFERENCE STANDARD

There are no changes in the reference standard.

RESULTS OF LITERATURE REVIEW
Univariate Findings for AAA

The efficiency of the examination depends on the confidence
in your findings.

EVIDENCE FROM GUIDELINES

Four trials of screening for abdominal aneurysms with ultra-
sonography have been conducted since the original US
Preventive Services Task Force and Canadian Task Force
recommendations. The US Preventive Services Task Force now
recommends one-time screening for AAA by ultrasonography
in men aged 65 to 75 years who have ever smoked."

CLINICAL SCENARIO—RESOLUTION

Although it is true that abdominal palpation is less accu-
rate in obese patients (roughly those with a waist circum-
ference of more than 40 in), the fact that you could
palpate the aorta improves the accuracy. The sensitivity
for detecting an AAA 3.0 cm or larger is 82%, and your
finding that the aorta was normal confers a negative likeli-
hood ratio of 0.30. You are able to reassure the patient
that, given your examination findings, the likelihood that
he has an AAA is low.
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ABDOMINAL AORTIC ANEURYSM—MAKE THE DIAGNOSIS

PRIOR PROBABILITY

Abdominal aortic aneurysms occur in 4% to 8% of older
men. The prevalence in older women is less than 2%.

POPULATION FOR WHOM AAA
SHOULD BE CONSIDERED

+ Age older than 50 years
+ History of ever smoking
+ Male sex

+ White race

+ Family history of AAA

DETECTING AN ABDOMINAL AORTIC ANEURYSM
The size of an aneurysm affects the clinician’s ability to
detect it (Table 2-4).

Table 2-4 Likelihood Ratios Vary With the Size of the Aneurysm

Ability to Detect an Asymptomatic

Aneurysm According to Size LR+ (95% Cl)  LR-(95% Cl)

16 (8.6-29)  0.51(0.38-0.67)
12(7.4-20) 0.72(0.65-0.81)

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative like-
lihood ratio.

Aneurysm > 4.0 cm (n = 12 studies)
Aneurysm > 3.0 cm (n = 15 studies)

Clinicians can detect asymptomatic AAAs. The ability to
detect the aneurysm relates, in part, to patient characteristics.
The examination should focus on the width of the palpated
abdominal aorta. Fortunately, the examination results are just as
good for the obese as for the nonobese patient when the clini-
cian detects an aneurysm. However, the examination is not as
efficient at ruling out an aneurysm in obese patients or in those
who cannot relax their abdomen to facilitate the examination.

REFERENCE STANDARD TESTS

Imaging studies (ultrasonography or computed tomography).
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EVIDENCE TO SUPPORT THE UPDATE:

Abdominal Aortic Aneurysm

TITLE The Accuracy of Physical Examination to Detect
Abdominal Aortic Aneurysm.

AUTHORS Fink HA, Lederle FA, Roth CS, Bowles CA,
Nelson DB, Haas MA.

CITATION Arch Intern Med. 2000;160(6):833-836.

QUESTION How well do commonly used maneuvers
work for detecting abdominal aortic aneurysm (AAA)?

DESIGN Each participant underwent physical examina-
tion of the abdomen by 2 internists.

SETTING Minneapolis Veterans Affairs Medical Center.

PATIENTS Two hundred participants (aged 51-88 years),
99 with and 101 without AAA as determined by previous
ultrasonography.

DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD

The internists were blinded to one another’s findings and to
the ultrasonographic diagnosis.

MAIN OUTCOME MEASURES

K, Mean pair agreement, sensitivity, specificity, likelihood
ratios, independent predictors of correct diagnosis. The unit
of analysis was the examination.

MAIN RESULTS

Interobserver pair agreement for AAA vs no AAA between
the first and second examinations was 77% (K = 0.53). Sensi-
tivity increased with AAA diameter, from 61% for AAAs of
3.0 to 3.9 cm, to 69% for AAAs of 4.0 to 4.9 cm, 72% for
AAAs of 4.0 cm or larger, and 82% for AAAs of 5.0 cm or
larger. Sensitivity in subjects with an abdominal girth less
than 100 cm (40-in waistline) was 91% vs 53% for girth of
100 cm or greater (P < .001). When girth was 100 cm or
greater and the aorta was palpable, sensitivity was 82%.
When girth was less than 100 cm and the AAA was 5.0 cm or

larger, sensitivity was 100% (12 examinations). Factors inde-
pendently associated with correct examination findings
included AAA diameter (odds ratio [OR], 1.95 per centime-
ter increase; 95% confidence interval [CI], 1.1-3.6), abdomi-
nal girth (OR, 0.90 per centimeter increase; 95% CI, 0.87-
0.94), and the examiner’s assessment that the abdomen was
not tight (OR, 2.7; 95% CI, 1.2-6.7).

The authors provided us data for each examiner according
to their degree of confidence in their examination. As
expected, these data indicate that an examination “sugges-
tive” of aneurysm conveys considerably less certainty than an
examination “definite” for aneurysm (see Table 2-5).

Table 2-5 The Efficiency of the Examination Depends on the
Confidence in Your Findings (n = 3 Examiners)

Level of Certainty in Findings LR+ (95% Cl)
Examination “definite” for aneurysm 4.8 (2.7-8.8)
Examination “suggestive” 1.4 (0.92-2.1)

Examination “normal” 0.43 (0.35-0.54)

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio.

CONCLUSION
LEVEL OF EVIDENCE Level 3.

STRENGTHS This study was the first to involve sufficient
numbers of AAA to examine the effect of patient factors such
as obesity, girth, and abdominal tightness and the effect of a
palpable aorta. Because previous work indicated that abdom-
inal palpation was insensitive when girth was 100 cm or
greater, the authors sought to determine whether subgroups
of patients with large girth could be identified in whom
abdominal palpation might be reliable. Those with a palpable
aorta and large girth had sensitivity of 82%.

LIMITATIONS One likely reason for the increased sensitivi-
ties was increased diagnostic vigilance owing to the high
prevalence of AAA.

Unlike previous studies that used consecutive patients with
relatively low prevalence of AAA, this study included a large
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number of patients with AAA to provide power to look at the
value of various patient and examination factors. It was also
the first study to look at interobserver variability in abdomi-
nal palpation for AAA. The mean pair agreement (77%) and
K (0.53) for AAA vs no AAA are considered moderate.
Abdominal palpation has only moderate overall sensitivity
for detecting AAA but appears to be sensitive for diagnosis of
AAAs large enough to warrant elective intervention in
patients who do not have a large girth. Abdominal palpation
has good sensitivity, even in patients with a large girth, when
the aorta is palpable.

Reviewed by Frank A. Lederle, MD

TITLE Prevalence of Abdominal Aortic Aneurysms: A
Screening Program in Sao Paulo, Brazil.

AUTHORS Puech-Leao P, Molnar LJ, Oliveira IR, Cerri
GG.

CITATION Sao Paulo Med J. 2004;122(4):158-160.

QUESTION How accurate is abdominal palpation for
detecting abdominal aortic aneurysm (AAA)?

DESIGN Each subject underwent abdominal palpation
with a vascular surgeon and ultrasonography.

SETTING University Hospital, Sdo Paulo, Brazil.

PATIENTS The first 3000 subjects to call in response to
an advertising campaign were scheduled for the screening
clinic. The study group consisted of 2756 subjects who
were older than 50 years, without previous diagnosis of
AAA, and for whom ultrasonography was adequate.

DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD

The description of palpation precedes that of ultrasonography
in the “Methods,” but we are not told explicitly that palpation
was performed before, or blinded to, ultrasonography.

MAIN OUTCOME MEASURES

Palpation result was recorded as positive, negative, or
impossible.

AAA was defined as aortic diameter of 3.0 cm or more by
ultrasonography. See Table 2-6 for the results of palpation for
this study.

MAIN RESULTS

Table 2-6 Results of Palpation in a Large Screening Setting

No. of AAAs by
Palpation N Ultrasonography
Positive 60 20
Negative 2398 41
Impossible 298 3

Abbreviation: AAA, abdominal aortic aneurysm.
Sensitivity: 20/64 = 31%. Specificity: 2652/2692 = 98%. Positive predictive value
of positive examination result: 20/60 = 33%.

CONCLUSION
LEVEL OF EVIDENCE Level 3.

STRENGTHS This is by far the largest study of the sensitiv-
ity of palpation to date, comprising nearly as many patients
as all previous studies combined. The sensitivity of 31% is
somewhat lower than the pooled sensitivity of 39% reported
in our original Rational Clinical Examination article, which
could result from a greater attenuation of any increased
examiner vigilance resulting from study participation.

LIMITATIONS It is not clear from the article that examiners
were blinded to the ultrasonographic results, though the low
sensitivity would suggest that they were. Although the
authors have information on age, sex, and AAA diameter, the
effect of these factors on palpation is not described.

Reviewed by Frank A. Lederle, MD



CHAPTER

s Listening for
Abdominal Bruits
Useful in the Evaluation
of Hypertension?

Jeffrey M. Turnbull, MD, FRCP

Toward the end of an unusually busy clinic, a clinical clerk
greets the final patient of the day, a man with a recently doc-
umented increase of blood pressure. With all the enthusiasm
that remains after 4 years of medical training, she compul-
sively listens for abdominal bruits. Almost surprised, she
hears a soft systolic-diastolic epigastric bruit and is faced
with the inevitable question: so what?

WHY IS THIS AN IMPORTANT QUESTION TO
ANSWER WITH A CLINICAL EXAMINATION?

As we have gained insight into the origin and meaning of vas-
cular bruits, detailed auscultation of the abdomen has become
more common. Once detected, an abdominal bruit often is
characterized according to pitch, timing, amplitude, and loca-
tion in an effort to detect and document pathologic states,
such as renovascular disease, splenic enlargement, hepatic cir-
rhosis, carcinoma of the pancreas and liver, splenic and hepatic
vascular abnormalities, intestinal vascular insufficiency, and
aortic disease. More recently, abdominal bruits have been doc-
umented in a substantial percentage of healthy individuals.

Although the search for an abdominal bruit has become
part of the general physical examination, it also has been rec-
ommended as a key element of the examination of the hyper-
tensive patient, in whom the presence of an abdominal bruit
is considered to be an important feature of renovascular
hypertension.'”

To be of value, a diagnostic investigation (such as eliciting
an abdominal bruit in the setting of hypertension) must reli-
ably predict the presence or absence of disease (in this case,
renovascular hypertension). This process should influence
the course of management or prognosis. With this in mind,
the reliability and accuracy of auscultating for an abdominal
bruit in a patient with hypertension will be examined.

THE ANATOMIC AND PHYSIOLOGIC
ORIGIN OF THE ABDOMINAL BRUIT

Whereas turbulent flow within a vessel is the physiologic basis
for a bruit, the pitch and radiation are a function of the flow
and direction of the turbulent stream. Intrinsic or extrinsic
abnormalities can produce turbulence, and although these
abnormalities usually arise from within the abdomen, they can
also arise from the inguinal area, retroperitoneum, or thorax.

PREVALENCE OF ABDOMINAL BRUITS

The prevalence of bruits in different groups is summarized in
Table 3-1. In “normal” populations (individuals without
hypertension), the presence of any abdominal bruit has been
detected in 6.5% to 31% of patients, with a predilection for
the younger age groups (Figure 3-1). Among normal individ-

Copyright © 2009 by the American Medical Association. Click here for terms of use.




CHAPTER 3 The Rational Clinical Examination

uals older than 55 years, the prevalence was 4.9%. It is gener-
ally believed that the short, faint, and midsystolic bruit heard
in these asymptomatic patients is “innocent.”

In patients with angiographically proven renal artery ste-
nosis, bruits have been documented in 77.7% to 86.9% of
cases, with higher prevalence than the 28% observed among
unselected patients referred for hypertension.>® In a study
by Grim et al,! the systolic-diastolic bruit was never detected
in 379 normal subjects and was found in 1 of 199 patients
with essential hypertension.

Eppier et al'! distinguished the presence of abdominal bruits
in fibromuscular hyperplasia of the renal artery from that in
atherosclerotic lesions. Their retrospective medical record
review of 87 patients with surgically treated renal artery stenosis
revealed a bruit in 77% of patients with fibromuscular disease
and in 35% of patients with atherosclerotic disease.

Table 3-1 The Prevalence of Abdominal Bruits

Reference, y Age,y No. and Study Group  Prevalence, %
General Population
Edwards et al,* 17-30 200 healthy volunteers 6.5
1970
Julius and Stew-  Unknown 170 volunteers 16
art,° 1967
Rivin,8 1972 16-85 426 patients without car- 18
diovascular or intra-
abdominal disease
Watson and Will- ~ 13-71 161 psychiatric patients 31
lams,” 1973 13-78 200 patients referred with 27
gastrointestinal complaints
Patients With Hypertension
Julius and Stew- 155 patients referred with 28
art,> 1967 hypertension
Patients With Angiographically Proven Renal Stenosis
Huntatal®1974 6-63 100 patients referred for 87
investigation of hypertension
Perloff etal, 1961 17-72 54 patients referred with 78

sustained hypertension

[ Julius and Stewart,® 1967
O Rivin,® 1972

50 ~
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Figure 3-1 The Prevalence of Bruits Varies
With Age in Normal Populations
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HOW TO EXAMINE FOR ABDOMINAL BRUITS

The patient should be relaxed in a supine position, with
the room quiet and with the examiner initially auscultat-
ing in the epigastrium, with moderate pressure applied to
the diaphragm of the stethoscope. All 4 quadrants should
be auscultated anteriorly. The auscultation should con-
tinue over the spine and flanks in the areas between T12
and L2 to rule out bruits that may be heard best posteri-
orly. However, no data exist that would support the rou-
tine auscultation of the back for abdominal or retroperitoneal
bruits. Once detected, bruits can be correlated to the car-
diac cycle by palpation of the carotid upstroke, with the
systolic-diastolic bruit being more prolonged and extend-
ing into diastole.

Because the kidneys lie retroperitoneally and the renal
arteries leave the aorta in the area cephalad to the umbili-
cus, attention should be given to auscultation in the epigas-
tric area for the bruit of renovascular disease, a pancreatic
neoplasm, or an innocent bruit (Figure 3-2). The bruit of a
hepatic carcinoma has been heard in the right upper quad-
rant, whereas that of a splenic arteriovenous fistula has
been described in the left upper quadrant. Periumbilical
bruits are at times heard in the setting of mesenteric
ischemia, and venous hums are from portosystemic hyper-
tension. Finally, in the older population, an abdominal
bruit may be associated with an abdominal aortic aneu-
rysm. Estes,'? in a study of 102 patients with abdominal aor-
tic aneurysms, demonstrated the presence of an associated
bruit in 28% of cases.

Areas of auscultation

r { Epigastric area
Upperright /% ‘00 1077\ Upper left | |
quadrant 4 il', LA quadrant
‘ AT e
. Lower right ; ‘-.. 'l 7\ Lower left
quadrant Y/ quadrant

":\_\\a l } ' _, \\ _

Figure 3-2 Appropriate Areas of Auscultation




THE PRECISION OF ABDOMINAL
AUSCULTATION FOR BRUITS

Neither intraobserver nor interobserver variations in the way we
elicit this sign have been evaluated in detail. However, Watson
and Williams’ reported 92% (149/161) agreement when
patients with celiac artery compression were prospectively
examined by 2 examiners for the presence of an abdominal
bruit. With standardization, auscultation of the abdomen can be
performed with the appropriate degree of precision.

THE ACCURACY OF ABDOMINAL AUSCULTATION
IN RENOVASCULAR HYPERTENSION

This discussion will concentrate on abdominal bruits in fibro-
muscular and atherosclerotic renovascular disease. Because
abdominal bruits occur in healthy individuals and in those with
the nonrenovascular conditions listed in Table 3-2, they may
occasionally yield false-positive findings in hypertensive patients.

Many studies describe the accuracy of the abdominal bruit in
detecting renovascular disease in patients referred for hyperten-
sion, but only 3 demonstrate sufficient methodologic rigor
(Table 3-3). These reports were of sufficient size and uniform
clinical assessment, and the angiogram was the criterion stan-
dard. A further study by Julius and Stewart’ reported a sensitiv-
ity of 20%; however, specificity could not be estimated.

PRESENCE OF ABDOMINAL BRUITS

The most useful study' of the accuracy of abdominal ausculta-
tion assembled a consecutive series of patients referred to a uni-
versity medical center for hypertension. All patients healthy
enough for surgery underwent careful abdominal auscultation,
with positive findings confirmed by a second examiner, plus
other tests for renovascular hypertension, including arteriogra-
phy. Of 64 patients with renovascular hypertension (an abnor-
mal angiogram result and a renal vein renin ratio >1.5), 25 had
combined systolic-diastolic abdominal bruits, for a sensitivity of
39% (95% confidence interval [CI], 27%-51%). Of 199 hyper-
tensive patients with normal arteriogram results, 2 had systolic-
diastolic bruits, for a specificity of 99% (95% CI, 98%-100%).
Thus, although the absence of a systolic-diastolic bruit did not
rule out renovascular hypertension, the presence of a systolic-

CHAPTER 3 Abdominal Bruits

diastolic bruit helped to rule it in, with a likelihood ratio (LR) of
39 (95% CI, 9.4-160).

A second study recorded any epigastric or flank bruits in a
series of hypertensive patients undergoing arteriography.*
Not surprising, the sensitivity of 63% (95% CI, 45%-81%)
for any bruit was higher than in the previous study, whereas
the specificity for any bruit was somewhat lower, at 90%
(95% ClI, 84%-96%). Consequently, the presence of any sys-
tolic bruit confers a lower LR for renovascular hypertension
(LR = 6.4; 95% CI, 3.2-13). Thus, the systolic-diastolic
abdominal bruit is less sensitive (P = .04; y*; = 4.36) and
more specific (P < .01; y* = 13.5) than the combination of
both isolated systolic and combined systolic-diastolic bruits.

Other than these studies and that by Perloff et al,’ addi-
tional studies of the accuracy of abdominal bruits in patients
with hypertension are less rigorous and are not reported.

In summary, there is a substantial prevalence of systolic
bruits in young, healthy patients, which increases in hyperten-
sive patients, especially those with documented renovascular
disease. In instances when the accuracy of the abdominal bruit
has been rigorously assessed in evaluating patients with reno-
vascular disease, the sensitivity has been reported to be
between 20% and 78%, whereas the specificity has been
between 64% and 90%. Systolic-diastolic bruits are seldom

Table 3-2 Reported Nonrenovascular Causes of an Abdominal Bruit?

Reference, y Condition

Arida,*® 1977

Bloom,™ 1950

Clain et al,™ 1966

Estes,'? 1950

Goldstein,'® 1968

Lee,'” 1967

Matz and Spear,’® 1969
McLoughlin et al,™® 1975
Sarr et al, 1980

Serebro and W’srand,?' 1965
Shumaker and Waldhausen,? 1961
Smythe and Gibson,* 1963

Splenic arteriovenous fistula
Hepatic cirrhosis

Alcoholic hepatitis, hepatoma
Abdominal aortic aneurysm
Celiac artery compression syndrome
Bacterial gastroenteritis
Unilateral renal hypertrophy
Celiac artery stenosis
Chronic intestinal ischemic
Pancreatic neoplasia

Hepatic arteriovenous fistula
Tortuous splenic arteries

“No data exist that would permit the listing of these disorders by prevalence.

Table 3-3 Accuracy of the Abdominal Bruit in Renovascular Hypertension

LR
Reference, y Type of Bruit Sensitivity, % (95% CI?) Specificity, % If Present If Absent
Grim et al,’ 1979 Systolic and diastolic abdomi- 25/64 =39 (27-51) 197/199 = 99 (98-100) 39 0.6
nal bruit
Fenton et al,** 1966 Any epigastric or flank bruit, 17/27 = 63 (45-81) 82/91 = 90 (84-96) 6.4 0.4
including isolated systolic bruit
Perloff et al,® 1961 Systolic bruit 78 64 2.1 0.35

Abbreviations: Cl, confidence interval; LR, likelihood ratio.
¢Cl obtained with the use of normal approximation method.
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heard in healthy people or in patients with essential hyperten-
sion, but they are more common in individuals with renovas-
cular disease. In patients with fibromuscular disease, there is
an increased prevalence for all types of bruits.

AUSCULTATORY CHARACTERISTICS OF BRUITS

Although many bruits have been characteristically described
as having a certain pitch, intensity, and location, the data to
support this have been questioned.!"” Moser and Caldwell?*
demonstrated a slightly increased prevalence of high-pitched
bruits in association with renal artery disease (87%) when
compared with the prevalence of medium-pitched or low-
pitched bruits (57%). This finding supports the results of
Julius and Stewart,” who reported an increased prevalence
(64%) of high-pitched bruits in these patients.

In the study by Moser and Caldwell,” the intensity of the
bruit described in patients with renovascular disease was less
discriminatory, with 80% (17/21) of cases having loud bruits
and 55% (16/29) having quiet bruits. These same authors
described their results in predicting the localization of the
stenosis. In their study, of the 13 patients in whom renovas-
cular disease was isolated to 1 vessel, stenosis was correctly
localized beforehand in 6 (46%). Eppier et al'! reported
slightly better results because the site of the renovascular
lesion was correctly localized in 70% of patients with fibro-
muscular disease and 43% of patients with atherosclerotic
renovascular disease. Julius and Stewart® directly auscultated
the renal artery by using a sterile stethoscope at the time of
renovascular surgery, demonstrating that, of 18 patients with
bruits, in 9 the bruits were confined to the correct renal
artery and in 7 the renal artery bruits were combined with
additional vascular bruits. In 2 patients (11%), the bruits
heard before surgery were secondary to other vascular
abnormalities, and there were no bruits associated with the
renal artery.

PROGNOSIS OF PATIENTS WITH
HYPERTENSION AND BRUITS

Finally, the importance of identifying the location, pitch,
and intensity of a bruit is questionable, and this issue awaits
further clarification with larger prospective studies. Two
reports have linked the presence of bruits to the outcome of
renovascular surgery but with conflicting results. Eppier et
al!! found that 84% of patients with systolic-diastolic bruits
had favorable surgical results, compared with 55% of
patients with only systolic bruits or no bruits. This result was
replicated in patients whose renal artery stenoses were due to
atherosclerosis, but the presence of diastolic bruits and the
recent onset of hypertension correlated with favorable surgi-
cal outcomes in patients with both fibromuscular and ath-
erosclerotic vascular disease. In contrast, Simon et al? were
unable to attach prognostic importance to abdominal bruits
in patients with fibromuscular or atherosclerotic renovascu-
lar disease.

THE BOTTOM LINE

In view of the high prevalence (7%-31%) of innocent
abdominal bruits in the younger age groups, if a systolic
abdominal bruit is detected in a young, normotensive,
asymptomatic individual, no further investigations are war-
ranted. In view of the low sensitivity, the absence of a sys-
tolic bruit is not sufficient to rule out the diagnosis of
renovascular hypertension. In view of the high specificity,
the presence of a systolic bruit (in particular a systolic-dia-
stolic bruit) in a hypertensive patient is suggestive of reno-
vascular hypertension. Subsequent investigation should
take into consideration the pretest likelihood of renovascu-
lar disease and full cost and potential benefits of any man-
agement decision. In view of the lack of evidence to support
characterizing bruits as to pitch, intensity, and location,
bruits should be reported only as systolic or systolic/dia-
stolic. Existing information does not permit a definitive
statement pertaining to the prognostic implication of a
renal bruit.

In summary, the critical review of the literature pertain-
ing to the abdominal bruit would suggest that the routine
auscultation of the abdomen for the presence or absence of
an abdominal bruit in the healthy asymptomatic popula-
tion is of little value in view of the high prevalence of
benign bruits. However, for our troubled clinical clerk, the
presence of a systolic-diastolic bruit would provide sup-
portive evidence of an underlying diagnosis of renovascular
disease and should lead her to more aggressive investigation
for this disorder.
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UPDATE:

CLINICAL SCENARIO

A 55-year-old, white, male smoker has had hypertension for
10 years. It has always been well controlled, with systolic
measures of lower than 35 mm Hg. He is receiving a diuretic
and a B-blocker. Recently, the systolic pressure has typically
been 140 to 150 mm Hg. He is a bit overweight (body mass
index, 26.5). There has been no evidence for atherosclerotic
disease. His serum creatinine level is unchanged, at 0.11
pmol/L. The serum cholesterol level is 5.95 mmol/L. Your
suspicion is that the increased blood pressure is a manifesta-
tion of essential hypertension, but you decide to auscultate
for an abdominal bruit. You hear none. You would like to
add an angiotensin-converting enzyme inhibitor, but you
wonder whether you have ruled out renal artery stenosis as a
cause of the recent upward trend in his pressure.

UPDATED SUMMARY ON ABDOMINAL BRUITS
Original Review

Turnbull JM. Is listening for abdominal bruits useful in the
evaluation of hypertension? JAMA. 1995;274(16):1299-1301.

UPDATED LITERATURE SEARCH

Our literature search crossed the text words “renal artery;” “aus-
cultation,” “bruit,” and “hypertension,” published in English
from 1994 to 2004. We also searched on the subject heading
“renal artery obstruction/di” The search yielded 86 articles for
which the titles and abstracts were reviewed. One article that
included sensitivity and specificity data on the abdominal bruit
as a sign for renal artery stenosis was retrieved.

NEW FINDINGS

+ A large study of patients with hypertension that is difficult
to control confirmed the usefulness of finding an abdomi-
nal bruit, even those heard only during systole.

+ Available data do not allow us to make conclusions about
the prevalence or importance of finding an abdominal
bruit in black patients.

Abdominal Bruits

Prepared by David L. Simel, MD, MHS
Reviewed by Lori Orlando, MD

Details of the Update

Many normal individuals have abdominal bruits. The pres-
ence of an abdominal bruit becomes potentially important
in hypertensive patients, especially those with certain char-
acteristics. Abdominal bruits may be the harbinger of renal
artery stenosis, and the diagnosis should be suspected in
hypertensive patients who had their disease onset at a
young age or who have blood pressures that are seemingly
resistant to medical treatment. It may be therapeutically
useful to identify patients with renal artery stenosis
because balloon angioplasty may be a useful treatment
intervention for controlling blood pressure, especially
when medications fail.!

One study, identified in the original Rational Clinical
Examination article, found the highest diagnostic utility
for an abdominal bruit that had both a systolic and dia-
stolic component. The effect of an abdominal bruit with
both components compared with an abdominal bruit with
only a single systolic component has not been evaluated. In
our updated literature review, we found 1 large, prospec-
tive cohort study of patients with hypertension that is diffi-
cult to control who were systematically evaluated for renal
artery stenosis. The importance of a systolic bruit in this
population of patients (predominantly white) was similar
to that found in previous work that we reviewed in the
original publication.?

A study of 85 consecutive patients with hypertension, dia-
betes, and normal renal function provides useful information
about ethnicity and renal artery stenosis as it includes a
higher proportion of black patients than previous studies.’
The odds ratio for Afro-Caribbean patients vs other patients
(white or Asian) was 0.70 (95% confidence interval [CI],
0.19-2.5). We can combine the data with those from Krijnen
et al’ to find a summary odds ratio of 0.37 (95% CI, 0.12-1.1)
for black ethnicity, suggesting that perhaps black patients are
less likely than other patients to get renal artery stenosis.
However, the broad Cls suggest that the currently available
data do not allow us to conclude this with certainty. Unfortu-
nately, data were not provided on the frequency of abdominal
bruits, so we do not know whether the finding of an abdomi-
nal bruit in black patients has the same significance as in
other patients.




CHAPTER 3 Update

IMPROVEMENTS IN THE DATA PRESENTED
IN THE ORIGINAL PUBLICATION

ClIs were not provided in the original publication. A typo-
graphic error in the negative likelihood ratio (LR-) for a bruit
was found for Table 3-3. The LR- for the study by Perloff et al*
should have been 0.35, as is now shown. We reconfigured
Table 3-3 from the original publication, providing the CIs and
summary estimates for the presence of a bruit (Table 3-4).

CHANGES IN THE REFERENCE STANDARD

The reference standard remains arteriography. However,
noninvasive tests have replaced arteriography in offering a
less risky screening approach for appropriate patients.” At
possible treatment (ie, balloon angioplasty), all patients
undergo arteriography to ensure proper technique.

RESULTS OF LITERATURE REVIEW
Multivariate Findings for Renal Artery Stenosis

A clinical prediction model can be used in white patients
with hypertension that is difficult to control.? The model can
be downloaded to a computer (the DRASTIC [Dutch Renal
Artery Stenosis Intervention Cooperative] spreadsheet; http://
www2.eur.nl/fgg/mgz/software.html, accessed May 16, 2008).
The model has not been validated prospectively or in a popu-
lation of blacks.

Table 3-4 Univariate Findings for Renal Artery Stenosis

Finding LR+ (95% Cl) LR-(95% Cl)
Bruit
Systolic and diastolic
Grim et al® 39 (10-145)  0.62(0.49-0.73)
Systolic with/without diastolic componentt
Krijnen et al? 6.7 (3.7-12)  0.76 (0.66-0.84)
Fenton et al’ 6.4(32-12)  0.41(0.24-0.62)
Perloff et al* 2.2 (1.5-3.2) 0.35(0.20-0.57)
Summary systolic bruit 4.3(2.3-8.00 0.52(0.34-0.78)
History of atherosclerotic disease? 2.2 (1.8-2.8) 0.52 (0.40-0.66)

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative likeli-
hood ratio.
“Did not distinguish between individuals with systolic-only bruits vs systolic and diastolic.

EVIDENCE FROM GUIDELINES

The Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure (JNC 7)
suggests that physicians auscultate for abdominal bruits in
patients with hypertension.® The suggestion is not accompa-
nied with data but is an expert’s opinion. The report specifi-
cally recommends considering renal artery stenosis for
certain hypertensive patients.

CLINICAL SCENARIO—RESOLUTION

Patients with hypertension frequently need treatment
with additional medications as they get older. The patient
has none of the more obvious findings to suggest renovas-
cular hypertension from renal artery stenosis. According
to expert recommendations, you listened for abdominal
bruits and heard none. The proper technique must be
used, and you must be listening in a quiet room. Often,
physicians do not apply enough pressure with the dia-
phragm of the stethoscope. Had you heard a bruit, you
would have attempted to see whether the bruit extends
into diastole. This can be done by palpating the carotid
while listening to see whether the bruit prolongs beyond
the carotid upstroke.

The LR data for the presence or absence of systolic
bruits apply only to patients with resistant hypertension.
With just 2 medications, you should not assume that he
has resistant hypertension. Thus, the LR for the absence
of bruit cannot be applied to this patient. You might
resort to a clinical decision model (referenced above).
Given his age, smoking status, sex, body weight, absence
of a bruit, long history of hypertension, and normal cre-
atinine and cholesterol levels, you would find that his
predicted probability of renovascular stenosis is 10%.
Two caveats apply to this model—it was also developed
with data from patients with resistant hypertension, so
his probability of renal artery stenosis is probably even
lower. Second, had your patient been black, you would
have needed to recognize that the accuracy of the model
would be unknown.
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RENAL ARTERY STENOSIS—MAKE THE DIAGNOSIS

Patients without hypertension should not have ausculta-
tion for asymptomatic renal artery bruits because bruits
frequently are a normal finding. The search for renal
artery stenosis should be confined to certain patient pop-
ulations (see below). When present in these populations,
an abdominal bruit is the most useful physical examina-
tion finding for assessment of renal artery stenosis.

PRIOR PROBABILITY OF RENOVASCULAR DISEASE

Approximately 1% to 5% of the general population has
renovascular disease. Approximately 20% of white patients
with medically refractory hypertension have renal artery
stenosis.

POPULATION FOR WHOM RENAL ARTERY
STENOSIS SHOULD BE CONSIDERED

+ Onset of hypertension before 30 years of age

Patients with an arterial bruit and hypertension, espe-
cially if there is a diastolic component

Accelerated hypertension
Hypertension that becomes resistant to medication
Flash pulmonary edema

Renal failure, especially in the absence of proteinuria
or an abnormal urine sediment result

Acute renal failure precipitated by angiotensin-con-

verting enzyme inhibitors or angiotensin-receptor
blockers

DETECTING THE LIKELIHOOD OF RENAL ARTERY STENOSIS
IN PATIENTS WITH REFRACTORY HYPERTENSION

See Table 3-5.

Table 3-5 Clinical Examination Findings for Renal Artery Stenosis

Finding (No. of Studies) LR+ (95% Cl)  LR-(95% CI)
Systolic-diastolic bruit (n = 1) 39 (10-145)  0.62 (0.49-0.73)
Systolic bruit (n = 3) 4.3(2.3-8.00 0.52(0.34-0.78)

History of atherosclerotic disease (n=1) 2.2 (1.8-2.8) 0.52 (0.40-0.66)

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative likeli-
hood ratio.

REFERENCE STANDARD TESTS

Moderate-risk and high-risk patients are subjected to a nonin-
vasive screening test (ultrasonography, computed tomography,
magnetic resonance imaging). The type of imaging modality for
screening (eg, contrast-enhanced ultrasonography vs gadolin-
ium-enhanced computed tomography or magnetic resonance
angiography) may be operator dependent, and physicians will
need to rely on their local radiologists’ expertise. All patients
have their disease status confirmed with arteriography as part of
a therapeutic procedure.
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EVIDENCE TO SUPPORT THE UPDATE:

Abdominal Bruits

TITLE A Clinical Prediction Rule for Renal Artery Stenosis.

AUTHORS Krijnen P, van Jaarsveld BC, Steyerberg EW,
Man in ’t Veld AJ, Schalekamp MA, Habbema JD.

CITATION Ann Intern Med. 1998;129(9):705-711.

QUESTION Do clinical data identify patients likely to
have renal artery stenosis?

DESIGN Prospective data collected as part of a cohort study.

SETTING Multiple internal medicine departments in
the Netherlands.

PATIENTS One thousand one hundred thirty-three
patients, aged 18 to 75 years, with normal serum creatinine
levels and referred for hypertension evaluations. Most
patients had hypertension that was difficult to control.

DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD

Patients were assigned to 1 of 2 treatment protocols. Those who
had a mean diastolic blood pressure of 95 mm Hg or higher at
follow-up, or those who experienced an increase in serum cre-
atinine level when treated with angiotensin-converting enzyme
inhibitor, underwent digital subtraction angiography, and
underwent other noninvasive tests of the renal arteries.

The clinical data were collected prospectively. The presence
of “abdominal bruit” was recorded before the reference stan-
dard tests.

MAIN OUTCOME MEASURES

Renal artery stenosis (=50%) identified by arteriography.

MAIN RESULTS

From a population of 1133 patients, 477 required renal artery
stenosis evaluation for either blood pressure that is difficult
to control or an increase in serum creatinine level when
treated with an angiotensin-converting enzyme inhibitor.
One hundred seven patients had renal artery stenosis (22%).

Table 3-6 Likelihood Ratio of Findings for Renal Artery Stenosis

Test Sensitivity Specificity LR+ (95% Cl) LR—(95% Cl)
Abdominal bruit 0.27 0.96 6.7 (3.7-12)  0.76 (0.66-0.84)
Atherosclerotic 0.63 0.72 2.2 (1.8-2.8) 0.52(0.40-0.66)
disease

Abbreviations: Cl, confidence interval; LR, likelihood ratio.

Abdominal bruit or atherosclerotic disease (femoral or
carotid bruit, angina, claudication, myocardial infarction,
cerebrovascular accident, or vascular surgery) were the vari-
ables with the best accuracy (Table 3-6). A clinical prediction
model included the additional terms of age, smoking history,
recent onset of hypertension, obesity, hypercholesterolemia,
and the serum creatinine level. The model can be down-
loaded via the Internet (the DRASTIC [Dutch Renal Artery
Stenosis Intervention Cooperative] spreadsheet; http://www2.
eur.nl/fgg/mgz/software.html, accessed May 16, 2008). The
model had an area under the receiver operating characteristic
curve (a measure of accuracy) of 0.84 (95% confidence inter-
val, 0.79-0.89).

CONCLUSIONS
LEVEL OF EVIDENCE Level 1.

STRENGTHS Prospective data collection in the relevant
population of patients with hypertension that is difficult
to control. The prediction model was subjected to internal
validation.

LIMITATIONS “Abdominal bruit” is not defined. The study
population had almost no patients of black ethnicity. The
prediction rule was not externally validated in a separate
population of patients.

This is a large study in the population of patients for
whom renovascular hypertension and renal artery stenosis
might be considered. The presence of any abdominal bruit
was recorded by examiners and showed excellent specificity
with a sufficiently high positive likelihood ratio. A patient’s
history that indicates previous atherosclerotic vascular dis-
ease also has diagnostic utility.

E3-1
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CHAPTER 3 Evidence to Support the Update

A problem for some clinicians is that the patients were
almost all whites.! Given the low prevalence of renovascular
hypertension in blacks, US physicians cannot be certain that
the results will generalize well.

Reviewed by David L. Simel, MD, MHS

REFERENCE FOR THE EVIDENCE

1. Wilcox C. Screening for renal artery stenosis: are scans more accurate
than clinical criteria? Ann Intern Med. 1998;129(9):738-740.



G H A P T E R CLINICAL SCENARIO

A 58-year-old man was admitted to the hospital for an
elective cholecystectomy. At the time of admission, he
smelled of alcohol, although he was not obviously intoxi-
cated. On questioning, he said that he had come from a
business lunch where he had “a drink.” When questioned
about his alcohol history, he became angry and defensive.
He said that he was “offended by the implications of these
questions.” On the day after the surgery, he was found to
be diaphoretic, tremulous, and hallucinating and was

Doe S Th iS P atien‘t Have an judged to be in alcohol withdrawal. Could other inter-

viewing techniques have identified this man as one who

AI co h 0 I P ro b I e m ? was alcohol dependent and at risk of withdrawal?

James M. Kitchens, MD, FRCPC WHY IS THIS AN IMPORTANT QUESTION TO
ANSWER WITH A CLINICAL EXAMINATION?

It is estimated that more than 100 million Americans drink
alcohol and that about 10% of those who drink have alcohol
problems that adversely affect their lives and the lives of their
families.! Alcohol is involved in 10% of all deaths in the
United States. The mortality rate in those who drink 6 or
more drinks per day is 50% higher than the rate in matched
controls.? Alcohol is a major factor in suicides, homicides,
violent crimes, and fatal motor vehicle crashes. Alcohol
abuse and dependence are common in both partners where
spouse and child abuse occur.’* There is a 4-fold increased
risk of alcohol dependence in the children of alcohol-depen-
dent parents.’

Alcohol is primarily or secondarily implicated in a large
number of medical problems such as cirrhosis, alcoholic
hepatitis, portal hypertension, gastritis, nutritional deficien-
cies, cardiomyopathy, dysrhythmias, cognitive dysfunction,
seizures, neuropathies, myopathies, low birth weight, fetal
alcohol syndrome, and a variety of head and neck cancers.!

Alcohol abuse and alcohol dependence are common prob-
lems. A history of alcohol abuse has been found in one-fifth
to one-third of patients attending inner-city ambulatory
medical clinics, and one-third of these patients report an
active drinking problem. In some of these settings, the preva-
lence of abuse has been as high as two-thirds in men.*®
Unfortunately, physicians recognize only about half of the
problem drinkers that they encounter, and they are even less
likely to identify problems in women and elderly people.**?

DIAGNOSTIC STANDARDS FOR
ALCOHOL ABUSE AND DEPENDENCY

Alcohol-related problems provide many diagnostic problems
for clinicians. In our society, drinking is a common and
socially complex behavior. At one end of the drinking spec-

Copyright © 2009 by the American Medical Association. Click here for terms of use.



CHAPTER 4 The Rational Clinical Examination

Table 4-1 Diagnostic and Statistical Manual of Mental Disorders,
Revised Third Edition (DSM-IIl-R) and International Statistical
Classification of Diseases, 10th Revision (ICD-10) Diagnostic Criteria
for Substance Abuse, Harmful Use, and Substance Dependence

DSM-III-R Dependence (3 ltems Required)

1. Substance often taken in larger amounts or during a longer period than
the person intended

2. Persistent desire or 1 or more unsuccessful efforts to cut down or control
substance use

3. A great deal of time spent in activities necessary to get substance, taking
substance, or recovering from its effects

4. (a) Recurrent use when substance use is physically hazardous (eg, drives
while intoxicated) or (b) frequent intoxication or withdrawal symptoms
when expected to perform major role obligations at work, school, or home

5. Important social, occupational, or recreational activities given up or
reduced because of substance use

6. Continual substance use despite knowledge of having persistent or recur-
rent social, psychological, or physical problem that is caused or exacer-
bated by the use of substance

7. Marked tolerance: need for markedly increased amounts of substance (at
least a 50% increase) to achieve intoxication or desired effect or markedly
diminished effect with continued use of the same amount

8. Characteristic withdrawal symptoms
9. Substance often taken to relieve or avoid withdrawal symptoms.
DSM-IlI-R Abuse

1. Continued use despite knowledge of having persistent or recurrent social,
occupational, psychological, or physical problem that is caused or exacer-
bated by the use of substance

2. Recurrent use in situations in which use is physically hazardous
ICD-10 Dependence (3 Items Required)
1. A strong desire or sense of compulsion to use a substance

2. Bvidence of impaired capacity to control the use of a substance. This may
relate to difficulties in avoiding initial use, difficulties in terminating use, or
problems controlling levels of use.

3. A withdrawal state or use of the substance to relieve or avoid withdrawal
symptoms and subjective awareness of the effectiveness of such behavior

4. Evidence of tolerance of the effects of the substance

5. Progressive neglect of alternative pleasures, behaviors, or interests in
favor of substance use

6. Persisting with substance use despite clear evidence of harmful conse-
quences

ICD-10 Harmful Use

1. Clear evidence that the use of a substance was responsible for causing
actual psychological or physical harm to the user

trum, alcohol is used in moderation without adverse conse-
quences to the drinkers or those around them. At the other
end of the spectrum are those drinkers who have adverse
effects medically, economically, and psychosocially from
repeated abuse of alcohol. Between those who occasionally
use alcohol in moderation and those who are frankly alcohol
dependent lies a continuum of drinkers with varying con-
sumption patterns and risks of alcohol-related problems.
The rational use of diagnostic tests to identify problem
drinking or alcohol dependence demands a clear under-
standing of the definitions of the disorder being diagnosed. It
will also become clear that diagnostic test characteristics,

such as sensitivity, specificity, and likelihood ratios (LRs),
vary considerably, depending on the definition of problem
drinking or alcohol dependence.

The International Statistical Classification of Diseases, 10th
Revision (ICD-10) and the Diagnostic and Statistical Manual
of Mental Disorders, Revised Third Edition (DSM-1II-R) of the
American Psychiatric Association present guidelines for the
diagnosis of substance abuse disorders.!*! The ICD-10 recog-
nizes 2 categories: harmful use and alcohol dependence. The
DSM-III-R recognizes 2 categories: alcohol abuse and alcohol
dependence. The diagnostic criteria for DSM-III-R and ICD-
10 are found in Table 4-1. There is another edition of the
DSM, the DSM-IV. It is not significantly different from DSM-
II-R with regard to the diagnosis of alcohol abuse and alco-
hol dependence. The following discussion refers to DSM-III-R
because it has been used as a diagnostic standard for compar-
ison with other diagnostic questionnaires.

Alcohol dependence represents a syndrome as diagnosed
by DSM-III-R and ICD-10. The syndrome criteria of the 2
systems overlap considerably, but there are differences
between DSM-III-R and ICD-10. The ICD-10 does not
include items that address the social or legal consequences of
dependence, nor does it have criteria that assess dangerous
use (eg, driving or working while intoxicated). The ICD-10
criteria are restricted to the medical and psychological con-
sequences of abuse and dependence. Despite these differ-
ences, there is excellent concordance between DSM-III-R
and ICD-10 in the diagnosis of alcohol dependence.!® This
high degree of concordance illustrates the fact that depen-
dence most commonly affects medical, psychological, and
social aspects of life. Rarely are the consequences restricted
to one sphere of life.

The ICD-10 and DSM-III-R have separate categories of
harmful or abusive drinking that do not meet the criteria for
dependence. However, there is poor concordance between
the 2 systems for these diagnostic categories.'® Because it does
not include criteria for social/legal consequences of drinking,
ICD-10 makes fewer diagnoses than DSM-III-R does. For
example, an individual who repeatedly drives while intoxi-
cated would not be assigned a diagnosis under ICD-10 but
would be assigned a diagnosis as an alcohol abuser under
DSM-III-R.

The DSM-III-R is the most widely used diagnostic frame-
work for alcohol-related disorders, and it has been used as
the diagnostic standard for comparison of other diagnostic
questionnaires.®”!* The DSM-III-R criteria for alcohol abuse
or dependence are structured to detect alcohol problems at
any time in the life of the patient. This lifetime prevalence of
alcohol problems may not represent an individual’s current
drinking status.® Most studies that use the DSM-III-R criteria
as the diagnostic standard for the identification of alcohol
abuse or dependence also use a published structured inter-
view, such as the Structured Clinical Interview for DSM-III-R
(SCID), that asks specific interview questions that relate to
the DSM-III-R diagnostic criteria."”

Other studies have used alcohol consumption question-
naires and interviews to define a level of “problem drinking”
and then examined the diagnostic accuracy of screening



questionnaires to separate problem drinkers from nonprob-
lem drinkers.”'*2! However, in the following section, it will
be seen that the sensitivities of screening questionnaires
decrease as the definition of problem drinking is changed to
include a greater proportion of at-risk drinkers.

It is clear that excessive alcohol consumption may be detri-
mental to medical and social health. The dangers associated
with alcohol consumption represent a continuum of risk that
makes it difficult to define “safe levels” of alcohol consump-
tion. Some authors contend that ingestion of 4 or more
drinks per day in men and 2 or more drinks per day in
women constitute a “hazardous” consumption level that
increases the risk of alcohol dependence and medical prob-
lems.*?2% A “drink” is defined as equivalent volume amounts
that have an ethanol content of 0.6 oz. Twelve ounces of beer,
5 oz of wine, and 1.5 oz of liquor all contain 0.6 oz of etha-
nol. However, safe levels of consumption vary considerably,
depending on the clinical or social context of drinking. One
and one-half drinks per day may constitute at-risk drinking
for pregnant women and represent a health threat to the
developing child.!s

The World Health Organization (WHO) has developed a
questionnaire, the Alcohol Use Disorders Identification Test
(AUDIT), to identify persons with “hazardous” and “harm-
ful” alcohol consumption who may not be captured by DSM-
III-R or ICD-10 diagnostic criteria.®> WHO recognizes the
following disorders of alcohol use: “Hazardous drinking” is
use that increases the risk of subsequent psychological or
medical harm and is judged to be 4 or more drinks per day in
men and 2 or more drinks per day in women. “Harmful
drinking” occurs in the person who has psychological or
medical complications as defined in ICD-10. The WHO clas-
sification system attempts to identify persons who drink
quantities that will increase their risk of subsequent prob-
lems. This modification is driven by concerns about the cost
and effectiveness of treating alcohol dependence.” A review
of alcohol treatment programs and their effectiveness is
beyond the scope of this article, but there is a substantial
body of evidence that brief, ambulatory interventions tar-
geted to persons with hazardous drinking can decrease levels
of consumption and, it is hoped, decrease the likelihood of
subsequent harm and dependence.”® However, diagnosis
must precede treatment. It is the diagnosis of alcohol disor-
ders in the context of the medical history that is the subject of
the remainder of this article.

DIAGNOSTIC TESTS OF ALCOHOL
ABUSE AND DEPENDENCY

Several questionnaires have been developed for the detection
of alcohol disorders, including the cut down, annoyed by
criticism, guilty about drinking, eye-opener drinks (CAGE)
questionnaire, the Michigan Alcoholism Screening Test
(MAST), and the AUDIT. The most widely used are the
CAGE questionnaire and the MAST. Of these, the MAST has
been more thoroughly studied in terms of reliability and
accuracy. However, the MAST and its shortened versions are

CHAPTER 4 Problem Alcohol Drinking

more complicated than the CAGE questionnaire. The CAGE
questionnaire is short, easily memorized, and reasonably
accurate, making it the screening test of choice for busy
house officers and practitioners.

CAGE Questionnaire

In 1968, Ewing” developed the CAGE questionnaire for the
detection of alcoholism. CAGE is mnemonic for these 4
questions: (1) Have you ever felt you ought to cut down on
your drinking? (2) Have people annoyed you by criticizing
your drinking? (3) Have you ever felt bad or guilty about
your drinking? (4) Have you ever had a drink first thing in
the morning to steady your nerves or get rid of a hangover
(eye opener)?

Some investigators have reasoned that alcohol abusers are
more likely to give accurate responses to the CAGE questions
if they are part of a series of questions on lifestyle that
include drinking, smoking, diet, and exercise habits.”?® The
rationale behind this approach is that it may be less likely to
trigger defensiveness and denial in people who are alcohol
dependent. Other studies do not attempt to disguise the
CAGE questionnaire. No studies that examine differences
between CAGE interviews and written CAGE questionnaires
were identified. There are no comparative studies of reliabil-
ity or accuracy for the different modes of administering the
CAGE questions. It seems reasonable to ask these questions
in a frank, nonjudgmental manner as part of the medical his-
tory or review of symptoms.

MAST

The MAST was originally reported on by Selzer® in 1971.
The MAST consists of 24 yes/no questions, with the “alcohol
dependent” responses being scored as 1, 2, or 5 points. The
MAST questions are listed in Table 4-2. The most common
scoring for the MAST has 0 to 3 points as “non—alcohol
dependent,” 4 or 5 as “probably alcohol dependent,” and
greater than 5 as “definitely alcohol dependent.”

Two modified, shortened versions of the MAST have been
developed to make it a less time-consuming screening instru-
ment for alcohol dependence. A 10-question version, the
Brief MAST (BMAST), and a 13-question version, the Short
MAST (SMAST), are available.?!

AUDIT

WHO sponsored a collaborative project to develop a screen-
ing test that would be able to detect persons with hazardous
levels of consumption and those with harmful use and
dependence. The AUDIT questions are listed in Table 4-3.
Answers are scored from 0 to 4, for a maximum score of 40
points, with scores of 8 or more considered diagnostic of an
alcohol use disorder.?*

Biochemical and Hematologic Tests

Increases in liver enzyme concentrations (aspartate amino-
transferase, alanine aminotransferase, and y-glutamyltrans-




CHAPTER 4 The Rational Clinical Examination

Table 4-2 Michigan Alcoholism Screening Test (MAST)?

Points Question
2 1. Do you feel you are a normal drinker?2
2 2. Have you ever awakened the morning after some drinking the

night before and found that you could not remember a part of the
evening before?

3. Does your spouse or parents ever worry or complain about your
drinking??
4. Can you stop drinking without a struggle after 1 or 2 drinks?
5. Do you ever feel bad about your drinking??
6. Do friends or relatives think you are a normal drinker?
7. Are you always able to stop drinking when you want to?
8. Have you ever attended a meeting of Alcoholics Anonymous??
9. Have you gotten into fights when drinking?
10. Has drinking ever created problems with you and your spouse??

11. Has your spouse or other family member ever gone to anyone for
help about your drinking?

2 12. Have you ever lost friends or girlfriends/boyfriends because of
your drinking?

13. Have you ever gotten into trouble at work because of drinking??
14. Have you ever lost a job because of drinking?

15. Have you ever neglected your obligations, your family, or your
work for 2 or more days in a row because you were drinking??

1 16. Do you ever drink before noon?
17. Have you ever been told you have liver trouble? Cirrhosis?

18. Have you ever had delirium tremens (DTs), severe shaking, heard
voices, or seen things that weren't there after heavy drinking?

—

NN = O NN =N

5 19. Have you ever gone to anyone for help about your drinking??
20. Have you ever been in a hospital because of your drinking??
2 21. Have you ever been a patient in a psychiatric hospital or on a

psychiatric ward of a general hospital when drinking was part of
the problem?
2 22. Have you ever been treated at a psychiatric or mental health

clinic or gone to a doctor, social worker, or clergyman for help
with an emotional problem in which drinking had played a part?

2 23. Have you ever been arrested, even for a few hours, because of
drunk behavior??

2 24. Have you ever been arrested for drunk driving or driving after
drinking?2

ancluded in the short version of the MAST.

ferase) and mean corpuscular volume have been investigated
as biological markers of alcohol abuse. All of these tests are
insensitive in detecting alcohol abusers. None of these tests,
alone or in combination, perform as well as the MAST or the
CAGE questionnaire in detecting alcohol abuse. %2233

RELIABILITY OF THE MAST, CAGE,
AND AUDIT QUESTIONNAIRES

Gibbs® reviewed the internal consistency (o) reliability coef-
ficient of the MAST reported in 6 studies and found it to vary
from .83 to .93. The o values in 6 studies of the SMAST or
BMAST ranged from .75 to .81. Skinner and Sheu* reported
the test-retest reliability of the MAST at .84. Reliability coeffi-

cients of 1.0 represent perfect test precision (perfect interob-
server or intraobserver precision), and values close to 1.0 are
highly precise. No reports measuring the reliability of the
CAGE and AUDIT questionnaires were identified.

ACCURACY OF THE MAST, CAGE,
AND AUDIT QUESTIONNAIRES

Determining the test accuracy of all questionnaires for alco-
hol use disorders presents some methodologic problems. The
questions in the CAGE, MAST, and AUDIT questionnaires
are embodied within the commonly used reference stan-
dards, DSM-III-R and ICD-10, which may result in inflated
estimates of test accuracy. The advantage of the CAGE and
AUDIT questionnaires over the much longer questionnaires
is their brevity, which would allow them to be used as a
screening or case-finding tool by busy clinicians.

The diagnostic accuracy of the MAST and its shorter ver-
sions has been reported, with sensitivities of 71% to 100%
and specificities of 81% to 96%.51*% The MAST can be criti-
cized as a screening tool because of its length; it requires
about 20 minutes to administer, making it less likely to be
used by a busy clinician.

In most studies of the diagnostic accuracy of the CAGE
questionnaire, a positive test result has been defined as 2 or
more affirmative answers to the questions. The CAGE ques-
tionnaire has been validated in several environments, includ-
ing psychiatric inpatients, medical and orthopedic inpatients,
and ambulatory medical patients in the United States and
Great Britain.®”!$228 Table 4-4 lists studies in which the diag-
nostic accuracy of the CAGE questionnaire has been reported
and in which the authors specify the “diagnostic standard”
used to define the patient’s alcohol status. In all these studies,
changing the criterion of a positive CAGE test result from a
score of 2 to 1 results in greater test sensitivity but lower speci-
ficity. In other words, the test will identify more problem
drinkers, but it will also misclassify more nonproblem patients
as problem drinkers. Note that as the definition of problem
drinking is lowered, for example, from 16 to 8 drinks per day
or from 2 drinks to 1 drink per day in pregnant women, the
sensitivity of the test decreases and the specificity increases for
the same CAGE threshold.

The CAGE questionnaire is reasonably accurate at identify-
ing those individuals who are alcohol dependent or heavy
drinkers (>8 drinks/d). However, it is not at all sensitive at
detecting the lower levels of consumption that may be danger-
ous, especially in pregnant women. It has not been tested as a
tool to detect hazardous or at-risk drinking on the order of 4
drinks per day. It will be less sensitive in that situation. There is
no difference in the diagnostic accuracy of the CAGE ques-
tionnaire when used in men or women, and it is equally effec-
tive in elderly people.*® However, there is a marked difference
in the prevalence of alcohol disease in men and women. The
prevalence of alcohol dependence in women is about one-
third that in men. The predictive values for CAGE responses
reflect the lower prevalence figures for women, with lower pos-
itive predictive values and higher negative predictive values.**
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The AUDIT is a newly developed tool, and only 1 validation ity is 94%.% However, as noted above, there are methodologic
study was identified. When a positive test result is considered ~ reasons to believe that these estimates are inflated and may not
to be a score of 8 or more points, the sensitivity of the AUDIT  be reliably testable. The 10 AUDIT questions were culled from
in detecting hazardous or harmful use is 92% and the specific-  a 150-item assessment of alcohol use. The AUDIT has not been

Table 4-3 Alcohol Use Disorders Identification Test (AUDIT) Questions?:2

1. How Often Do You Have a Drink Containing Alcohol?

Never Monthly or less 2 to 4 times a month 2 or 3 times a week 4 or more times a week
2. How Many Drinks Containing Alcohol Do You Have on a Typical Day When You Are Drinking?

1lor?2 3or4d 50r6 7109 10 or more

3. How Often Do You Have 6 or More Drinks on 1 Occasion?

Never Less than monthly Monthly Weekly Daily or almost daily
4. How Often During the Last Year Have You Found That You Were Not Able to Stop Drinking Once You Had Started?

Never Less than monthly Monthly Weekly Daily or almost daily
5. How Often During the Last Year Have You Failed to Do What Was Expected From You Because of Drinking?

Never Less than monthly Monthly Weekly Daily or almost daily
6. How Often During the Last Year Have You Needed a First Drink in the Morning to Get Yourself Going After a Heavy Drinking Session?

Never Less than monthly Monthly Weekly Daily or almost daily
7. How Often in the Last Year Have You Had a Feeling of Guilt or Remorse After Drinking?

Never Less than monthly Monthly Weekly Daily or almost daily
8. How Often During the Last Year Have Been Unable to Remember What Happened the Night Before Because You Had Been Drinking?

Never Less than monthly Monthly Weekly Daily or almost daily
9. Have You or Someone Else Been Injured as a Result of Your Drinking?

No Yes, but not in the last year Yes, during the last year

10. Has a Relative or Friend or a Doctor or Other Health Worker Been Concerned About Your Drinking or Suggested You Cut Down?

No Yes, but not in the last year Yes, during the last year

Table 4-4 Diagnostic Standards and Diagnostic Accuracy for the CAGE Questionnaire

Patients .
Positive Prevalence of
Source, y Type No. Diagnostic Standard CAGE Result  Sensitivity, % Specificity, % Alcohol Disease, %
Bernadt et al,’® 1982  Psychiatric inpa- 385 Ethyl alcohol intake interview plus >? 97 76 17
tients > 16 drinks/d or medical record
review diagnosis of alcoholism
Buchshaum et al,® Ambulatory medi- 821  DSM-/iI-R with SCID >2 73 91 36
1991 cal patients >1 89 81
Bush et al,” 1987 Medical and ortho- 521 DSM-/ll with MAST, NIAAA intake >? 75 96 2
pedic inpatients questionnaire >1 85 89
King,? 1986 Ambulatory gen- 407  Ethyl alcohol intake interview plus >? 82 95 4
eral patients > 8 drinks/d >1 0 84
Mayfield et al,?® 1974  Veterans Affairs 366  Multidisciplinary team diagnosis >? 81 89 39
hospital inpatients >1 90 70
Sokol et al,’® 1989 Prenatal clinic 971  Periconceptual ethyl alcohol >? 38 92 4
intake interview plus > 2 drinks/d >1 59 80
Waterson and Prenatal clinic 893  Periconceptual ethyl alcohol >? 33 95 2
Murray-Lyon,? 1989 intake interview plus > 2 (top row) > 20 % 20

vs > 1 (bottom row) drink/d

Abbreviations: CAGE, cut down, annoyed, guilty, eye opener; DSM-IIl, Diagnostic and Statistical Manual of Mental Disorders, Third Edition; DSM-II-R, Diagnostic and Statistical
Manual of Mental Disorders, Revised Third Edition; MAST, Michigan Alcoholism Screening Test; NIAAA, National Institute on Alcohol Abuse and Alcoholism; SCID, Structured Clin-
ical Interview for DSM-/II-R.
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tested as a discrete group of questions against an accepted
diagnostic standard. As with the other questionnaires for alco-
hol disorders, items in the AUDIT are represented in the com-
monly used reference standards, DSM-III-R and ICD-10. This
likely inflates the estimates of reliability coefficients and test
accuracy. The AUDIT attempts to identify drinkers whose con-
sumption places them at risk of harmful or dependent alcohol
use before dependence has occurred. Three AUDIT questions
relate to amounts and frequency of consumption. There is no
reliable way to test the accuracy of patient responses concern-
ing consumption. If heavy drinkers are defensive about their
drinking and tend to underreport consumption, the AUDIT
estimate of hazardous drinking may be conservative.

PREDICTIVE ACCURACY OF THE CAGE QUESTIONNAIRE

There are 2 ways for clinicians to calculate predictive value or
posterior probability of disease.***! The first approach uses
test sensitivity, specificity, and estimates of disease prevalence
in Bayes theorem. The second approach multiplies the LR by
the pretest odds of disease to obtain the posttest odds of dis-
ease. The 2 methods are equivalent when the diagnostic test

Table 4-5 Likelihood Ratios of CAGE Questions for the Diagnosis of
Alcohol Abuse and Alcohol Dependence

Buchsbaumet  Bushetal/  Mayfield etal,?
al,’ 1991 1987 1974
Prevalence of 0.36 0.20 0.39
alcohol disease
LR by CAGE
score
0 0.14 0.18 0.13
1 15 1.4 0.90
2 4.5 6.8 1.6
3 13 158 15
4 101 oo oo

Abbreviations: CAGE, cut down, annoyed, guilty, eye opener; LR, likelihood ratio.

Table 4-6 Posterior Probability of Alcohol Abuse or Alcohol
Dependence Calculated With Likelihood Ratios?

Posterior Probability

Prevalence of Prevalence of
Alcohol Disease  Alcohol Disease

CAGE Score LR of 10% of 36%
0 0.14 .02 .07
1 1.5 14 .46
2 4.5 .33 72
3 13 59 .88
4 101 .92 .98

Abbreviations: CAGE, cut down, annoyed, guilty, eye opener; LR, likelihood ratio.
?LRs are based on data from Buchsbaum et al.®

used gives dichotomous results. However, if the test results
are not dichotomous, and most are not, these 2 methods may
give surprisingly different results. The insistence that a given
cut point be assigned to continuous data or multiple categor-
ical levels can result in a loss of diagnostic power and even
erroneous diagnostic conclusions.

In the introductory article to this series, Sackett* intro-
duced the concept of LRs for diagnostic tests with multiple
levels of response. If you are not familiar with LRs, I encour-
age you to review that article. If one wishes to avoid some of
the pitfalls that may occur when interpreting the results of
questionnaires, it is important to be able to interpret the
results with LRs. Table 4-5 lists 3 studies of the CAGE ques-
tionnaire in which LRs can be calculated.®”? These studies
have low LRs for CAGE scores of 0 (0.13-0.18), high LRs for
CAGE scores of 3 (13-158), and very high LRs for CAGE
scores of 4 (101 to infinity).

Table 4-6 shows the posterior probability of alcohol abuse
or dependence for each CAGE score according to the Buchs-
baum et al® data and prevalences of 10% and 36%. Alcohol
abuse or dependence is unlikely in persons with a score of 0.
With a score of 3, the diagnosis is likely, and a score of 4 is
virtually diagnostic of alcohol abuse or dependence in the
higher-prevalence group. However, more caution needs to be
exercised when interpreting CAGE scores of 1 or 2. The like-
lihood of alcohol abuse or dependence is increased in per-
sons with scores of 2, but one might want to administer other
confirmatory tests before the patient is given a diagnosis. A
score of 1 has an LR of 1.5, and the posttest probability of
disease is only marginally higher than the pretest probability
of disease.

PROBLEMS IN THE IDENTIFICATION OF
AT-RISK DRINKING IN PREGNANT WOMEN

Pregnant women who drink 2 or more drinks per day may
expose the fetus to an increased risk of developmental delay,
growth retardation, cardiac defects, and craniofacial abnor-
malities.'®?* Women drinking enough to expose the fetus to a
teratogenic risk may underreport their consumption. This is
most pronounced among those women with high MAST
scores who are drinking heavily.## It has also been shown
that the BMAST and CAGE questionnaires are insensitive
instruments for identifying pregnant drinkers who consume
2 or more drinks per day.'?! Sokol et al'® modified the CAGE
questionnaire by substituting for the question on “guilt” to
one on alcohol tolerance: “How many drinks does it take to
make you high?” The patient was considered tolerant if it
took more than 2 drinks to make her feel high. The authors
claim that this question is not likely to generate defensiveness
and denial. This modified questionnaire, T-ACE (folerance,
annoyed, cut down, eye opener), was administered to 1065
women attending an inner-city obstetric clinic. The preva-
lence of at-risk drinking in this study was judged to be 4.3%.
The T-ACE questionnaire was found to be more sensitive
than the CAGE questionnaire (76% vs 59%) and equivalent
to the MAST in identifying pregnant women drinking more



than 2 drinks per day when the cut point for a positive test
result was a score of 1 or higher. Unfortunately, 40% of the
women judged to be at-risk drinkers scored 0 on the CAGE
questionnaire. Although the T-ACE questionnaire was more
sensitive, 25% of at-risk drinkers had a score of 0. In this
setting, the specificities of the T-ACE, CAGE, and MAST
questionnaires were similar (76%-82%) and the positive pre-
dictive values were 13% to 14%.

Given the low sensitivity of these tests, a significant por-
tion of pregnant drinkers will go undetected. The low preva-
lence of at-risk drinking in this population and the moderate
specificity of these tests result in low positive predictive val-
ues. Consequently, these questionnaires cannot be expected
to reliably identify problem pregnant drinkers.

THE BOTTOM LINE

In summary, the CAGE questionnaire can be a useful tool in
the diagnosis of DSM-III-R—defined alcohol abuse and
dependence and very heavy drinking (>8 drinks/d). A CAGE
score of 0 has a good negative predictive value at a lower
prevalence of disease. Scores of 3 or 4 strongly support the
diagnosis of alcohol abuse. However, scores of 1 or 2 must be
interpreted with caution, and one should use the LR
approach to accurately interpret these intermediate scores.
The CAGE questionnaire has not been tested as a tool for
identifying persons who may be engaged in hazardous drink-
ing of lesser amounts of alcohol; for example, 4 drinks per
day. It is likely that the test will be insensitive in detecting
these individuals. The AUDIT was recently developed to
identify these hazardous drinkers. It has not been thoroughly
tested, but the initial report suggests that it is reasonably
accurate. Because 7 of the AUDIT questions are almost iden-
tical to questions in the MAST or CAGE, it should be good at
identifying alcohol abuse and alcohol dependence. The other
3 AUDIT questions relate to consumption and constitute an
attempt to identify hazardous drinkers. It may not be possi-
ble to determine the accuracy of these questions in the
absence of a reliable, socially acceptable diagnostic standard
for consumption. However, if heavy drinkers are defensive
about their levels of consumption, the AUDIT may underes-
timate levels of consumption. The CAGE questionnaire is
short and can be easily memorized. It has been field tested
and shown to be a useful tool. The busy clinician could use
the CAGE questionnaire to find unrecognized patients who
are abusing or dependent on alcohol. The first 3 questions of
the AUDIT are also easily memorized and can provide an
estimate of the patient’s typical alcohol consumption. The
busy clinician could use these questions as a form of targeted
preventive medicine. Men drinking more than 4 drinks per
day and women drinking more than 2 drinks per day should
be counseled about the risks of drinking.

Identifying pregnant women engaged in at-risk drinking is
problematic. The prevalence of at-risk drinking among preg-
nant women is low, and the screening questionnaires to identify
problem drinkers have relatively low sensitivities. Because none
of these instruments is sufficiently reliable to use for case finding

CHAPTER 4 Problem Alcohol Drinking

in pregnant women, all pregnant women should be counseled
about the risks of drinking while pregnant. Abstinence from
alcohol would be the safest option, but women who choose to
drink while pregnant should be strongly advised to avoid binge
drinking and to drink fewer than 2 drinks per day.
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UPDATE:

CLINICAL SCENARIO

A 35-year-old woman requests an appointment for a
gynecologic examination. Your nursing staff gives her the
usual paperwork and self-administered questionnaires
while she waits in the examination room. She fills them all
out and gives a response of no to each question. What
questions did your patient answer? Do you know how to
evaluate her questionnaire? Could she be a problem
drinker?

UPDATED SUMMARY ON SCREENING
FOR ALCOHOL PROBLEMS

Original Review

Kitchens JM. Does this patient have an alcohol problem?
JAMA. 1994;272(22):1782-1787.

UPDATED LITERATURE SEARCH

The perceived shortcomings of questionnaires for alcohol use
disorders, coupled with the high prevalence of problems,
prompted a worldwide effort to improve detection of alcohol
use disorders. The US Preventive Services Task Force updated
their recommendations (2004) according to new evidence
concerning the effectiveness of screening and brief treatment
interventions. Our literature search, conducted between 1993
and July 25, 2004, combined the search terms “alcoholism/di”
and “alcohol drinking/cl, pc, ep” and the textwords “problem
drinking” with “screening.” The search was limited to “sys-
tematic reviews,” and we used the Ovid MEDLINE database,
along with the evidence-based medicine databases, to yield
19 English-language articles. We retained articles that were
systematic (as opposed to nonsystematic reviews) and that
focused on primary care (eg, rather than population-based
samples, emergency or psychiatric care). This resulted in 4
articles that we obtained for review. We kept 1 article that had
emergency department data to better assess the issues of
screening women as opposed to men. We concentrated on

Problem Alcohol Drinking
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the shorter-form questionnaires that would be more applica-
ble for primary care (see Appendix Tables 4-12, 4-14, 4-15,
and 4-16 for the forms AUDIT, CAGE, T-ACE, and TWEAK,
respectively). We also retrieved a recent systematic review
that was published by the Agency for Health Care Policy and
Research as part of an update to the Guide to Clinical Preven-
tive Services, Third Edition, Periodic Updates (see http://
www.ahrq.gov/clinic/uspstf/uspsdrin.htm [accessed May 17,
2008] for the article that first appeared in Whitlock EP, Polen
MR, Green CA, Orleans CT, Klein J. Behavioral counseling
interventions in primary care to reduce risky/harmful alcohol
use by adults: a summary of the evidence for the US Preven-
tive Services Task Force. Ann Intern Med. 2004;140(7):558-
569). When necessary, we retrieved references from the sys-
tematic reviews to verify likelihood ratios (LRs) for reported
instruments. After reviewing the retrieved studies and their
reference lists, we repeated a literature search using the text-
words CAGE, AUDIT, TWEAK, and T-ACE to make sure that
we missed no original primary care studies that would have
met inclusion criteria.

NEW FINDINGS

It is now abundantly clear that choosing to screen for prob-
lem drinking by using any standard approach is overwhelm-
ingly more important than deciding on the screening form!
However, once clinicians commit to screening for alcohol
problems, there are advantages and disadvantages to the
current questionnaires that require understanding (1) what
disorder you are screening for and (2) your patient popula-
tion. Problem drinking is drinking behavior that has not
reached the level of abuse or dependence. Studies use vari-
ous descriptors for problem drinking, including the terms
hazardous, at risk, or harmful drinking.

The past decade has seen the continued validation of the
AUDIT questionnaire, the recognition that screening for
alcohol abuse differs from screening for hazardous or prob-
lem drinking, and the need for different approaches to
screening according to the patient population. Screening
women and, possibly, older patients requires different
approaches than screening adult men.
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DETAILS OF THE UPDATE

IMPROVEMENTS IN THE DATA PRESENTED
IN THE ORIGINAL PUBLICATION

The results have not changed, but newer information allows
revised estimates of the sensitivity, specificity, and LRs of
screening tests for alcohol problems (Table 4-7).

CHANGES IN THE REFERENCE STANDARD

The reference standard for alcohol abuse and dependence
remains the guidelines in the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition.! It is now important for
clinicians to understand what constitutes a “drink” and the
newer categories of patients’ drinking problems that have not
reached the level of abuse or dependence. The definition of a
drink changes across cultures, restaurants, and homes. A stan-

dard drink in Great Britain contains about 8 g of alcohol, as
opposed to the standard of 19.75 g in Japan.? The US Depart-
ment of Health and Human Services and the US Department
of Agriculture define a standard drink in alcohol and volume
content that approximates 12 fl oz of regular beer, 5 fl 0z of
wine, or 1.5 fl oz of 80-proof distilled spirits.2*”

The National Institute on Alcohol Abuse and Alcoholism
defines moderate drinking according to the frequency of
drinking. Moderate male drinkers ingest 14 or fewer drinks/
wk; moderate women drinkers, 7 or fewer drinks/wk; and
adults older than 65 years, 7 or fewer drinks/wk. Men
younger than 65 years would be considered “at risk” drinkers
when they drink more than 14 drinks/wk or more than 4
drinks per occasion. Women have drinking problems at lower
thresholds: more than 7 drinks/wk or more than 3 drinks per
occasion defines “at risk” drinking among women. The World
Health Organization uses slightly different descriptors that
rely on the consequences of drinking rather than the amount
and frequency: “hazardous” drinkers are those who are at risk

Table 4-7 Alcohol Problem Screening Results by Test and Population Profile

Screening? Test

(n = Number of Studies) Sensitivity (95% Cl) Specificity (95% Cl) LR+ (95% CI) LR- (95% Cl)
At Risk, Harmful, or Hazardous Drinking

Adults

AUDIT-C=8 (n=1) 0.40 0.97 12 (5.0-30) 0.62 (0.52-0.74)

AUDIT>8 (n=2) 0.57-0.59 0.91-0.96 6.8 (4.7-10) 0.46 (0.38-0.55)

CAGE >2 0.14 0.97 4.7 (3.7-6.0) 0.89 (0.86-0.91)

(n=1; all patients > 60 y)

CAGE>2 (n=2) 0.49-0.69 0.75-0.95 3.4 (1.2-10) 0.66 (0.54-0.81)

Pregnant Women®

TWEAK>3 (n=2) 0.67 (0.61-0.73) 0.92 (0.91-0.993) 8.4 0.36

TWEAK>2 (n=2) 0.91 (0.87-0.94) 0.77 (0.76-0.798) 4.0 0.12

T-ACE>1(n=73) 0.89 (0.81-0.94) 0.75 (0.70-0.79) 3.6 0.15

CAGE>2 (n=3) 0.48 (0.44-0.53) 0.93 (0.92-0.93) 6.9 0.56

CAGE>1 (n=3) 0.66 (0.62-0.70) 0.81(0.81-0.82) 85 0.42

Alcohol Abuse or Dependence

Adults

CAGE =2 (n=10) 6.9 (4.2-11) 0.33 (0.25-0.43)

CAGE =1 (n=10) 3.4(2.3t05.1) 0.33(0.25-0.43)

AUDIT>8 (n=2) 0.66-0.71 0.85-0.86 4.6 (3.5-6.1) 0.37 (0.28-0.49)

Women

CAGE>2 (n=2) 0.58 (0.32-0.80) 0.93 (0.90-0.95) 8.3 0.45

CAGE>1(n=1) 0.89 (0.82-0.93) 0.83(0.79-0.86) 52 0.13

>60y

CAGE>2 (n=3) 0.13-0.82 0.82-0.99 5.2 (3.0-9.0) 0.37 (0.29-0.47)

CAGE>1(n=2) 0.79-0.98 0.56-0.88 2.6 (1.5-4.5) 0.24 (0.15-0.40)

AUDIT>8 (n=1) 0.33 0.91 3.6 (1.6-8.0) 0.75 (0.58-0.90)

Abbreviations: AUDIT, Alcohol Use Disorders Identification Test; AUDIT-C, AUDIT Consumption Questions; CAGE, cut down, annoyed, guilty, eye opener; Cl, confidence interval;
LR+, positive likelihood ratio; LR—, negative likelihood ratio; T-ACE, tolerance, annoyed, cut down, eye opener; TWEAK, folerance, worry, eye opener, amnesia, cut (kut) down.
aThe screening questionnaire should be assessed based on the patient population, the threshold that describes positivity, and whether you are screening for “at risk” drinking or

dependence.
*Likelihood ratio estimated from summary sensitivity and specificity measures.



of the adverse consequences of alcohol, whereas “harmful
drinking” causes physical or psychological harm that does not
yet meet the criteria for abuse.>**”*)

About 4.6% of US adults abuse alcohol, with men (6.9%)
having about 3 times the rate compared to women (2.6%).*
An additional 3.8% display alcohol dependence (5.4% of
men vs 2.3% of women).

RESULTS OF LITERATURE REVIEW

EVIDENCE FROM GUIDELINES
Canadian Task Force on Preventive Health Care

The Canadian Task Force has not updated their recommen-
dations since 1994, at a time when the CAGE and the MAST
had the best available data. Screening was recommended,
although the limitations of these instruments in detecting
hazardous drinking were recognized.

Web Resources for Alcohol Screening

A patient-administered screen: http://www.alcoholscreening.
org/ (accessed May 17, 2008). For clinicians: http://pubs.niaaa.
nih.gov/publications/Practitioner/pocketguide/pocket_guide.
htm (accessed May 17, 2008).

CLINICAL SCENARIO—RESOLUTION

Fortunately, your clinical practice is routinely screen-
ing for alcohol problems. However, it is important to
know exactly how your patients are being screened. If
your clinic is using the CAGE questionnaire, you may
detect most patients with alcohol dependence, but you
will likely fail to recognize patients who are problem
drinkers. This is especially true for women because the
sensitivity for all questionnaires is less compared with
that for men. In addition to knowing which question-
naire your clinic nurses are using, you need to know
how to score the results. Accepting a lower score as
“positive” will improve the sensitivity so that you will
not miss as many patients with alcohol problems.
Because the prevalence of alcohol problems is so high,
it is important not to miss these patients.

Assuming your patient drinks some alcohol, the nega-
tive LR for alcohol abuse or dependence is 0.18 for adults
with at least 1 question positive in the CAGE. The sensi-
tivity is better for the AUDIT, but primary care clinics
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might not use the AUDIT because it contains more ques-
tions. If you want to detect potentially harmful or hazard-
ous drinking, it would be good to ask the “Tolerance”
question from the TWEAK (eg, “How many drinks does it
take before you begin to feel the first effects of the alco-
hol?”). If the patient answers “at least 3,” then you need to
assess more fully for problem drinking.

From a practice management standpoint, you and your
clinic nurses should review your patient population
(Table 4-8). If your clinic patients are mostly women, the
best current screening forms are the TWEAK or the T-
ACE. No data support the existence of 1 ideal question-
naire applicable to all patients, although making no
choice of a screening instrument guarantees missed
opportunities for intervention. If you are using the CAGE
questions, you may choose to switch to the AUDIT (which
will detect problem drinking, abuse, and dependence). If
the AUDIT is too long for your patients, then you could
select the CAGE, TWEAK, or T-ACE and use a low
threshold for pursuing follow-up questions. Two alternate
approaches combine the best features of the AUDIT
(which detects hazardous drinking but is long) with the
CAGE (which detects abuse and dependence and is short
but does not detect problem drinking). The resulting
AUDIT-C is a shorter questionnaire than the AUDIT (see
Appendix Table 4-13) and, in one study, appears to have
the same measurement characteristics as the full AUDIT.

Table 4-8 US Preventive Health Services Task Force Recommendations
for Tests in Different Populations

Population AUDIT CAGE TWEAK or T-ACE
Risky or Harmful Drinking

Adults Yes No No
>65y Uncertain No No
Pregnant No No Yes
women

Alcohol Abuse or Dependence

Adults Yes Yes Yes
>65y Uncertain Uncertain Uncertain
Pregnant No No Yes
women

Abbreviations: AUDIT, Alcohol Use Disorders Identification Test; CAGE, cut down,
annoyed, guilty, eye opener; T-ACE, tolerance, annoyed, cut down, eye opener;
TWEAK, tolerance, worry, eye opener, amnesia, cut (kut) down.
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SCREENING FOR ALCOHOL PROBLEMS—MAKE THE DIAGNOSIS

PRIOR PROBABILITY

Data from the National Institute on Alcohol Abuse and
Alcoholism suggest that 3 of 10 adults engage in risky
drinking behaviors. In primary care clinics, the prevalence
will be around 11% to 18%.

POPULATIONS FOR WHOM PROBLEM
DRINKING SHOULD BE ASSESSED

 All adults (see Tables 4-9 and 4-10)
+ Targeted populations/conditions requiring assessment

include pregnant women (see Table 4-11), adolescents,
and emergency patients

Table 4-9 Detecting the Likelihood of At-risk, Harmful, or

Table 4-10 Detecting the Likelihood of Alcohol Abuse
or Dependence in Adults?

LR (95% Cl)
CAGE > 1 3.4 (2.3-5.1)
CAGE=0 0.18 (0.11-0.29)

Abbreviations: CAGE, cut down, annoyed, guilty, eye opener; Cl, confidence inter-
val; LR, likelihood ratio.

“Women have a lower sensitivity than men do but have a higher specificity. A cut
point of > 1 optimizes the sensitivity and, therefore, the negative LR.

Table 4-11 Detecting the Likelihood of 2 or More Drinks/Day
During Pregnancy?

Abbreviations: AUDIT, Alcohol Use Disorders Identification Test; AUDIT-C, AUDIT
Consumption Questions; LR, likelihood ratio.

Hazardous Drinking in Adults LR Range
LR Range TWEAK > 2 or T-ACE > 1 3.6-4.0
AUDIT or AUDIT-C > 8 6.8-12 TWEAK <1 orT-ACE=0 0.12-0.15
AUDIT or AUDIT-C< 8 0.46-0.62 Abbreviations: LR, likelihood ratio; T-ACE, tolerance, annoyed, cut down, eye

Manual of Mental Disorders, Fourth Edition,? interview per-

opener; TWEAK, tolerance, worry, eye opener, amnesia, cut (kut) down.
“Rs are estimated from studies that have incorporation bias where the interviewer
knew the results of the screening questionnaires.

REFERENCE STANDARD TESTS

Diagnostic interview schedule for Diagnostic and Statistical

formed by an experienced provider in an alcohol-related
interview.

REFERENCES FOR THE UPDATE

1. American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV). 4th ed. Washington, DC: American Psychi-
atric Association; 2000.

2. Dufour MC. What is moderate drinking? Alcohol Res Health. 1999;23
(1):5-14.

3. Fiellen DA, Reid MC, O'Connor PG. Screening for alcohol problems in
primary care. Arch Intern Med. 2000;160(13):1977-1989.

4. Grant BE, Dawson DA, Stinson FS, Chou SP, Dufour MC, Pickering RP.
The 12-month prevalence and trends in DSM-IV alcohol abuse and
dependence: United States, 1991-1992 and 2001-2002. Drug Alcohol
Depend. 2004;74(3):223-234.

5. Haggerty JL. Early detection and counseling of problem drinking. In:
Canadian Task Force on the Periodic Health Examination. Canadian Guide
to Clinical Preventive Health Care. Ottawa, Ontario, Canada: Health Can-
ada; 1994:488-498. http://www.ctfphc.org/sections/section06ch042.htm.
Accessed May 17, 2008.

6. Bradley KA, Boyd-Wickizer J, Powell SH, Burman ML. Alcohol screen-
ing questionnaires in women. JAMA. 1998;280(2):166-171.?

7. Whitlock EP, Polen MR, Green CA, Orleans CT, Lein JT. Behavioral
Counseling Interventions in Primary Care to Reduce Risky/Harmful Alco-
hol Use. Rockville, MD: Agency for Healthcare Research and Quality;
2004. Systematic Evidence Review No. 30. Electronic copies available at
http://www.ahrq.gov/clinic/3rduspstf/alcohol/alcomissum.pdf (accessed
May 17, 2008).

“For the Evidence to Support the Update for this topic,
see http://www.JAMAevidence.com.


http://www.ctfphc.org/sections/section06ch042.htm
http://www.ahrq.gov/clinic/3rduspstf/alcohol/alcomissum.pdf
http://www.JAMAevidence.com

CHAPTER 4 Problem Alcohol Drinking

APPENDIX—ALCOHOL SCREENING INSTRUMENTS&7 Agency for Healthcare Research and Quality; 2004. System-

. atic Evidence Review No. 30. Electronic copies available at
Adapte'd fizora Whl,ﬂOCk EP, Pol'en MR, Gree'n CA’ Or'leans http://www.ahrq.gov/clinic/3rduspstf/alcohol/alcomissum.pdf
CT, Lein JT. Behavioral Counseling Interventions in Primary

d, May 17, 2008).
Care to Reduce Risky/Harmful Alcohol Use. Rockville, MD: (accessed, May )

Table 4-12 AUDIT

Circle the number that comes closest to your alcohol use in the PAST YEAR.

1. How often do you have a drink containing alcohol?

(0) Never (1) Monthly or less (2) 2 to 4 times a month (3) 2 or 3 times a week (4) 4 or more times a week
2. How many drinks containing alcohol do you have on a typical day when you are drinking?

O 1or2 (1)3ord (2 50r6 37t 9 (4) 10 or more

3. How often do you have 6 or more drinks on 1 occasion?

(0) Never (1) Less than monthly (2) Monthly (3) Weekly (4) Daily or almost daily
4. How often during the last year have you found that you were not able to stop drinking once you had started?

(0) Never (1) Less than monthly (2) Monthly (3) Weekly (4) Daily or almost daily
5. How often during the last year have you failed to do what was expected from you because of drinking?

(0) Never (1) Less than monthly (2) Monthly (3) Weekly (4) Daily or almost daily
6. How often during the last year have you needed a first drink in the morning to get yourself going after a heavy drinking session?

(0) Never (1) Less than monthly (2) Monthly (3) Weekly (4) Daily or almost daily
7. How often in the last year have you had a feeling of guilt or remorse after drinking?

(0) Never (1) Less than monthly (2) Monthly (3) Weekly (4) Daily or almost daily
8. How often during the last year have been unable to remember what happened the night before because you had been drinking?

(0) Never (1) Less than monthly (2) Monthly (3) Weekly (4) Daily or almost daily
9. Have you or someone else been injured as a result of your drinking?

(0) No (1) Yes, but not in the last year (2) Yes, during the last year

10. Has a relative or friend or a doctor or other health worker been concerned about your drinking or suggested you cut down?

(0) No (1) Yes, but not in the last year (2) Yes, during the last year

Abbreviation: AUDIT, Alcohol Use Disorders Identification Test.
Scoring: A score of 8 or more is considered a positive screen for hazardous or harmful drinking.

Table 4-13 AUDIT-C

Circle the number that comes closest to your alcohol use in the PAST YEAR.

1. How often do you have a drink containing alcohol? Consider a “drink” to be 1 can or bottle of beer, 1 glass of wine, 1 wine cooler, 1 cocktail, or 1
shot of hard liquor (like scotch, gin, or vodka).

(0) Never (1) Monthly or less (2) 2 to 4 times a month (3) 2 to 3 times a week (4) 4 or more times a week
2. How many drinks containing alcohol do you have on a typical day when you are drinking?

O 1or2 (1)3or4 (2)50r6 B 7t09 (4) 10 or more

3. How often do you have 6 or more drinks on 1 occasion?

(0) Never (1) Less than monthly (2) Monthly (3) Weekly (4) Daily or almost daily

Abbreviation: AUDIT-C, Alcohol Use Disorders Identification Test Consumption Questions.
Scoring: A score of 8 or more is considered a positive screen for hazardous or harmful drinking.
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Table 4-14 CAGE

1. Have you ever felt you should cut down on your drinking?

2. Have people annoyed you by criticizing your drinking?

3. Have you ever felt bad or guilty about your drinking?

4. Have you ever had a drink first think in the morning to steady your
nerves or to get rid of a hangover (eye opener)?

Abbreviation: CAGE, cut down, annoyed, guilty, eye opener.

Scoring: Two or more positive responses are considered a positive screen for problem
drinking in most studies. Alternatively, you may select a cut point of just 1 positive
response to improve the sensitivity.

Table 4-15 T-ACE

1. How many drinks does it take to make you feel high (folerance)?

2. Have people annoyed you by criticizing your drinking?

3. Have you ever felt you should cut down on your drinking?

4. Have you ever had a drink first think in the morning to steady your
nerves or to get rid of a hangover (eye opener)?

Abbreviation: T-ACE, tolerance, annoyed, cut down, eye opener.

Scoring: Positive response to the tolerance item (positive is considered more than 2
drinks) is scored 2 points; to other items, 1 point each. Total of 2 or more indicates
risky drinking.

Table 4-16 TWEAK

1. How many drinks can you hold? (“Hold” version; > 6 drinks indicates tol-
erance) orhow many drinks does it take before you begin to feel the first
effects of the alcohol? (“High” version; > 3 indicates tolerance)?

2. Does your spouse (or do your parents) ever worry or complain about
your drinking?

3. Have you ever had a drink first think in the morning to steady your
nerves or to get rid of a hangover (eye opener)?

4. Have you ever awakened the morning after some drinking the night
before and found that you could not remember a part of the evening
before? (amnesia)

5. Have you ever felt you ought to cut (kut) down on your drinking?

Abbreviation: TWEAK, tolerance, worry, eye opener, amnesia, cut (kut) down.
Scoring: Positive responses to the tolerance or worry items score 2 points each; to
other items, score 1 point each. A total score of 3 or more is considered positive for
heavy/problem drinking. During pregnancy, it may be more appropriate to consider a
score of 2 or more as positive.



EVIDENCE TO SUPPORT THE UPDATE:
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TITLE The Value of the CAGE in Screening for Alcohol
Abuse and Alcohol Dependence in General Clinical Popu-
lations: A Diagnostic Meta-analysis.

AUTHORS Aertgeerts B, Buntinx F, Kester A.
CITATION ] Clin Epidemiol. 2004;57(1):30-39.

QUESTION How well does the CAGE questionnaire (cut
down, annoyed, guilty, eye opener) perform?

DESIGN A formal systematic review with meta-analytic
techniques.

DATA SOURCES MEDLINE database and MEDION
database for diagnostic reviews.

STUDY SELECTION AND ASSESSMENT A search
for articles published from January 1974 to December 2001
was conducted, along with a manual search of Dutch-lan-
guage articles. All languages (except Japanese) were included
in the search. Studies had to be in a general clinical population
and to report the data required for sensitivity and specificity.
Studies with verification bias were eliminated, although stud-
ies that adjusted for verification bias were retained. Studies
outside of general medical practices (eg, psychiatric settings or
the emergency department) were excluded.

DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD

CAGE questionnaire as compared with the diagnosis estab-
lished by the Diagnostic and Statistical Manual of Mental Dis-
orders criteria.

OUTCOME MEASURES

Sensitivity, specificity, and likelihood ratios (LRs) of the
CAGE for diagnosis of alcohol abuse or dependence.

MAIN RESULTS

Thirty-five articles were identified, but only 10 were in compli-
ance with all the inclusion and exclusion criteria (Table 4-17).

Table 4-17 Serial LR for the CAGE Questionnaire at Each Cut Point for
Patients From Either OQutpatient or Inpatient Settings

CAGE threshold LR+ (95% Cl)
CAGE = 4 25 (15-43)
CAGE>3 15 (8.2-29)
CAGE > 2 6.9 (4.2-11)
CAGE > 1 3.4(2.3-5.1)
CAGE=0 0.18(0.11-0.29)

Abbreviations: CAGE, cut down, annoyed, guilty, eye opener; Cl, confidence inter-
val; LR, likelihood ratio.

When comparing primary care patients to ambulatory
medical patients (excluding inpatients), the results for the
LRs among these groups are clinically similar. While inpa-
tients have positive LRs (confidence intervals [CIs]) that
overlap at each threshold, the results for the negative LRs dif-
fer. The CAGE has much better sensitivity for inpatients,
especially at lower thresholds: When patients have no more
than 1 positive response on the CAGE, the LR is 0.17 (CI,
0.11-0.28), and when they answer all the questions negatively,
the LR is 0.02 (CI, 0-0.11).

The authors conclude that the CAGE at a cut point of 2 or
greater is of limited value.

CONCLUSION
LEVEL OF EVIDENCE Systematic review.

STRENGTHS High-quality systematic review with appropri-
ate meta-analytic techniques. The study formulates the
research question, includes a comprehensive search and selec-
tion of studies, critically appraises the studies and provides the
results, and incorporates the results into their interpretation.

LIMITATIONS Users of the CAGE should be careful not to
extrapolate these data to the diagnosis of hazardous or prob-
lem drinking because the studies evaluated alcohol abuse or
dependence.

We see these data as suggesting that the CAGE is more useful
than do the authors. However, it is very important to recognize
that the CAGE, with its recommended cut point of CAGE of 2
or greater, is intended to diagnose alcohol abuse or dependence

E4-1
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and not lower levels of problem drinking. The CAGE is useful
for this because getting an affirmative answer greatly increases
the probability that the person has a problem. On the other
hand, we agree with the authors that questionnaires with 0 to 1
positive responses do not sufficiently rule out abuse or depen-
dence, especially in populations with higher prevalence of
abuse or dependence.

What about accepting a threshold of only 1 positive response?
Further studies are needed, but this would be a reasonable
approach for screening. It should be noted that many patients
who answer with only 1 positive question will not have an abuse
or dependence problem, but it is likely that the sensitivity for
such a question would be much higher for problem drinking
and you would “miss” fewer patients. For many clinic popula-
tions, the LR of 0.18 when the patient answers in the negative for
all CAGE questions may not be adequate. This has led many
clinics to use a combination of the Alcohol Use Disorders Identi-
fication Test (AUDIT; for diagnosing problem drinking) and
CAGE (for diagnosing abuse or dependence).

Reviewed by David L. Simel, MD, MHS

TITLE Screening for Alcohol Abuse and Dependence in
Older People by Using DSM Criteria: A Review.

AUTHORS Beullens J, Aertgeerts B.
CITATION Aging Ment Health. 2004;8(1):76-82.

QUESTION Which alcohol screening questionnaires
perform best in older patients?

DESIGN Formal systematic review without meta-analytic
techniques.

DATA SOURCES MEDLINE and PsycINFO databases.

STUDY SELECTION AND ASSESSMENT Studies
published from 1996 to 2002. Studies could be inpatient,
outpatient, or nursing home settings for patients 60 years
or older. One study of nursing home patients that included
those as young as 50 years was included.

DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD

CAGE (cut down, annoyed, guilty, eye opener), AUDIT
(Alcohol Use Disorders Identification Test), MAST (Michi-
gan Alcoholism Screening Test), and variations compared
with the diagnosis established by the Diagnostic and Statisti-
cal Manual of Mental Disorders (DSM) criteria. We assessed
the data for the CAGE and the AUDIT because these are
shorter questionnaires than the longer MAST (see Appendix
in the Update for the actual questionnaires).

Table 4-18 Performance of the CAGE Questionnaire Among Older Patients

Test (No. of LR+ (95%

Studies) Sensitivity  Specificity ) LR (95% Cl)
CAGE > 2 0.63-0.70 0.82-0.91 5.3(3.0-9.0) 0.37(0.29-0.47)
(=2

CAGE > 1 0.79-0.86 0.56-0.78 2.6 (1.5-4.5) 0.24(0.15-0.40)
(=2

AUDIT > 8 0.33 091  36(1.6-8.0) 0.75(0.58-0.90)
(=1

Abbreviations: AUDIT, Alcohol Use Disorders Identification Test; CAGE, cut down,
annoyed, guilty, eye opener; Cl, confidence interval; LR+, positive likelihood ratio;
LR—, negative likelihood ratio.

OUTCOME MEASURES

Sensitivity and specificity. The criterion standard assessed for
alcohol abuse or dependence. We retrieved articles to calcu-
late the LRs from the original data.

MAIN RESULTS

Seven articles were identified for inclusion; only 2 were done
in the outpatient setting, and the results are displayed in
Table 4-18.

CONCLUSION
LEVEL OF EVIDENCE Systematic review.

STRENGTHS The study formulates the research question,
includes a comprehensive search and selection of studies, and
provides the results.

LIMITATIONS There is no meta-analytic assessment. A for-
mal quality assessment is not presented. Confidence intervals
and sample sizes for the number of patients with alcohol
abuse or dependence are not given.

The number of studies on drinking problems in older
patients is disappointingly low. The authors provide a good
rationale for why the existing questionnaires might not work
as well in older patients. The authors’ impression is that the
CAGE may be better for detecting alcohol abuse or depen-
dence in older patients, which would be consistent with other
studies about the use of the CAGE, but it is hard to be conclu-
sive given the paucity of studies in ambulatory older patients.
As in other studies, picking a threshold of just 1 or more posi-
tive answer to CAGE questions improves the sensitivity. The
authors hypothesize that the T-ACE (folerance, annoyed, cut
down, eye opener) might be even more efficient than the
CAGE because the “feeling guilty” question is replaced by a
“tolerance” question that may be more appropriate for older
patients. That hypothesis, along with assessing the proper
threshold, needs assessment. The authors do not address the
detection of harmful or hazardous drinking in older patients.

Reviewed by David L. Simel, MD, MHS



TITLE Alcohol Screening Questionnaires in Women.

AUTHORS Bradley KA, Boyd-Wickizer J, Powell SH,
Burman ML.

CITATION JAMA. 1998;280(2):166-171.

QUESTION Which alcohol screening questionnaires
perform best in women?

DESIGN Formal systematic review without meta-analytic
techniques.

DATA SOURCES MEDLINE database and Social Sci-
ence and Science Citations Index.

STUDY SELECTION AND ASSESSMENT Studies
published from 1996 to July 1997 in English. Studies did
not have to be performed in a general clinical population
but did need to include a clinic population of women with
the data reported separately for women. United States stud-
ies were the only studies included. All studies had to com-
pare a brief screening questionnaire to a criterion standard.

DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD

CAGE (cut down, annoyed, guilty, eye opener), AUDIT
(Alcohol Use Disorders Identification Test), TWEAK (toler-
ance, worry, eye opener, amnesia, cut [kut] down), Brief
Michigan Alcohol Screening Test (BMAST), T-ACE (toler-
ance, annoyed, cut down, eye opener), Trauma score, and
NET* questionnaires' as compared with the diagnosis estab-
lished by the Diagnostic and Statistical Manual of Mental Disor-
ders criteria. In the obstetrics clinic studies, the criterion
standard was the number of drinks per day, which is appropri-
ate, given that any drinking may be harmful. In the primary care
clinics studies, the criterion was alcohol abuse or dependence.
We assessed the data only for the CAGE, AUDIT, TWEAK, and
T-ACE for this review as these were the surveys studied in more
than 1 location. In all studies, a person who was aware of the
questionnaire results applied the criterion standard.

OUTCOME MEASURES

Sensitivity, specificity, and area under the receiver operating
characteristic curve. Data were presented for women com-
pared with men when the results were available.

MAIN RESULTS

Thirty-six articles were identified, but only 13 met all the
inclusion criteria.

*NET stands for: N, Normal drinker: Do you feel you are a normal

drinker?; E, “Eye opener” question from CAGE.; T, Tolerance: How

many drinks does it take to make you feel high. These questions are
found in the other questionnaires.
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Table 4-19 Performance Characteristics of Screening Questionnaires
in Women

Setting (No.
of Studies, Sensitivity Specificity
No. of Patients) Test (95% Cl) (95% Cl)

Emergency Care (3 studies, 892 patients)

TWEAK > 2 0.87 (0.74-0.93)  0.87 (0.83-0.90)
(Hold version;
only in 1 study)

CAGE>2,AUDIT 0.72(0.66-0.77) 0.94 (0.92-0.96)
> 8, TWEAK >3
(Hold version)

Obstetrics Clinic (3 studies, 8431 patients)

Low cut point

Higher cut point

Low cut point T-ACE >1 0.89(0.81-0.94) 0.75 (0.70-0.79)
CAGE >1 0.66 (0.62-0.70) 0.81 (0.81-0.82)
TWEAK > 2 0.91(0.87-0.94) 0.77 (0.76-0.78)
(Hold version;
only 1 study)

Higher cut point  T-ACE> 2 0.79 (0.64-0.90) 0.82 (0.71-0.90)
CAGE > 2 0.48 (0.44-0.53) 0.93 (0.92-0.93)
TWEAK >3 0.67 (0.61-0.73) 0.92 (0.91-0.93)
(Hold version;
only 1 study)

Primary Care (2 studies, 758 patients)

Low cut point CAGE >1 0.89(0.82-0.93) 0.83 (0.79-0.86)
(only 1 study)
Higher cut point  CAGE > 2 0.58 (0.32-0.80)* 0.93 (0.90-0.95)

Abbreviations: AUDIT, Alcohol Use Disorders Identification Test; CAGE, cut down,
annoyed, guilty, eye opener; Cl, confidence interval; T-ACE, tolerance, annoyed, cut
down, eye opener; TWEAK, folerance, worry, eye opener, annesia, cut (kut) down.
Heterogeneous, P < .05.

We extracted the data for sensitivity and specificity to assess
for summary values (Table 4-19). The results are the random
effects summary measures when there is more than 1 study.

We combined data for the sensitivity and specificity estimates
by extracting the raw results. Because of concerns about incor-
poration bias, we assessed for heterogeneity. We chose not to
report summary likelihood measures for women because of
our uncertainty about the effect of incorporation bias.

The summary specificity for the CAGE of 2 or greater,
AUDIT, TWEAK of 3 or greater, and T-ACE of 2 or greater is
0.92 (95% CI, 0.90-0.94), has narrow Cls, and suggests that a
positive questionnaire at these thresholds is clinically similar
no matter what population of women is included.

There is greater variability for the sensitivity. The CAGE
questionnaire performs poorly in an obstetrics clinic. The
AUDIT and the TWEAK of 3 or greater (hold version) have
similar sensitivities across all settings (0.69 [95% CI, 0.64-
0.74]). For every questionnaire studied (CAGE, AUDIT, and
TWEAK), the sensitivity is always worse in women compared
with men, whereas the specificity is always higher for women.

CONCLUSION
LEVEL OF EVIDENCE Systematic review.

E4-3
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STRENGTHS High-quality systematic review. The study
formulates the research question, includes a comprehensive
search and selection of studies, critically appraises the studies
and provides the results, and incorporates the results into
their interpretation.

LIMITATIONS There is no meta-analytic assessment. The
studies in the emergency department and in primary care
assessed only for abuse or dependence rather than for harmful
or hazardous drinking. Each study was potentially affected by
incorporation bias in which the interviewer knew the results of
the screening questionnaires. We are uncertain how this
affected the interpretation of the criterion standard. However,
because all studies were affected by this bias, we still may make
inferences on the relative value of the sensitivity and specificity.

No matter what the setting, the specificity of these tests is
similarly high for women. Although it is possible that this
uniformly good measurement property is a function of
incorporation bias, it is also plausible that women with any
positive screen result for alcohol are highly likely to be prob-
lem drinkers.

The results from the individual studies cited by these
authors suggest poorer overall performance for the CAGE
among women. Compared with the overall data in the meta-
analysis by Aertgeerts et al,2the estimated positive likelihood
ratio (LR) for women with a CAGE of 2 or greater appears to
be the same (an estimated positive LR of 8.2 in women vs the
meta-analytic summary estimate of 6.9 by Aertgeerts et al?),
but the estimated LR of 0.45 does appear worse (summary
positive LR 0.33 [95% CI, 0.25-0.43]). A study published just
after this systematic review also suggested CAGE differences
between men and women, along with differences based on
race or country of origin.’ In that study, the sensitivity of the
CAGE for white women and black women fell within the CI
of that in the systematic review by Aertgeerts et al> but was
less for Hispanic women. The AUDIT had a better sensitivity
among all 3 groups of women studied.

The TWEAK and T-ACE were developed to detect alcohol
problems during pregnancy, so they ought to work better than
the CAGE for pregnant women. However, the TWEAK and T-
ACE have not been as widely studied in primary care clinics.

The authors conclude that the TWEAK and AUDIT may
be the best screening tests for women in any setting. They
recommend a cut point of 2 or greater for the TWEAK,
which does improve the sensitivity but was reported in only 1
study. Although the specificity is worse for the TWEAK of 2
or greater, this is not as an important an issue as failing to
diagnose alcohol misuse during pregnancy. Dropping the cut
point for the CAGE to 1 or greater improves the sensitivity,
but it still does not perform as well as the TWEAK.

Our assessment is that the TWEAK does have statistically
similar sensitivity to the AUDIT, with a narrow CI, and these
appear to perform better than the CAGE. The TWEAK has the
obvious advantage over the AUDIT in that it requires fewer
questions. The “hold” version of the TWEAK has been studied
more extensively than the “high” version (see Appendix in the
Update for the actual questionnaires), but in the single study
that compared them, the results were similar. Because many

women may never have passed out from alcohol, the authors
recommend using the high version of the TWEAK with the
question, “How many drinks does it take before you begin to
feel the first effects of the alcohol?” (= 3 drinks indicates toler-
ance). They also recommend a cut point of 2 or greater as indi-
cating positivity. They suggest this lower threshold because the
improved sensitivity, especially for pregnant women, would be
more important than a higher specificity.

The T-ACE should be studied further because it has fewer
questions. It may be easier for primary care clinics to imple-
ment it because it is similar to the CAGE except that the “Feel-
ing guilty” question is replaced by the “Tolerance” question.

Reviewed by David L. Simel, MD, MHS
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TITLE Screening for Alcohol Problems in Primary Care.
AUTHORS Fiellin DA, Reid MC, O’Connor PG.
CITATION Arch Intern Med. 2000;160(13):1977-1989.

QUESTION Which alcohol screening questionnaires
perform best in primary care patients?

DESIGN Formal systematic review.
DATA SOURCES MEDLINE database.

STUDY SELECTION AND ASSESSMENT Studies
published in 1996-1998, English language, primary care
setting, comparing a screening questionnaire to a crite-
rion standard and including the sensitivity, specificity, or
likelihood ratios (LRs). An assessment for evaluation bias
or incorporation bias whereby the results of the screening
test were used in the criterion standard and an analysis of

clinical subgroups was done for each article.

DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD

AUDIT (Alcohol Use Disorders Identification Test), CAGE (cut
down, annoyed, guilty, eye opener), and SMAST (Short Michi-
gan Alcoholism Screening Test) instruments for screening for
alcohol problems compared with the Diagnostic and Statistical
Manual of Mental Disorders as the criterion standard.



OUTCOME MEASURES

Adherence to quality standards of reporting the demograph-
ics, comorbidities, eligibility criteria and participation rate,
criterion standard, blinding, and analysis of subgroups was
presented for 38 studies. Sensitivity and specificity were pre-
sented without their confidence intervals (CIs). Meta-analytic
techniques were not used.

MAIN RESULTS

Eleven articles assessed at-risk, hazardous, or harmful drinking,
whereas 27 articles studied alcohol dependence or abuse. The
result for the SMAST was found in only 1 retrieved study. Table
4-20 includes the data only from studies that met standards for
avoiding evaluation and incorporation bias. The sensitivity and
specificity are the point estimates (single study) or ranges
reported in the review. We retrieved the original articles to obtain
the data for combining the results to get a summary LR for the
AUDIT. We calculated the summary LR CIs for the AUDIT and
AUDIT-C (AUDIT Consumption Questions) from the original
data. (For alcohol abuse or dependence, a separate systematic
review with a meta-analysis was used to combine the results.! The
sensitivity and specificity values of the studies without verifica-
tion bias cited in the publication are shown for comparison pur-
poses to the AUDIT.)

CONCLUSION
LEVEL OF EVIDENCE Systematic review.

STRENGTHS This is an excellent systematic review that for-
mulates the research question, includes a comprehensive

Table 4-20 Performance Characteristics of
Screening Questionnaires in Primary Care

LR+ LR-
Sensitivity ~ Specificity  (95% Cl) (95% CI)

At-Risk, Harmful, or Hazardous Drinking

AUDIT >82° 057-059 0.91-0.96 6.8 (4.7-10) 0.46 (0.38-0.55)
AUDIT-C >8%'9% .40 097 12(5.0-30) 0.62(0.52-0.74)
CAGE >2:%5  0.49-0.69 0.75-0.95 3.4 (1.2-10) 0.66 (0.54-0.81)
CAGE >2¢ 0.14 097 47(3.7-6.0) 0.89(0.86-0.91)

(patients all >60 y)

Current Abuse/Dependence

AUDIT >82017431%89 - 0.66-0.71 0.85-0.86 4.6 (3.5-6.1) 0.37 (0.28-0.49)
AUDIT-C >82p1974) 0.46 0.92  59(3.3-10) 0.58 (0.44-0.73)

CAGE >230389) 0.77 0.79

Lifetime Abuse Dependence
AUDIT >8%%8385) 0.39 0.89 7.0 0.46 (0.36-0.58)
CAGE >2303836 0.43-0.53 0.86

Abbreviations: AUDIT, Alcohol Use Disorders Identification Test; AUDIT-C, AUDIT Con-
sumption Questions; CAGE, cut down, annoyed, guilty, eye opener; Cl, confidence
interval; LR+, positive likelihood ratio; LR—, negative likelihood ratio.

aSource for sensitivity: Aithal et al.®
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search and selection of studies, critically appraises the studies
and provides the results, and incorporates the results into
their interpretation.

LIMITATIONS There is no meta-analytic assessment of the
AUDIT and CAGE. This makes the results a bit harder for the
clinician to detect differences in the performance characteris-
tics of these questionnaires.

The authors evaluated the sensitivity and specificity ranges
to conclude that the AUDIT is best at identifying at-risk, haz-
ardous, or harmful drinking. We retrieved the original
reports to calculate the LRs. The CAGE appears inferior to
the AUDIT for detecting at-risk, harmful, or hazardous
drinking. However, a pragmatic problem occurs with the
AUDIT in that it is much longer than the CAGE (10 ques-
tions vs 4). We retrieved the data from the AUDIT-C, which
is a shorter version of the AUDIT, and it compares favorably
to the AUDIT for diagnosing hazardous drinking, although it
may not be as good for ruling out the problem. Because a
subsequent systematic review performed a meta-analysis of
the CAGE, we did not use this study to combine those data.

Reviewed by David L. Simel, MD, MHS
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TITLE Behavioral Counseling Interventions in Primary
Care to Reduce Risky/Harmful Alcohol Use.

AUTHORS Whitlock EP, Green CA, Polen MR.

CITATION Contract No. 290-92-0018, Task No. 2, Tech-
nical support of the US Preventive Services Task Force,
March 2004. http://www.ncbi.nlm.nih.gov/books/bv.fcgi?
rid=hstat3.chapter.45217. Accessed May 17, 2008.

QUESTION Which screening questionnaires for risky
alcohol use among primary care patients identify those
who might benefit from brief interventions?

DESIGN Formal systematic review without meta-ana-
lytic techniques.

DATA SOURCES MEDLINE, Cochrane,
HealthSTAR, and CINAHL databases.

PsychlInfo,

STUDY SELECTION AND ASSESSMENT The goal
was to identify new literature since the last US Preventive
Services Task Force recommendations'; thus, articles were
sought from 1994 through April 2002. An extensive search
was conducted to identify all relevant articles. Studies had
to have been conducted in primary care settings (emer-
gency care and inpatient studies were excluded). The
study quality for all included and excluded articles is
included. In addition to reviewing primary data, the
authors reviewed other systematic reviews.

DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD

The focus of this review was on brief treatment interventions
for problem drinkers. The shorter questionnaires were used
in the studies that were included: CAGE (cut down, annoyed,
guilty, eye opener), AUDIT (Alcohol Use Disorders Identifi-
cation Test), TWEAK (folerance, worry, eye opener, amnesia,
cut [kut] down), and T-ACE (tolerance, annoyed, cut down,
eye opener).

OUTCOME MEASURES

Screening yield, sensitivity, and specificity.

MAIN RESULTS

Twelve studies were included in the review for assessing
screening of primary care patients who might be enrolled in
brief treatment intervention (Table 4-21).

The initial yield of screening primary care patients for all
levels of drinking who are waiting for appointments is 11%
to 18%. After further questioning, about 7% of primary care
patients are candidates for brief treatment interventions. In
trying to identify all patients with drinking disorders, the
higher value of 11% to 18% would be the appropriate preva-
lence for adult US patients.

Table 4-21 Screening Questionnaires for Risky Alcohol Use Should
Be Selected According to the Patient Population

Population AUDIT CAGE TWEAK or T-ACE
Risky or Harmful Drinking

Adults Yes No No

>65y Uncertain No No

Pregnant women No No Yes

Alcohol Abuse or Dependence

Adults Yes Yes Yes

>65y Uncertain Uncertain Uncertain
Pregnant women No No Yes

Abbreviations: AUDIT, Alcohol Use Disorders Identification Test; CAGE, cut down,
annoyed, guilty, eye opener; T-ACE, tolerance, annoyed, cut down, eye opener;
TWEAK, folerance, worry, eye opener, amnesia, cut (kut) down.

CONCLUSION
LEVEL OF EVIDENCE Systematic review.

STRENGTHS This is an excellent systematic review that formu-
lates the research question, includes a comprehensive search and
selection of studies, critically appraises the studies and provides
the results, and incorporates the results into their interpretation.

LIMITATIONS There is no meta-analytic assessment. Confi-
dence intervals and LRs are not presented. The studies
included in this review were selected because they included
randomized trials of patients suitable for brief interventions
for problem drinking. Thus, these were not specifically stud-
ies of the diagnostic tests themselves. To determine the per-
formance characteristics of screening tests, the authors also
used published systematic reviews of the questionnaires.

According to data from systematic reviews of diagnostic tests,
these authors conclude that the AUDIT is the best test for detect-
ing risky harmful drinking in adults, although the TWEAK or
T-ACE ought to be used for pregnant patients. For detecting
alcohol abuse or dependence, they conclude that any of the 4
questionnaires is suitable other than during pregnancy.

The CAGE questionnaire is in widespread use, so the authors
suggest that it might be improved by adding quantity/frequency
questions. This has shown greater sensitivity and specificity in
the emergency department but has not been studied in primary
care.” It is available online as part of the National Institute on
Alcoholism and Alcohol Abuse guide to physicians (http://
pubs.niaaa.nih.gov/publications/Practitioner/pocketguide/
pocket_guide.htm, accessed May 17, 2008) and also as a self-
graded patient form (http://www.alcoholscreening.org/,
accessed May 17, 2008).

Reviewed by David L. Simel, MD, MHS
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CHAPTER

Does This Adult Patient
Have Appendicitis?
James M. Wagner, MD

W. Paul McKinney, MD
John L. Carpenter, MD

CLINICAL SCENARIO

A 29-year-old patient presents to your office with abdomi-
nal pain and a fever. The patient was well until 1 day ago and
had never experienced abdominal pain. A vague periumbili-
cal pain awoke him from sleep 12 hours previously, and he
soon developed anorexia, nausea, and vomiting. His wife
consulted their family medical reference guide and then
brought him to the office, concerned that his symptoms
matched a description of appendicitis. The pain then
migrated to the right lower quadrant (RLQ) and was much
worse while he was riding in the car to the physician’s office.

The patient’s oral temperature is 37.8°C; the pulse rate
and blood pressure are normal. He has RLQ tenderness,
guarding but not rigidity, and rebound tenderness in the
RLQ. A rectal examination reveals no tenderness, and he
does not exhibit the psoas or obturator signs. Rovsing sign
is positive.

WHY IS THIS AN IMPORTANT QUESTION TO
ANSWER WITH A CLINICAL EXAMINATION?

In western countries, appendicitis represents a common cause
of acute abdominal pain. According to National Center for
Health Statistics data, approximately 500000 patients under-
went appendectomies from 1979 to 1984. Individuals carry a
7% lifetime risk of developing appendicitis.' The incidence of
appendicitis causing abdominal pain depends on the clinical
setting. In series from emergency departments or surgical ser-
vices, 25% of patients younger than 60 years and evaluated for
acute abdominal pain have acute appendicitis, whereas the
incidence in those older than 60 years is approximately 4%.!"
Only 0.7% to 1.6% of all ambulatory patients with abdominal
pain have appendicitis.*” Among children treated in the ambu-
latory care setting, appendicitis causes 2.3% of all abdominal
pain episodes.® In children admitted for acute abdominal pain,
appendicitis is the etiology for approximately 32%.%!!

The morbidity and mortality of appendicitis remain sig-
nificant, even with the advent of antibiotics and effective sur-
gical management. Although the overall mortality rate with
appropriate treatment is less than 1%, in the elderly it
remains approximately 5% to 15%.>* There is a significant
amount of morbidity caused by appendiceal rupture.'>'> The
incidence of perforation in patients with appendicitis ranges
from 17% to 40%, with a median of 20%.'®'” The perforation
rate is significantly higher in the elderly, with rates as high as
60% to 70%. Several factors contribute to the increased inci-
dence of perforation in the elderly, including significant
delay in seeking care, nonspecificity of the presenting symp-
toms and signs, diminished febrile response, and fewer
abnormalities in important laboratory characteristics such as
the white blood cell count (WBC).>»>14181 Children also have

Copyright © 2009 by the American Medical Association. Click here for terms of use.
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an increased incidence of perforation because of delays in
consulting a physician for abdominal pain.® The negative lap-
arotomy result rate in most series ranges from 15% to 35%
and creates morbidity.'*7?*2? In younger women, the nega-
tive laparotomy result rate is significantly higher (up to 45%)
because of the prevalence of pelvic inflammatory disease and
other common obstetric and gynecologic disorders.!6172324

THE ACCURACY OF OTHER DIAGNOSTIC MODALITIES

Routine medical history and physical examination remain the
most effective and practical diagnostic modalities.?>?* Several
other clinical methods for diagnosing appendicitis have been
studied. Computer or algorithm-driven analyses of patients
with abdominal pain have been evaluated,” although most
studies have incomplete controls and yield inconsistent results.
Thus, the utility of computer-guided diagnosis compared with
unassisted clinical diagnosis needs further evaluation. The
authors of most of these studies believe that the improved util-
ity they demonstrated was primarily because clinicians were
forced to focus on specific clinical data that were readily avail-
able to be entered into the analysis tree. Finally, these authors
observed that all of these modalities completely depend on the
accuracy of the data gathered and interpreted by clinicians
before the data are entered into the computer or algorithm
analysis. The concept of an extended period of observation of
patients with questionable appendicitis has been shown by
some authors to be helpful 3272 Its utility, like that of computer
and algorithm analyses, depends on routine medical history
and physical examination skills of clinicians.

The utility of radiographic techniques has also been evalu-
ated. Plain abdominal radiographs and barium enemas are nei-
ther specific nor sensitive for appendicitis.®® Ultrasonography is
more effective in detecting a distended appendix than appen-
diceal perforation."”>¥*# No study has demonstrated ultra-
sonography to be clearly superior to the clinical examination,
and many authors believe that its primary utility is to supple-
ment the medical history and physical examination in patients
with equivocal findings. The accuracy of computed tomography
in diagnosing appendicitis has also been inconsistent.’##43

Laparoscopy has been shown by some authors to be useful,
particularly in young women in whom it can be difficult to dif-
ferentiate between pelvic inflammatory disease, ectopic preg-
nancy, and appendicitis.”” However, other series have not been
as supportive, with negative appendectomy result rates from
20% to 30%.*% Studies of outcomes comparing laparoscopy
with laparotomy have yielded conflicting results.*¥ Even
though ultrasonography, computed tomography, and laparos-
copy can be helpful, none are ideal techniques, and the clini-
cian must depend on patient medical history and physical
examination results.

APPENDICEAL ANATOMY AND
PATHOPHYSIOLOGY OF APPENDICITIS

The adult’s appendix averages 10 cm in length, arising from
the posteromedial wall of the cecum, about 3 cm below the

ileocecal valve.® Its position in the abdominal cavity is vari-
able, being described as retrocecal, retroileal, preileal, subce-
cal, or pelvic, and this variability in location may influence
the clinical signs and symptoms associated with appendicitis.
Although the physiologic role of the appendix is unproved,
an immunologic function is suggested by its content of lym-
phoid tissue.”

Appendiceal obstruction, followed by secondary bacterial
invasion, causes the majority of appendicitis. Continued
fluid secretion by the mucosa of the obstructed appendix dis-
tends the lumen, eventually exceeding venous pressure and
leading to tissue ischemia and, ultimately, necrosis. Causes of
obstruction include fecaliths, calculi, tumors, parasites, for-
eign bodies, or, rarely, barium. In the one-third of patients
without apparent obstruction, infection by viruses, parasites,
or bacteria, or either trauma or postoperative fecal stasis may
be involved.*-

Normally, appendicitis presents with a highly characteristic
sequence of symptoms and signs.”® Initially, appendicitis
causes visceral pain poorly localized to the epigastrium or
periumbilical region, presumably because of distention of the
appendix. Anorexia, nausea, and vomiting soon follow as this
pathophysiology worsens. More advanced inflammation causes
irritation of adjacent structures or the peritoneum, low-grade
fever, and peritoneal pain localized to the RLQ. The patho-
physiology explains the classic migration of pain caused by
appendicitis. The point of maximal tenderness may be distinct
from McBurney point, 5 cm from the anterior superior iliac
spine on a line running from the umbilicus.

Atypical locations of the appendix may lead to unusual
clinical findings. In the case of retrocecal or retroiliac appen-
dices,””® the pain may be poorly localized and may not
undergo the transition from epigastric to RLQ locations. Pel-
vic appendicitis frequently causes pain in the left lower quad-
rant, with an absence of tenderness, and is reflected by
increased pain during a rectal examination. Unusual symp-
toms of urinary and defecation urgency, caused by irritation
of the ureter and rectum, respectively, plus dysuria and diar-
rhea may also occur.

Although often a diagnostic dilemma in the first trimester
of pregnancy because of confusion with other diagnoses,
appendicitis in later stages of gestation may present a chal-
lenge for the clinician because of displacement of the appen-
dix by the enlarging uterus. In such cases, periumbilical or
right subcostal tenderness may be found.

HOW TO ELICIT THE RELEVANT
SYMPTOMS AND SIGNS

Pain is commonly the first symptom of appendicitis.** Clas-
sically, the vague, midepigastric or periumbilical pain awak-
ens the patient from sleep but is not initially severe. After
reaching its peak in around 4 hours, it diminishes and then
migrates to the RLQ. Most patients will seek medical atten-
tion within 12 to 48 hours. Pain usually occurs before vomit-
ing, and the patient has usually not experienced similar
symptoms before the present episode.



According to Cope’s Early Diagnosis of the Acute Abdomen,®
many patients feel constipated and anticipate that defecation
will relieve discomfort, leading them to use cathartic agents.
However, pain persists after a bowel movement.

Many signs have been associated with appendicitis or peri-
tonitis. Some of obvious value, such as the pelvic examina-
tion, have not been adequately evaluated to merit mention in
this systematic review or they lack an adequate description or
standardization of the elicitation of the sign to ensure accu-
rate reproduction. A common reference for definitions in the
best studies is a text by De Dombal.® What follows is the
most consistent and useful description of the signs:

+ Guarding: Guarding is a state of voluntary contraction of
the abdominal muscles. The muscles are held tense by the
patient because he or she knows (or fears) that further
examination is likely to be painful. Fear can be partially, or
fully, overcome by tact and persuasion.®!

+ Rigidity: Rigidity is also known as involuntary guarding. The
best studies of abdominal pain have described rigidity as an
involuntary reflex spasm of the muscles of the abdominal
wall. It can never be overcome by tact and reassurance.!

+ Rebound tenderness: (1) Press on the area of question with
the flat of your hand, sufficient to depress the peritoneum.
The patient should be experiencing pain. (2) Keep pressing
with a constant intensity. As the patient adjusts to this
pressure during 30 to 60 seconds, the pain diminishes. It
may go away completely, although usually it does not.
(3) Without warning, and preferably while the patient’s
attention is distracted, remove the hand suddenly to just
above skin level. Watching the patient grimace is more
indicative than a complaint of pain.®!

+ Rovsing sign: A sign related to the rebound tenderness test.
Press deeply and evenly in the left lower quadrant and then
release pressure suddenly. The presence of tenderness in the
RLQ during palpation or referred rebound tenderness in the
RLQ during release is considered a positive Rovsing sign.

+ Psoas sign: With the patient in the supine position, ask the
patient to lift the thigh against your hand, placed just
above the knee. Alternatively, with the patient in the left
lateral decubitus position (Figure 5-1), extend the patient’s
right leg at the hip. Increased pain with either maneuver is
a positive sign and indicates irritation of the psoas muscle
by an inflamed appendix.

+ Obturator sign: This sign is similar mechanically to the
psoas sign. It is elicited by passively flexing the right hip
and knee and internally rotating the leg at the hip, stretch-
ing the obturator muscle (Figure 5-2). Resultant right-
sided abdominal pain is a positive sign, indicating irrita-
tion of the obturator muscle. The obturator sign has not
been studied independent of the psoas sign, but most clini-
cians would attribute the same significance.

+ Rectal examination: Classically, tenderness and fullness
perceived on the right but not the left side on rectal exami-
nation are indicative of a pelvic appendicitis.®* This sign is
subjective and poorly described in most major physical
examination texts. No studies that assess rectal tenderness
describe the examination technique.

CHAPTER 5 Appendicitis, Adult

PRECISION OF THESE SYMPTOMS AND SIGNS

There have been no studies published evaluating the preci-
sion of the clinical examination for appendicitis. A standard-
ized clinical examination might produce strong interrater
reliability.

Left lateral
decubitus position

Examiner extends the patient’s

right leg at the hip. Appendix .

Figure 5-1 The Psoas Sign in Examination for Appendicitis

The sign can be elicited with 2 different patient positions. First, with the
patient in the supine position, ask the patient to lift the right thigh against
your hand placed just above the knee. With the patient in the left lateral
decubitus position (as shown), extend the right leg at the hip. Increased pain
with either maneuver is a positive sign and indicates irritation of the psoas
muscle by an inflamed appendix.

With the patient in the supine position, the examiner passively flexes the
right hip and knee. The leg is gently pulled laterally while maintaining
position of the knee, causing internal rotation at the hip.

Obturator internus
muscle

Figure 5-2 The Obturator Sign in Examination for Appendicitis

Elicit this sign by passively flexing the patient’s right hip and knee and inter-
nally rotating the leg at the hip, stretching the obturator muscle. Resultant
right-sided abdominal pain is a positive sign, indicating irritation of the obtu-
rator muscle.
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ACCURACY OF THESE SYMPTOMS AND SIGNS

A handful of studies published during the past few decades
have evaluated the accuracy of the clinical presentation of
appendicitis. The studies are of various quality and design.
Most are best described as cross-sectional in design because
a clinical judgment is made, with outcomes measured in
terms of pathologic confirmation of appendicitis vs a nega-
tive laparotomy result or no requirement for surgery.
Eleven of the highest-quality studies, based on number of
patients studied, the study design, and completeness of
reported data, are summarized in Table 5-1.%233356267 The
search strategy for identifying these articles is available
from the authors on request. This strategy yielded about
300 articles since 1966. Further limiting sets to adult age
groups yielded 200 studies. The titles and abstracts were
reviewed and chosen if adequate detail of the outcomes and
aspects of the clinical examination allowed construction of
2 x 2 tables and subsequent calculation of likelihood ratios
[LRs].

The 11 studies were divided into 2 groups by the patients
on whom they focused. Approximately half of the studies
focused on patients in whom appendicitis was suspected, and
half, on those who were examined for acute abdomen. In the
studies of suspected appendicitis, the inclusion criteria were
not further defined. In the studies of acute abdomen, inclu-
sion criteria usually involved pain for less than 1 week. Taken
together, the studies report on the findings of more than
4000 patients and provide the best available evidence sup-
porting the most valuable aspects of the clinical examination
for appendicitis (Table 5-2).

Each study reports on a varying constellation of clinical
findings. Many aspects of the clinical examination are not
evaluated in all of these studies. Unfortunately, some of the
aspects evaluated are poorly defined in the text of the studies,

so specific recommendations for these aspects are difficult to
derive for medical education or the everyday practice of
medicine.

Nonetheless, several points can be drawn from a system-
atic literature review. In evaluation of patients presenting
with emergency and acute abdominal pain, usually defined
as less than 1 week in duration before presenting to an
emergency department or surgical ward, the prevalence
(pretest probability) of acute appendicitis ranges from 12%
to 26%.'2%032% The clinical examination will influence this
probability further. If various aspects of the clinical exami-
nation are viewed as diagnostic tests, LRs’*"! and posttest
probability can be calculated.

From the medical history, 6 aspects have been evaluated.
Seven physical examination items have also been studied
well. These aspects are examined further in Table 5-3.7 The
large number of patients studied and the similarities across
studies make the data suitable for being combined into sum-
mary measures.

Three findings show a high positive LR (LR+) across all
studies and, when present, are most useful for identifying
patients at increased likelihood for appendicitis: RLQ pain
(LR+, 8.0), rigidity (LR+, 4.0), and migration of initial
periumbilical pain to the RLQ (LR+, 3.2). Rebound tender-
ness was studied in most patients, but its positive likelihood
varied too much to allow a statistical point estimate of its
effect (LR+, 1.1-6.3). Although the obturator sign has not
been studied independently, the authors suspect that this
sign has operating characteristics similar to those of the
psoas sign.

Clinicians also collect evidence to help prove normality.
Unfortunately, no single component consistently provided
a low negative LR (LR-) that would rule out appendicitis.
There were, however, many signs that proved to be helpful
in ruling out appendicitis. The absence of RLQ pain and

Table 5-1 Studies of the Operating Characteristic of the Clinical Examination for Appendicitis

No. of Patients

Authors Year Inclusion Criteria Design Studied (% Women) Country Age Range, y
Staniland et al® 1972 Admitted for acute abdomen Retrospective 600 (49) United Kingdom <9 to >70
Brewer et al 1976  ED evaluation for acute abdomen Retrospective 1000 (0) United States 1510 >65
Berry and Malt® 1984  Operation for suspected appendicitis Retrospective 300 (40) United States 10 to >50
Nauta and Magnant® 1986  Operation for suspected appendicitis Prospective 97 (40) United States 21091
Alvarado® 1986  Admitted for suspected appendicitis Retrospective 305 (42) United States 41080
Fenyo® 1987  Admitted for suspected appendicitis Prospective 830 (57) Sweden 1510 86
Liddington and Thomson® 1991  Admitted for abdominal pain Prospective 150 (58) United Kingdom 71084
Dixon et al® 1991  Admitted for suspected appendicitis Prospective 1204 (39) Scotland 71087
[zbicki et al® 1992  ED evaluation for suspected appendicitis ~ Prospective 150 (56) Germany 11 to 88
Eskelinen et al’ 1994  Admitted for abdominal pain Prospective 222 (58) Finland 65 t0 90
Eskelinen et al®® 1995  Admitted for abdominal pain Prospective 417 (54) Finland >50
Total 5275 (41)

Abbreviation: ED, emergency department.



the presence of similar previous pain demonstrated power-
ful LR— (0.28 and 0.25, respectively). The absence of the
classic migration of pain also diminished the likelihood of
appendicitis significantly (LR—, 0.5). The absence of RLQ
guarding or rebound pain has excellent properties for rul-
ing out appendicitis in some studies, but not others. The
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presence of pain before vomiting needs further study to
identify its diagnostic efficiency because, in its only evalua-
tion, it was highly efficient in ruling out appendicitis.
Astute clinicians will recognize that the absence of
anorexia, nausea, or vomiting has little effect on the likeli-
hood of appendicitis.

Table 5-2 Aspects of the Clinical Examination Studied?

Pain
Author Migr ~ Anorexia Nausea Vomiting Pain  Similar  Rectal Psoas RLQPain Rebound Rigid Guard Fever
Staniland et al®? X X X X X X X X
Brewer et al X X X X X X X
Berry and Malt® X X X X X X X
Nauta and X X X X X X X X
Magnant®
Alvarado® X X X X X X X
Fenyo® X X X
Liddington and X
Thomson®
Dixon et al® X X X X
[zbicki et al® X X X X X X
Eskelinen et al®’ X X X X X X
Eskelinen et al® X X X X X X X X X X
No. of cases 1354 2161 1691 1684 651 1542 2349 450 3979 4688 3555 2267 1264
studied

Abbreviations: Migr, migration of the initial periumbilical pain to the right lower quadrant; pain, pain before vomiting; psoas, positive psoas sign; rectal, pain on rectal examination;
RLQ, right lower quadrant; similar, symptoms similar to those the patient previously experienced.
“For an explanation of rebound, rigid, and guard, see the “How to Elicit the Relevant Symptoms and Signs” section of the text.

Table 5-3 Summary of Clinical Examination Operating Characteristics for Appendicitis?

Procedure Sensitivity Specificity LR+ (95% CI) LR- (95% Cl)
Right lower quadrant pain 0.84 0.90 7.3-8.5 0-0.28°
Rigidity 0.20 0.89 3.8(3.0-4.9) 0.82 (0.79-0.85)
Migration of pain 0.64 0.82 3.2(2.4-4.2) 0.50 (0.42-0.59)
Pain before vomitinge 1.0 0.64 2.8(1.9-3.9 NA

Psoas sign 0.16 0.95 2.4 (1.2-4.7) 0.90 (0.83-0.98)
Fever 0.67 0.79 1.9(1.6-2.3) 0.58 (0.51-0.67)
Rebound tenderness test 0.63 0.69 1.1-6.3 0-0.86"
Guarding 0.73 0.52 1.7-1.8 0-0.54°

No similar pain previously 0.86 0.40 1.50 (1.46-1.7) 0.32 (0.25-0.42)
Rectal tenderness 0.41 0.77 0.83-5.3 0.36-1.1°
Anorexia 0.68 0.36 1.3(1.2-1.4) 0.64 (0.54-0.75)
Nausea 0.58 0.37 0.69-1.2° 0.70-0.84"
Vomiting 0.51 0.45 0.92 (0.82-1.0) 1.1(0.95-1.3)

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative likelihood ratio; NA, not available.

*All studies were used to create 2 x 2 tables and then tested for homogeneity of the odds ratio with the Breslow-Day statistic. If studies were not rejected as heterogeneous by this
statistic, P=.05, Cls were manually reviewed to exclude type Il errors. Studies satisfying both criteria were combined, and LRs were calculated with the Mantel-Haenszel method. The
95% Cls were calculated according to the method of Simel et al.” Only 1 study evaluated pain before vomiting. For an explanation of procedure terms, see Table 5-2 or the “How to

Elicit the Relevant Symptoms and Signs” section of the text.
"In heterogeneous studies, the LRs are reported as ranges.
Only 1 study on this in the meta-analysis.
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THE ROLE OF COMBINED FINDINGS

Clinicians rarely rely on a single sign or symptom for diagno-
sis but instead rely on a combination of findings. Unfortu-
nately, the precision and accuracy of combinations of
findings have not been reported in these studies. Several
studies do assess, however, various decision rules that do
combine these findings.>*3>%777 Four of the most powerful
rules were validated on an independent set of 1254 patients
older than 50 years and presenting with abdominal pain. No
single score was found to be superior; however, it was
observed that the decision rules reported in the original work
to be most powerful incorporated at least 2 of 5 common
variables: site and duration of pain, site of tenderness,
rebound tenderness, and leukocytosis.”

THE BOTTOM LINE

Returning to the beginning clinical scenario, the historical
components of the presentation are highly suggestive of
appendicitis. Our patient demonstrates the classic sequence
of abdominal pain before vomiting, culminating with the
migration of the initial midepigastric pain to the RLQ. The
combination of these LR+s alone makes appendicitis more
likely.

The findings of guarding but not rigidity tend to neutralize
each other’s effect. The rectal examination results and the
psoas and related signs are helpful if present but are not help-
ful when absent, as in this case. In sum, we suspect appendi-
citis in this man, so further evaluation is warranted.

A surgical doctrine suggests that a decrease in the perfora-
tion rate will be achieved only by an increase in the negative
laparotomy result rate in suspected acute appendicitis. The
truth of this doctrine has been called into question, given the
results of large- and small-area variation studies.”? Improved
clinical evaluation is suggested as a remedy for a high rate of
negative laparotomy results without increasing the perfora-
tion rate. Evidence suggests the essential nature of clinical
details.””® Clinicians often do not collect enough clinical
details for accurate and precise diagnosis.®*> Correction of
this deficit, therefore, may well increase diagnostic accuracy
without increasing the perforation rate.

In summary, there are several conclusions that can be
made concerning the clinical presentation, pathophysiology,
and diagnosis of appendicitis:

1. Appendicitis is a common clinical entity, with significant
morbidity and mortality, particularly at the extremes of age.

2. The pathophysiology of appendicitis consists of initial
dilatation of the appendix, followed by appendiceal
ischemia, necrosis, and parietal peritoneal irritation. Clin-
ical findings are predictable, predicated on knowledge of
this pathophysiology.

3. The characteristic sequence of symptoms and signs
includes the following: (1) vague pain initially located in
the epigastric or periumbilical region; (2) anorexia, nau-
sea, or unsustained vomiting; (3) migration of the initial
pain to the RLQ; and (4) low-grade fever.

4. Migration of pain in the characteristic manner, RLQ pain,
and the presence of pain before vomiting are historical
findings that suggest appendicitis. The presence of rigid-
ity, a positive psoas sign, fever, or rebound tenderness is a
sign on physical examination indicating an increased like-
lihood of appendicitis.

5. Conversely, the absence of RLQ pain, the absence of the
classic migration of pain, and the presence of similar pain
previously are powerful symptoms in the medical history
that make appendicitis less likely. In the physical examina-
tion, the lack of RLQ pain, rigidity, or guarding makes
appendicitis less likely.

6. Because no finding on the clinical examination can effec-
tively rule out appendicitis, prudence dictates close fol-
low-up of patients with abdominal pain who do not
receive further diagnostic testing.
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UPDATE:

CLINICAL SCENARIO

A 24-year-old woman presents with abdominal pain, nau-
sea, and vomiting. She describes the pain as beginning in
her midabdomen 3 days ago, and it has gotten progressively
worse. Her last menstrual period was 3 weeks ago and was
normal; she is not sexually active. The pain has stayed in the
midabdomen and not moved to other locations. On exami-
nation, she has a fever and right lower quadrant (RLQ) and
rebound tenderness; her pelvic and rectal examination
results are unremarkable. Laboratory evaluation reveals a
left shift without leukocytosis and ketonuria.

UPDATED SUMMARY ON ADULT APPENDICITIS

Original Review

Wagner JM, McKinney WP, Carpenter JL. Does this patient
have appendicitis? JAMA. 1996;276(19):1589-1594.

UPDATED LITERATURE SEARCH

Our literature search used the parent search for the Rational
Clinical Examination series, combined with the subject head-
ings “exp appendicitis” published between 1994 and Septem-
ber 2004. This search yielded more than 400 titles, which
were narrowed down to approximately 50 by excluding stud-
ies of laboratory and radiologic tests and case studies.

There have been few new studies that focused on the
operating characteristics of individual components of the
clinical examination for appendicitis. However, there have
been several studies that have looked at combinations of
findings. That is, instead of examining the likelihood ratio
(LR) of rebound tenderness alone, studies have explored
the combination of fever, migration of pain, and rebound
tenderness.

The studies of clinical decision rules were selected if the
components, derivation, and validation of the prediction rule
were clearly defined in the article and the patients included
were those from a general population with abdominal pain or
were suspected of having appendicitis. Our previous litera-
ture search was reviewed, and studies conducted before 1994
were included if they fit these criteria.

Appendicitis, Adult

Prepared by Jim Wagner, MD
Reviewed by Kaveh Shojania, MD

NEW FINDINGS

+ Combinations of findings from the clinical examination
are more powerful than any single finding.

+ Most of the decision rules formed by these combinations of
findings include migration of pain from periumbilical to
RLQ, rebound tenderness, RLQ tenderness, nausea-vomit-
ing, male sex, fever, rigidity, and white blood cell (WBC)
count.

Details of the Update

Eighteen studies that derived or validated clinical decision
rules for appendicitis were identified. The most important
studies were those by Alvarado,' Eskelinen et al,> and Fenyo et
al.’ These studies were chosen because of their methodology,
large sample sizes, simplicity of the decision rule, or familiar-
ity with physicians. In addition, a study that compared sev-
eral clinical decision rules on the same population provided a
good perspective of the relative value of these rules.*

The Alvarado! study was one of the first of the clinical deci-
sion rules published, demonstrating the power of the rule
beyond individual findings. Although the methods are rudi-
mentary and the rule is not validated in the study, it repre-
sents the most widely accepted and the simplest of the clinical
decision rules. By combining the results for 8 findings from
the medical history or the examination (which conveniently
spells out the mnemonic MANTRELS), the resulting score
provides guidance on whether to operate in the setting of sus-
pected appendicitis. Of 10 potential points, patients with a
score of 7 or higher are recommended for surgical interven-
tion. The various components are Migration, Anorexia-ace-
tone, Nausea-vomiting, Tenderness in RLQ, Rebound pain,
Elevation of temperature, Leukocytosis, and Shift to the left
of normal WBC count.

The Eskelinen et al’ study evaluated more than a thousand
patients with a rule that includes 7 variables in men and 5 in
women. The disadvantages of this study are that the rule is
complex, computer based, and was validated with a small
number of patients.

The Fenyo et al® study assessed 10 variables used in a com-
plex equation. The results for the individual findings showed
that a WBC count of less than 8.9 x 10°/L (LR, 0.16) was the
one finding that had reasonable measurement properties,
leading to a lower likelihood of appendicitis.
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The Ohmann et al* study displayed a parallel analysis of 10
available studies, including the 3 mentioned above. A database
of 45 variables prospectively collected from 1254 consecutive
patients on a standardized form was used to evaluate these
studies. A surprising outcome of the study was that none of
the rules produced sufficiently low rates (<15%) for either
unneeded appendectomy result (rule advised surgery but nor-
mal appendix found) or delayed appendectomy (rule advised
delay but the patient proved to have appendicitis). However,
the clinicians in these studies did not perform much better
than the rules. Although the clinicians who chose not to use
the rules performed similarly to the decision rule results,
implementing decision models in actual clinical practice may
identify a subset of clinicians who improve with the rules. The
authors recommend the Alvarado! and Eskelinen et al® studies
as those warranting further evaluation.

Table 5-4 Accuracy of Selected Decision Rules

LR+ LR- DOR
Author Year n (95% CI) (95% CI) (95% Cl)
Alvarado 1986 277 3.1 0.26 12
(1.9-5.0)  (0.19-0.35) (6.0-25)
Christian and 1992 58 45 0 311
Christian® (1.8-11) (0-0.23) (15-6426)
Fenyo et al® 1997 1167 5.6 0.31 18
(4.6-6.8)  (0.26-0.37) (13-24)
Eskelinenetal> 1994 1333 10 0.06 164
(8.3-12)  (0.04-0.10) (93-287)
[zbicki et al'® 1992 150 1.9 0.21 9.5
(1.5-2.5)  (0.09-0.45) (3.7-24)
Kalan et al'* 1994 49 1.3 0.38 35
0.81-2.1)  (0.11-1.3) (0.66-19)
Ramirez and 1994 166 4.3 0.25 17
Deus'™ (2.1-8.8)  (0.17-0.36) (6.4-46)
Saidi and 2000 128 6.0 0.08 75
Ghasemi'3 (3.6-9.9)  (0.03-0.24) (20-280)

Abbreviations: Cl, confidence interval; DOR, diagnostic odds ratio; LR+, positive likeli-
hood ratio; LR—, negative likelihood ratio.

Table 5-5 The Alvarado Clinical Decision Rule (MANTRELS Mnemonic)

Variable Score
Migration 1
Anorexia-acetone 1
Nausea-vomiting 1
Tenderness in RLQ 2
Rebound pain 1
Elevation of temperature 1
Leukocytosis 2
Shift to the left 1
Maximum total score 10
Positive >7

Abbreviation: RLQ, right lower quadrant.

What lessons can be learned from these studies? The rules
recommended by experts incorporate a description of the
pain location (and change of location) from the medical his-
tory, rebound and RLQ tenderness on the physical examina-
tion, and leukocytosis. Other commonly included variables
are nausea, vomiting, male sex, fever, and rigidity. Decision
rules do not vary dramatically between women and men
with abdominal pain.

IMPROVEMENTS IN THE DATA PRESENTED
IN THE ORIGINAL PUBLICATION

A series of letters to the editor prompted by the original pub-
lication pointed out some ways the presentation of the data
could be improved.>® The numbers reported for the sensitivi-
ties and specificities did not match the reported LRs; this
error was explained’” and corrected in Table 5-3 of the origi-
nal publication.

CHANGES IN THE REFERENCE STANDARD

There were no changes in the reference standard; appendici-
tis is still a histologically proven diagnosis, and the absence of
appendicitis is still a clinical diagnosis (ie, no surgery after
adequate follow-up). A recent systematic review suggests that
computed tomography may be more accurate than ultra-
sonography for identifying patients with appendicitis, but
neither test is sufficient to serve as the reference standard.®

RESULTS OF LITERATURE REVIEW

The LR and diagnostic odds ratio of the 8 best clinical deci-
sion rules are displayed in Table 5-4. The studies with the
highest numbers of participants that evaluated rules with
the highest diagnostic odds ratios (a measure of overall
accuracy) were Alvarado,! Fenyo et al,® and Eskelinen et al.?

Although the approaches of Fenyo et al> and Eskelinen et
al’> have a higher diagnostic odds ratio than the Alvarado!
rule, both have a large number of variables and require mul-
tivariate modeling that make them hard to use without a
handheld calculator or coding sheet. According to these
results, as well as expert opinion expressed by the parallel
evaluation of Ohmann et al* of 10 of the studies, the
Alvarado! clinical prediction rule (Table 5-5) is used by most
clinicians who prefer decision rules because it balances accu-
racy with simplicity of use and familiarity to clinicians.

CLINICAL SCENARIO—RESOLUTION

The patient’s presentation is suggestive but not clearly
diagnostic of appendicitis. The clinician resorts to Alva-
rado’s' clinical decision rule and calculates that the patient
has 7 of 10 possible points, a positive test result with an
LR of 3.1. The patient was referred for surgery, which
revealed an inflamed appendix.
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APPENDICITIS—MAKE THE DIAGNOSIS

PRIOR PROBABILITY

The incidence of appendicitis among emergency patients
with abdominal pain is up to 25% for patients younger
than 60 years. For those older than 60 years, the incidence
is up to 5%.

POPULATIONS FOR WHOM APPENDICITIS
SHOULD BE CONSIDERED

+ All patients with abdominal pain.

DETECTING THE LIKELIHOOD OF APPENDICITIS
AMONG EMERGENCY PATIENTS WITH
ABDOMINAL PAIN IN THE RLQ

The Alvarado' model is recommended as the most user-
friendly while being among the most powerful. The details
of the clinical decision rule are displayed in Table 5-6. Note
that the MANTRELS mnemonic is helpful in that it is easy
to remember and is organized according to medical history,
physical examination, and laboratory data.

Table 5-6 Operating Characteristics of the Alvarado Model
Test Sensitivity ~ Specificity LR+ (95% Cl) LR—(95% Cl)
0.81

Alvarado score 0.74

(=7 is positive)

3.1(1.9-5.0) 0.26(0.19-0.35)

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative
likelihood ratio.

REFERENCE STANDARD

Histologically proven diagnosis or no surgery after adequate
follow-up (which allows the inference that appendicitis was
not present).

REFERENCES FOR THE UPDATE

1. Alvarado A. A practical score for the early diagnosis of acute appendici-
tis. Ann Emerg Med. 1986;15(5):557-564.

2. Eskelinen M, Ikonen J, Lipponen P. Sex-specific diagnostic scores for
acute appendicitis. Scand | Gastroenterol. 1994;29(1):59-66.*

3. Fenyo G, Lindberg G, Blind P, Enochsson L, Oberg A. Diagnostic deci-
sion support in suspected acute appendicitis: validation of a simplified
scoring system. Eur J Surg. 1997;163(11):831-838.¢

4. Ohmann C, Yang O, Franke C, and the Abdominal Pain Study Group.
Diagnostic scores for acute appendicitis. Eur J Surg. 1995;161(4):273-
281.2

5. Witt K, Mikelld M, Olsen O. Likelihood ratios to determine “Does this
patient have appendicitis?”: comment and clarification. JAMA. 1997;
278(10):819.

6. Klovning A. Likelihood ratios to determine “Does this patient have
appendicitis?”: comment and clarification. JAMA. 1997;278(10):819.

7. Wagner JM. Likelihood ratios to determine “Does this patient have appen-
dicitis?”: comment and clarification. JAMA. 1997;278(10):819-820.

8. Terasawa T, Blackmore CC, Bent S, Kohlwes R]. Systematic review: com-
puted tomography and ultrasonography to detect acute appendicitis in
adults and adolescents. Ann Intern Med. 2004;141(7):537-546.

9. Christian F, Christian GP. A simple scoring system to reduce the
negative appendicectomy rate. Ann R Coll Surg Engl. 1992;74(4):281-
285.

10. Izbicki JR, Wolfram TK, Dietmar KW, et al. Accurate diagnosis of acute
appendicitis: a retrospective and prospective analysis of 686 patients. Eur
J Surg. 1992;158(4):227-231.

11. Kalan M, Talbot D, Cunliffe WJ, Rich AJ. Evaluation of the modified
Alvarado score in the diagnosis of acute appendicitis: a prospective
study. Ann R Coll Surg Engl. 1994;76(6):418-419.

12. Ramirez JM, Deus J. Practical score to aid decision making in doubtful
cases or appendicitis. Br ] Surg. 1994;81(5):680-683.

13. Saidi RE, Ghasemi M. Role of Alvarado score in diagnosis and treatment
of suspected acute appendicitis. Am J Emerg Med. 2000;18(2):230-231.

“For the Evidence to Support the Update for this topic,
see http://www.JAMAevidence.com.



http://www.JAMAevidence.com

This page intentionally left blank



EVIDENCE TO SUPPORT THE UPDATE:

Appendicitis, Adult

TITLE A Practical Score for the Early Diagnosis of Acute
Appendicitis.

AUTHOR Alvarado A.
CITATION Ann Emerg Med. 1986;15(5):557-564.

QUESTION Can the negative appendectomy rate be
reduced without increasing the risk of perforation by
using a practical score?

DESIGN Retrospective chart review to derive a decision
rule based on bayesian statistics.

SETTING One Philadelphia hospital.

PATIENTS Three hundred five patients hospitalized
from January 1975 to December 1976 with abdominal
pain suggestive of appendicitis.

DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD

Two-by-two tables were constructed for each clinical charac-
teristic found with the chart review. The 8 most accurate
characteristics were used in the clinical decision rule (Table
5-7), making it one of the simplest rules available.

MAIN OUTCOME MEASURES

Appendicitis was diagnosed when pathologically proven. No
appendicitis was defined as a normal appendicitis discovered at
operation or resolution of pain without surgery. The length of
follow-up of the nonsurgical patients was not defined.

MAIN RESULTS
See Table 5-8.

CONCLUSIONS
LEVEL OF EVIDENCE Level 4.

STRENGTHS Although the level of evidence of this study is
low, this study is noteworthy because of its early appearance
in the literature and its wide acceptance.

Table 5-7 The Alvarado Scoring System (MANTRELS Mnemonic)

Variable Score?

Migration

Anorexia-acetone

Nausea-vomiting

Tenderness in RLQ

Rebound pain

Elevation of temperature

Leukocytosis

G Iy NG G S N G ) (g

Shift to the left

Total

—
o

Abbreviation: RLQ, right lower quadrant.
A score of 7 or higher requires operation.

Table 5-8 Likelihood Ratios for the Alvarado Score

LR+ LR- DOR
Test Sensitivity Specificity  (95% Cl) (95%Cl)  (95% Cl)

Alvarado 0.81 0.74 3.1 0.25 12
score (>7) (2.2-5.00 (0.21-0.35)  (6.0-25)

Abbreviations: Cl, confidence interval; DOR, diagnostic odds ratio; LR+, positive like-
lihood ratio; LR—, negative likelihood ratio.

WEAKNESSES This study’s retrospective design is a weak-
ness, but it has much face validity. This study has been vali-
dated in several later studies.!

REFERENCES FOR THE EVIDENCE

1. Saidi HS, Chavda SK. Use of a modified Alvarado score in the diagnosis
of acute appendicitis. East Afr Med J. 2003;80(8):411-414.

2. Saidi RE, Ghasemi M. Role of Alvarado score in diagnosis and treatment
of suspected acute appendicitis. Am J Emerg Med. 2000;18(2):230-231.

3. Kalan M, Talbot D, Cunliffe WJ, Rich AJ. Evaluation of the modified
Alvarado score in the diagnosis of acute appendicitis: a prospective study.
Ann R Coll Surg Engl. 1994;76(6):418-419.

Reviewed by James Wagner, MD
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TITLE Sex-Specific Diagnostic Scores for Acute Appen-
dicitis.

AUTHORS Eskelinen M, Tkonen J, Lipponen P.
CITATION Scand ] Gastroenterol. 1994;29(1):59-66.

QUESTION Can the diagnosis of acute appendicitis in
women and men with acute abdominal pain be improved

patients with a DS above —0.48 should have surgery, and
patients with DS values between —2.00 and —0.48 were con-
sidered nondefined. That is, they required follow-up before
the decision to operate or not was made.

Table 5-9 The Scoring System for Men

; X . Variable Indicator Score
by using computer-based diagnostic scores?
Constant ~7.69
DESIGN This was prospective derivation of a clinical Previous abdominal surgery Yes 0
decision rule from a convenience sample of patients with No 188
a standardized data collection sheet. The rule was derived . . . :

. .. . .. . . Pain at diagnosis RLQ 1.3
using logistic stepwise multivariate regression analysis. Other 0
SETTING Two Finnish hospitals. Fever >37.1°C 1.05

<37.1°C 0
PATIENTS A total of 1333 patients with acute abdomi-
) X . . Tenderness RLQ 1.97
nal pain of less than 7 days’ duration who were admitted
. . . Other 0
to one of the 2 study hospitals during a 6-year period.
Rebound tenderness Yes 1.61
No 0
DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD  Guarding Yes 1.14
No 0
Separate clinical decision rules were derived for men and -
. .. .. Rigidity Yes 1.43
women. The scoring system for the clinical decision rule for N i
the men involved 7 indicators (Table 5-9); the scoring system 0
for women involved 5 (Table 5-10). Computers were used in Abbreviation: RLQ, right lower quadrant.
this study to take the data entered from a standardized form
and calculate the discriminate score (DS) and compare it
with the diagnostic standard.
Table 5-10 The Scoring System for Women
Variable Indicator Score
MAIN OUTCOME MEASURES
. . . Constant —7.22
T-h§ PS was compared with a dlagnosu'c standard: appen- Pain at diagnosis RLQ 133
dicitis was defined as that pathologically proven. No Other 0
appendicitis was defined as a normal appendicitis discov-
. ] : q Tenderness RLQ 2.98
ered at operation or resolution of pain without surgery.
The length of follow-up of the nonsurgical patients was Otier 0
it dleEmedl. Renal tenderness Yes 0
No 0.88
Guarding Yes 2.08
MAIN RESULTS No 0
Several computer models and cutoffs were analyzed; the cut- i T\TS 2'35
off for the results reported in Table 5-11 was as follows. 0
Patients with DS values below —2.00 should not have surgery, Abbreviation: RLQ, right lower quadrant.
Table 5-11 Results of the Study
Test Sensitivity Specificity LR+ (95% Cl) LR- (95% Cl) DOR (95% Cl)
Men 0.95 0.89 0.05 163
Women 0.93 0.92 0.07 163
Total 0.94 0.91 10 (9.3-12) 0.06 (0.05-0.10) 164 (93-287)

Abbreviations: Cl, confidence interval; DOR, diagnostic odds ratio; LR+, positive likelihood ratio; LR—, negative likelihood ratio.



CONCLUSIONS
LEVEL OF EVIDENCE Levels 2 and 3.

STRENGTHS This study had a large sample size. A stan-
dardized form was used to record all clinical data.

LIMITATIONS This study used convenience sampling of
patients that was described by the authors as “although not
entirely consecutive, the series was collected by the same sur-
geon with regard to data collection and comprised a repre-
sentative and unselected sample.”

The clinical decision rule was not validated in the original
report. It has since been validated on an even larger sample of
patients'; the results were less impressive but still indicated
significant power of this scoring system.

REFERENCE FOR THE EVIDENCE

1. Zielke A, Sitter H, Rampp T, Bohrer T, Rothmund M. Clinical decision-
making, ultrasonography, and scores for evaluation of suspected acute
appendicitis. World ] Surg. 2001;25(5):578-584.

Reviewed by James M. Wagner, MD

TITLE Diagnostic Decision Support in Suspected
Acute Appendicitis: Validation of a Simplified Scoring
System.

AUTHORS Fenyo G, Lindberg G, Blind P, Enochsson L,
Oberg A.

CITATION Eur ] Surg. 1997;163(11):831-838.

QUESTION Can a scoring system for the diagnosis of
appendicitis be validated?

DESIGN Prospective validation of previously derived
decision rule.

SETTING One Swedish county district hospital and 1
university hospital. One center accounted for 86% of the
patients. The authors state that “virtually all” patients in
that center were enrolled. At the second center that
enrolled a minority of patients, only 60% of the poten-
tially eligible patients were enrolled.

PATIENTS A total of 1167 patients with suspected
appendicitis, that is, patients who had not previously had
an appendectomy and who presented with pain, tender-
ness, or both in the right lower quadrant (RLQ).

DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD

The scoring system validated in this study has been used rou-
tinely in the 2 hospitals involved in this study. A pocket chart
with 10 variables and their associated scores was carried by

CHAPTER 5 Appendicitis, Adult

clinicians (Table 5-12); scores suggest “consider operation,”
« : : . » « .
observe with repeated examinations,” or “observation or
discharge of the patient.”

MAIN OUTCOME MEASURES

The diagnostic standard was positive for histologically
proven appendicitis and negative for histologically disproven
appendicitis or the resolution of symptoms without opera-
tion. A positive result was defined as a score of —2 or more.

MAIN RESULTS
See Tables 5-13, 5-14, 5-15, and 5-16.

Table 5-12 Scoring System

Variable Indicator Score
Constant (apply to all patients as the -10
starting point)
Sex Male +8
Female -8
White blood cell count (per pL) >14000 +15
9000-13900 +2
<8900 -15
Duration of pain, h <24 +3
24-48 0
>48 -12
Progression of pain Yes +3
No —4
Relocation of pain Yes +7
No =9
Vomiting Yes +7
No =5
Aggravation by coughing Yes +4
No —11
Rebound tenderness Yes +5
No —10
Rigidity Yes +15
No —4
Tenderness outside RLQ Yes —6
No +4

Abbreviation: RLQ, right lower quadrant.

Table 5-13 Probability of Appendicitis According to Score

Probability of

Appendicitis Recommended Strategy
—2 0r greater >(.45 Consider operation
-3t0-16 0.44-0.17 Observe with repeated examination
—17 or less <0.17 Observe or discharge to home

E5-3
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Table 5-14 Univariate Results

Table 5-16 Serial LRs for the Recommended Cut Points

LR+ (95% CI) LR- (95% Cl) Score LR (95% ClI) for Appendicitis
Male (n = 531) 1.6(1.4-1.7) —2 or greater 6.0 (4.9-7.2)
Female (n = 636) 0.66 (0.58-0.75) -3t0-16 0.59 (0.42-0.84)
White blood cell count (per pL) —17 or less 0.26 (0.21-0.32)

>14000 3.1 (2.5-3.9)

9000-13900 1.3 (1.1-1.5)

<8900 0.16 (0.11-0.22)
Duration of pain, h

<24 1.4 (1.2-1.5)

24-48 1.1 (0.78-1.5)

>48 0.39 (0.30-0.51)
Progression of pain 1.3(1.2-1.5) 0.57 (0.47-0.68)
Relocation of pain 2.2 (2.0-2.6) 0.46 (0.40-0.54)
Vomiting 1.7 (1.4-1.9) 0.74 (0.66-0.82)
Aggravation by coughing 1.5(1.4-1.6) 0.35 (0.28-0.45)
Rebound tenderness 1.8(1.6-1.9) 0.38 (0.31-0.46)
Rigidity 2.8 (2.3-3.5) 0.70 (0.64-0.76)
Tenderness outside RLQ 0.67 (0.58-0.77) 1.4 (1.3-1.6)

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative
likelihood ratio; RLQ, right lower quadrant.
aSerial likelihood ratios are reported for results on an ordinal scale.

The overall accuracy from the receiver operating charac-
teristic curve for the multivariate model was 0.89 for the cen-
ter with consecutive enrollment vs 0.83 for the center that did
not capture all eligible patients.

Using the model with a cut point of —2 or greater, as pre-
sented by the authors, produces a likelihood ratio (LR) of 5.6
(95% confidence interval [CI], 4.6-6.8) for a score of —2 or
greater; when the score is less than —2, the LR is 0.31 (95%
CI, 0.26-0.37).

CONCLUSIONS
LEVEL OF EVIDENCE  Level 3.

STRENGTHS This study had a large sample size, and it
used a standardized form on which all clinical data were

Table 5-15 Multivariate Results for a Score of —2 or Greater as a
Function of Sex

LR+ LR- DOR

Test  Sensitivity Specificity  (95% CI) (95% Cl)  (95% Cl)

Men 0.80 079  38(3.1-48) 024 16(10-24)
(0.18-0.31)

Women  0.61 093 886212 042  21(13-34)
(0.34-0.51)

Abbreviations: Cl, confidence interval; DOR, diagnostic odds ratio; LR+, positive
likelihood ratio; LR—, negative likelihood ratio.

Abbreviations: Cl, confidence interval; LR, likelihood ratio.

recorded. The study reports a clinical decision rule that was
derived and validated with good technique.

LIMITATIONS This study reported the results from 2 cen-
ters. Most patients enrolled in the study were reported as
being “consecutive.” It is difficult to assess the effect of non-
consecutive enrollment at the second hospital, which
accounted for approximately 15% of the patients. However,
because the overall accuracy of the score at the hospital with
nonconsecutive patients was slightly worse (83% vs 89%), it
is likely that the findings underestimate the true accuracy.

None of the individual clinical findings had values dis-
tinctly different from 1, allowing the clinician the opportu-
nity to reliably rule in appendicitis. A variable with good
measurement properties that decreased the likelihood of
appendicitis was a normal white blood cell count (<8900/
pL), with an LR of 0.16.

The investigators’ goal was to compare the predicted prob-
ability of a score by using the clinical variables with the actual
outcomes. The authors recommend a cut point of -2 or
greater as suggesting the need for surgery and a value —17 or
less as appropriate for discharging a patient home without
observation and a repeated examination. The data are pre-
sented in a fashion that allows clinicians to calculate the LR
for the 3 levels of appendicitis scores. The serial LRs perform
better than the dichotomous LR and match the clinical rec-
ommendations for the different levels of LRs.

Reviewed by James M. Wagner, MD



TITLE Diagnostic Scores for Acute Appendicitis.

AUTHORS Ohmann C, Yang O, Franke C, and the
Abdominal Pain Study Group.

CITATION Eur J Surg. 1995;161(4):273-281.

QUESTION Which of 10 predictive scores used in the
diagnosis of acute appendicitis are most valuable?

DESIGN Multicenter prospective collection of 25 vari-
ables from the medical history and 20 from the physical
examination.

SETTING Six German hospitals.

PATIENTS A total of 1254 consecutive patients with
acute abdominal pain of less than 1 week’s duration,
excluding patients with trauma or postsurgical pain.

DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD

The 10 tests evaluated were the Lindberg et al,! Eskelinen et al,?
Alvarado,’® Fenyo,* Izbicki et al,> Christian and Christian,® van
Way et al,” Teicher et al,! Arnbjornsson,’ and De Dombal'
scores. These scores were grouped according to the population
in which the score was intended for use (Table 5-17). Group A
(Lindberg and Eskelinen scores) contained scores intended for
use with a population with acute abdominal pain. Group B
(Alvarado, Fenyo, Izbicki, and Christian scores) scores were
intended for use on patients suspected of having appendicitis.
Group C (van Way, Teicher, and Arnbjornsson scores) scores
were derived from patients who had appendicitis. Group D (De
Dombal) were scores intended for use with any patient with
abdominal pain, but the diagnosis of interest was “nonspecific
abdominal pain”; that is, instead of diagnosing appendicitis, it
“diagnoses” pain in which surgical intervention is unnecessary.

CHAPTER 5 Appendicitis, Adult

Appendicitis was diagnosed when confirmed by pathology
specimens. “No appendicitis” was defined as a normal appen-
dix discovered at operation or resolution of pain without sur-
gery. Patients not receiving operation were followed by
telephone interview for a length of time that was undefined.

MAIN OUTCOME MEASURES

The collected data were used to calculate the 10 predictive
scores. Patients were retrospectively assigned to outcomes
that would have resulted from management that followed the
score’s suggestion. A 15% negative appendectomy rate is
accepted as standard of care, so a score that resulted in
assignments of patients leading to more than 15% was
deemed unacceptable. This was done to define a minimally
acceptable performance of a score.

There were 4 such criteria used for comparing outcomes from
the 10 scores: (1) “[i]nitial negative appendicectomy [sic] rate”
(defined as proportion of patients who did not have acute appen-
dicitis who were assigned to the operation group), (2) “[p]oten-
tial perforation rate” (defined as proportion of patients
with acute appendicitis not assigned to the operation
group), (3) “[i]nitial missed perforation rate” (defined as pro-
portion of patients with perforated appendicitis not assigned to
the operation group), and (4) “[ml]issed appendicitis rate”
(defined as the proportion of patients with acute appendicitis
who were assigned to the exclusion group).

MAIN RESULTS

The prevalence of appendicitis in this study was 17%.

None of the tested scores fulfilled the criterion for an
acceptable score since all had high missed appendicitis rates
(Table 5-17). By calculation of sensitivity and specificity from
the data provided in the study, it appears that there was a

Table 5-17 Clinical Outcomes That Would Have Accrued From Management Guided by the Scores

Initial Negative

Group Score Appendectomy Rate, %  Potential Perforation Rate, % Initial Missed Perforation Rate, % Missed Appendicitis Rate, %
A Lindberg? 58 58 56 30
Eskelinen? 30 30 63 61
B Alvarado® 29 29 76 65
Fenyo* 25 25 76 57
zbicki® 47 49 38 17
Christian® 42 42 69 57
G van Way’ 12 12 27 15
Teicher® 40 11 21 o
Arnbjornsson® 13 13 10 15
D De Dombal™ 39 39 82 76
Standard 15 85 15 5
Clinicians  Initial 52 11 16 11
Actual 8 33 44 0

éEllipsis indicates data not available.
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deflation of the sensitivity and inflation of the specificity in
this study compared with the other attempts at validating
these data, which suggests a referral bias in this or the ana-
lyzed studies. The initial diagnostic accuracy of the clinicians
also did not perform at a minimally acceptable level.

Despite the disappointing performance of the scores, the
investigators reported the performance of each score com-
pared with one another. After applying each score to the
entire database of patients presenting with abdominal pain
(not just the populations for which the scores were intended
or derived), the investigators recommended further testing of
2 scores in patients with abdominal pain or suspected of hav-
ing appendicitis: the Alvarado and Eskelinen scores. The
investigators also report the variables used most frequently:
site and duration of pain, site of tenderness, rebound tender-
ness, and white blood cell count.

CONCLUSIONS
LEVEL OF EVIDENCE Level 1.

STRENGTHS This was an unprecedented, prospective,
multicenter study that compared 10 clinical prediction rules
for appendicitis on a single, large population at several Ger-
man hospitals. The methods were fairly well described, and
the criteria against which all rules were compared seemed
thoughtful.

WEAKNESSES The clinical database used in this study
contained most, but not all, of the clinical criteria used in
each clinical prediction rule. This was a complex study, and
its description and tables were somewhat confusing. The
division of studies into groups A and B was based on subjec-
tive data and seemed arbitrary. The included studies typically
did not explain the difference between “acute abdominal
pain” and “suspected appendicitis.” The data reported most
thoroughly were those analyzed by groups; perhaps the most
useful data presented were in the text, where groups A and B
were compared on the same population.

The performance of each of the rules was surprising. The
investigators provide several suggestions to explain the poor
performance, mainly positive bias of the original studies and
geographic differences in patient characteristics. Beyond
what was explored in the discussion, the difference between
the initial and actual treatment plan may explain the poor
performance of the scores. Given time, the patient may lose
symptoms or signs and therefore exhibit a lower score than
initially recorded.

Nonetheless, it appears that the Alvarado and Eskelinen
scores are the best clinical decision rules for appendicitis in
patients with abdominal pain. This judgment is based on the
practicality of the score and the use of the most powerful
individual findings. In addition, the Alvarado rule is the old-
est rule most familiar to clinicians and is the simplest to
implement.

REFERENCES FOR THE EVIDENCE
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CHAPTER

Does This Patient Have
Ascites?

How to Divine Fluid in the Abdomen

John W. Williams, Jr, MD
David L. Simel, MD, MHS

CLINICAL SCENARIOS

In each of the following cases, the clinician will need to
determine whether the patient has ascites.

CASE 1 A 44-year-old man with cirrhosis is admitted
with fever but has no obvious source of infection.

CASE 2 A 57-year-old woman presents with an adnexal
mass and recent weight gain but otherwise feels well.

CASE 3 A 65-year-old man with a history of myocardial
infarction is admitted for decreased exercise tolerance,
increased abdominal girth, and ankle edema.

WHY IS THIS AN IMPORTANT QUESTION TO
ANSWER WITH A CLINICAL EXAMINATION?

Free fluid in the abdominal cavity is ascites. Ascites may have
important diagnostic, prognostic, and therapeutic implica-
tions. When clinically detectable, ascites may indicate under-
lying heart failure, liver disease, nephrotic syndrome, or
malignancy. In patients with liver disease, ascites has prog-
nostic significance because operative mortality is increased
and overall survival is decreased; ascites may also signal
metastases in patients with malignancy.! Although patients
with small amounts of ascites do not generally require spe-
cific therapy, patients with larger amounts of ascites may
require intervention to relieve symptoms caused by their dis-
tended abdomen. Furthermore, the degree of ascites is useful
in monitoring the efficacy of treatment for the underlying
condition that caused it (eg, monitoring response to chemo-
therapy for malignancy).

The 3 clinical scenarios are specific examples of why ascites
detection is clinically important. For example, ascites detec-
tion in the first patient may lead to the diagnosis of sponta-
neous bacterial peritonitis as the source of the patient’s fever.
If ascites is found by clinical examination, the physician may
be able to proceed directly to abdominal paracentesis with-
out pausing for imaging procedures. In the second patient,
the presence of ascites would heighten the clinician’s suspi-
cion of ovarian carcinoma with peritoneal metastases, imply-
ing a more advanced stage and poorer prognosis. In the third
patient, the finding of ascites may trigger the physician’s con-
sideration of diagnostic possibilities other than severe left-
sided congestive heart failure, such as a pericardial effusion
causing marked signs of right-sided heart failure. Clearly,
clinical determination of the presence or absence of ascites
has the advantages of speed, convenience, and cost savings on
diagnostic imaging.

It is easy to identify large volumes of ascites clinically, but
smaller amounts of ascites are not as obvious. When diag-
nostic confirmation is necessary, paracentesis is the definitive

Copyright © 2009 by the American Medical Association. Click here for terms of use.
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test, although less invasive radiographic procedures are ordi-
narily used to corroborate the clinician’s suspicion. Ultra-
sonography can detect as little as 100 mL of abdominal fluid
and is considered the gold standard for diagnosing ascites.>*
Abdominal computed tomography can also detect small
amounts of fluid but is more expensive. Unfortunately, there
are no general guidelines for correlating small amounts of
ascites observed on ultrasonographic examination or com-
puted tomography with pathophysiologic conditions.

The reference standard for ascites is fluid aspiration by
paracentesis and fluid visualization by ultrasonography or
computed tomography.

Pathophysiology of Ascites

An understanding of the pathophysiologic basis for ascites
facilitates assessment of each patient’s risk by alerting the
examiner to conditions disrupting normal physiology
(Table 6-1). Under physiologic conditions, intravascular
and extravascular hydrostatic and colloid osmotic pres-
sures are balanced, preventing accumulation of extravas-
cular fluid.® Any process disrupting this balance may
precipitate ascites. For example, fibrotic constriction of
the hepatic sinusoids secondary to alcoholic cirrhosis
leads to increased venous hydrostatic pressure and, ulti-
mately, to ascites by forcing lymphatic drainage into the
abdomen through the hepatic capsule.! Cirrhotic patients
with ascites show avid renal retention of sodium and
water, which is an important mechanism for continued
ascites formation.® A second, less important mechanism
for ascites formation is a loss of osmotic pressure because
of inadequate protein synthesis (eg, malnutrition, liver
disease) or protein wasting (eg, the nephrotic syndrome).
Because of protein loss, transudative fluid moves from the

Table 6-1 Pathophysiologic Classification of Ascites?

|. Elevated hydrostatic pressure
A. Cirrhosis
B. Congestive heart failure
C. Constrictive pericarditis
D. Inferior vena cava obstruction
E. Hepatic vein obstruction (Budd-Chiari syndrome)
II. Decreased osmotic pressure
A. Nephrotic syndrome
B. Protein-losing enteropathy
C. Malnutrition
D. Cirrhosis or hepatic insufficiency
Il Fluid production exceeding resorptive capacity
A. Infections
1. Bacterial
2. Tuberculosis
3. Parasitic
B. Neoplasms

*Adapted from Bender.

intravascular space into the abdominal extravascular
space to balance hydrostatic and osmotic forces. Finally,
infection or malignancy in the peritoneum may produce
inflammatory exudates or malignant effusions in the
abdominal extravascular space faster than it can be
absorbed intravascularly.

How to Elicit the Symptoms and Signs of Ascites

A complete evaluation for ascites includes a focused medi-
cal history and physical examination. The examiner
should ask about recent ankle edema, weight gain, or
change in abdominal girth. Other potentially important
items are a history of liver disease or congestive heart fail-
ure. A focused physical examination for ascites includes
(1) inspection for bulging flanks, (2) percussion for flank
dullness, (3) a test for shifting dullness, and (4) a test for a
fluid wave.

Bulging flanks occur when the weight of abdominal free
fluid is sufficient to push the flanks outward. However, it
is sometimes difficult to distinguish bulging flanks caused
by ascites from bulging flanks caused by obesity. One
method for discriminating between the 2 is to test for
flank dullness. With the patient recumbent, gas-filled
loops of bowel will characteristically float on top of asci-
tes, making the percussion note tympanitic at the umbili-
cus and dull beyond the fluid meniscus into the flanks
(Figure 6-1A). The examiner can confirm this pattern by
progressively percussing the abdomen, beginning at the
umbilicus and moving toward the flanks, listening for the
transition from tympany to dullness when the meniscus is
reached.” Having identified and marked the transition
between tympany and dullness, further evidence for asci-
tes can be obtained by testing for shifting dullness. This is
done by rolling the patient away from the examiner and
repeating the percussion. With ascites, the area of dullness
shifts to the dependent side, and the area of tympany
shifts toward the top (Figure 6-1B).

Another potentially useful method for detecting ascites is
testing for a fluid wave. The test is performed by having the
patient, or an assistant, place the medial edges of both hands
firmly down the midline of the abdomen to block transmis-
sion of a wave through subcutaneous fat (Figure 6-2). The
examiner taps one flank sharply while using the fingertips to
feel for an impulse on the opposite flank. When ascites is
present, an impulse may be felt in the receiving hand after a
barely perceptible lag.

Two additional maneuvers, the puddle sign and auscul-
tatory percussion, cannot currently be recommended. The
puddle sign was initially advocated because of its pur-
ported high sensitivity.® However, it is infrequently used
now because it is difficult to perform properly and has low
sensitivity (43%-55%).** A method of auscultatory per-
cussion was described by Guarino," but its precision and
accuracy have not yet been reported. After voiding, the
patient sits or stands so that free fluid gravitates to the pel-
vis, and the examiner places a stethoscope in the midline,
immediately above the pubic crest. Finger-flicking percus-
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Figure 6-1 Percussion Techniques for Detecting Ascites

sion is performed along radial spokes from the subcostal
margin downward toward the pelvis. The percussion note
is initially dull but changes sharply to a loud note at the
border of increased pelvic density. In the absence of ascites,
the border is approximately 4.5 cm above the pelvic crest
(the pelvic baseline). In patients with ascites, free fluid
raises the demarcating border clearly above the pelvic
baseline. When the patient is supine, this clear line of
demarcation is obliterated because the free fluid gravitates
to the flanks.

Although most of the physical examination for ascites
should focus on the abdomen, extra-abdominal signs may

Figure 6-2 Testing for a Fluid Wave

provide evidence for conditions associated with ascites. Phys-
ical findings that may be useful by their presence or absence
include evidence of liver disease (eg, jaundice, spider angio-
mas) or heart disease (eg, cardiac gallop).

ACCURACY OF HISTORY AND
SYMPTOMS FOR ASCITES

We examined the effect of medical history items on the proba-
bility of ascites in male veteran inpatients (Table 6-2). Medical
histories, obtained by internal medicine house staff, were com-
pared with reference standard abdominal ultrasonographic
findings. Positive histories of hepatitis or heart failure gener-
ated likelihood ratios (LRs) of 3.2 and 2.0, respectively. How-
ever, alcoholism (positive LR [LR+], 1.4) or a history of
carcinoma (LR+, 0.91) had little effect on the odds of ascites.

Other questions about the patient’s present illness may be
even more useful. In this same study, the patient’s symptoms
of increased abdominal girth, weight gain, or ankle edema
gave LR+ values of 4.2, 3.2, and 2.8, respectively. The absence
of increased abdominal girth (negative LR [LR-], 0.17) or
ankle swelling (LR—, 0.10) decreased appreciably the diag-
nostic likelihood of ascites. For example, in a patient with a
low pretest probability of ascites (<20%), the absence of
recent ankle edema decreases the probability of ascites to less
than 2.5%. Clearly, the patient’s medical history and current
symptoms are valuable for at least 2 reasons. First, certain
items may suggest the presence or absence of ascites. Second,
in patients suspected of having ascites, a focused physical
examination for ascites is needed. The clinical history distin-
guishes patients with high and low probabilities for ascites.
Ascites is unlikely when patients report no increase in
abdominal girth, and ascites is very unlikely in male patients
who report no history of recent ankle swelling.

PRECISION OF THE SIGNS FOR ASCITES

Six gastroenterologists examined 50 hospitalized alcoholic
patients for the presence or absence of ascites. Their overall
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agreement was good (intraclass correlation, 0.75), and it was
excellent among senior physicians (0.95)." In another study,
90 veteran inpatients with evidence of liver disease were
examined by 3 internists for 4 signs of ascites. For each sign,
there was good agreement: presence or absence of abdominal
distention (86%), bulging flanks (79%), shifting dullness
(78%), and detection of prominent fluid waves (76%)."
There is good agreement among physicians on the presence
or absence of traditional signs for ascites.

ACCURACY OF SIGNS FOR ASCITES

Three investigations have compared physical examination
findings for ascites with findings from reference standard
abdominal ultrasonographic examinations.”'** Despite the
various levels of training (internal medicine interns to staff
gastroenterologists), the results were similar in each study
(Table 6-3). There was no single sign for ascites that was both
sensitive and specific. However, flank dullness (=80%) and
bulging flanks (=72%) were sensitive in all studies. Shifting
dullness had a high sensitivity (=83%) in 2 investigations. The
puddle sign, purported to be the most sensitive test for ascites,
performed poorly, yielding at best a sensitivity of 55%. The
absence of a fluid wave was the only sign with a high specificity
(82%-92%) across all studies. Shifting dullness was highly spe-
cific in only 1 study’; results may be inconsistent because of

Table 6-2 Accuracy of the Clinical History?

Historical Item

differences in the study populations (general medical vs
patients with liver disease). To date, no investigator has studied
how to best use these signs in combination.

The clinician must know the pretest probability or preva-
lence of a disease to apply sensitivity and specificity data to
an individual patient. The LRs for the physical examination
signs from the 3 studies are displayed in Table 6-4. We com-
bined the study results according to the number of unique
patients in each study to yield pooled sensitivity, specificity,
and LRs (Table 6-5). The finding of a fluid wave, shifting
dullness, or peripheral edema increased the likelihood of
ascites the most. The absence of bulging flanks, flank dull-
ness, shifting dullness, or peripheral edema decreased the
likelihood of ascites the most.

Finally, is the whole greater than the sum of the parts? Is
an examiner’s overall clinical impression more accurate
than individual signs or symptoms of ascites? Two studies
evaluated the accuracy of the overall clinical assessment for
ascites. In the study by Cattau et al'* of patients who were
referred because their physicians were unsure about the
presence of ascites, the examiners correctly determined the
presence or absence of ascites in only 56% of patients in this
most difficult clinical scenario. In the study by Simel et al,’
examiners categorized the probability of ascites as high,
intermediate, or low. Examiners at all levels of training
(intern through chief resident) were accurate when assign-
ing a high probability of ascites (LR+, 38-83) but were less
accurate at low probability of ascites (LR—, 0.77-0.87).
Apparently, a high probability of ascites in hospitalized
patients was sufficient to make the diagnosis, but a low
probability was not enough to rule out ascites. This rule
may not apply for outpatients.

or Symptom Sensitivity - Specifici LR+ LR-
yme Y 5 Y The following suggestions should guide clinical teaching
Increased girth 0.87 0.77 4.2 0.17 and performance of the clinical examination for detecting
Recent weight gain 0.67 0.79 3.2 0.42 ascites:
Hepatitis 0.27 0.92 3.2 0.80 . . . .
P , 1. The most useful findings for ruling out ascites are no his-
Ankle swelling 0.93 0.66 2.8 0.10 . . . .
: tory of ankle swelling or increased abdominal girth and
Heart failure 0.47 0.73 2.0 0.73 the inability to demonstrate bulging flanks, flank dullness,
Alcoholism 060 058 14 069 or shifting dullness.
History of carcinoma 0.13 0.85 0.91 1.0 2. The most powerful findings for making the diagnosis of

Abbreviations: LR+, positive likelihood ratio; LR—, negative likelihood ratio.
¢Adapted from Simel et al.®

ascites are a positive fluid wave result, shifting dullness, or
peripheral edema.

Table 6-3 Sensitivity and Specificity of the Physical Examination for Ascites

Sensitivity Specificity
Sign Cummings et al'® Simel et al® Cattau et al' Cummings et al® Simel et al® Cattau et al'®
Flank dullness NA 0.80 0.94 NA 0.69 0.29
Bulging flanks 0.72 0.93 0.78 0.70 0.54 0.44
Shifting dullness 0.88 0.60 0.83 0.56 0.90 0.56
Fluid wave 0.53 0.80 0.50 0.90 0.92 0.82
Puddle sign NA 0.43 0.55 NA 0.83 0.51

Abbreviation: NA, not available.
“Test for heterogeneity suggests these values are significantly better across studies (P < .01).
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Table 6-4 Likelihood Ratios for the Physical Examination for Ascites?
LR+ LR-

Sign Cummings et al’® Simel et al Cattau et al' Cummings et al*® Simel et al° Cattau et al'
Bulging flanks 24 2.0 1.4 0.4 0.1 0.5

Flank dullness NA 2.6 1.3 NA 0.3 0.2

Shifting dullness 2.0 5.8 19 0.2 0.5 0.4

Fluid wave 53 9.6 2.8 0.5 0.2 0.6

Puddle sign NA 2.6 1.1 NA 0.7 0.9
Peripheral edema NA 3.8 NA NA 0.2 NA

Abbreviations: LR+, positive likelihood ratio; LR—, negative likelihood ratio; NA, not available.
sExaminers were board-certified general internists in the study by Cummings et al, ™ internal medicine house staff in that by Simel et al,® and staff gastroenterologists in that by

Cattau et al.’

Table 6-5 Pooled Results of Physical Examination Studies

Physical Sign LR+ (95% Cl) LR- (95% CI) Sensitivity (95% Cl) Specificity (95% Cl)
Bulging flanks 2.0 (1.5-2.6) 0.3 (0.2-0.6) 0.81 (0.69-0.93) 0.59 (0.50-0.68)
Flank dullness 2.0 (1.5-2.9) 0.3(0.1-0.7) 0.84 (0.68-1.00) 0.59 (0.47-0.71)
Shifting dullness 2.7(1.9-39) 0.3 (0.2-0.6) 0.77 (0.64-0.90) 0.72 (0.63-0.81)
Fluid wave 6.0 3.3-11) 0.4 (0.3-0.6) 0.62 (0.47-0.77) 0.90 (0.84-0.96)
Puddle sign 1.6 (0.8-3.4) 0.8(0.5-1.2) 0.45 (0.20-0.70) 0.73 (0.61-0.85)

Abbreviations: Cl, confidence interval; LR+ positive likelihood ratio; LR—, negative likelihood ratio.

3. The puddle sign is difficult to perform, uncomfortable for
patients, and not sensitive to small amounts of ascites. It
should not be performed.
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CLINICAL SCENARIO

A 48-year-old man became intoxicated and fell down sev-
eral steps. He presents to the emergency department with a
normal blood pressure despite some abdominal pain. He
has been a moderate to heavy drinker since his teenage
years. Your examination reveals mild, diffuse abdominal
discomfort and a bruise on the flank where he fell. There is
bilateral ankle edema. You cannot appreciate a fluid wave,
although the flanks seem to bulge.

UPDATED SUMMARY ON ASCITES

Original Review

Williams JW Jr, Simel DL. Does this patient have ascites? how
to divine fluid in the abdomen. JAMA. 1992;267(19):2645-
2648.

UPDATED LITERATURE SEARCH

Our literature search used the parent search strategy for the
Rational Clinical Examination series, combined with the sub-
ject “exp ascites” published in English from 1991 to 2004. The
results yielded 118 titles, for which we reviewed the titles and
abstracts. Only 1 article evaluated the clinical signs for ascites
in a general clinical population.

NEW FINDINGS

+ The accepted reference standard (ultrasonography) detects
peritoneal fluid in smaller amounts than could ever be
detected by clinical examination.

+ The presence of a fluid wave or shifting dullness is con-
firmed as the most useful finding. Because the reference
standard detects such small amounts of ascites, the absence
of any physical examination finding does not reliably
exclude the presence of peritoneal fluid.

IMPROVEMENTS IN THE DATA PRESENTED
IN THE ORIGINAL PUBLICATION

A reappraisal of the original publication showed that confi-
dence intervals (Cls) around the symptoms we reported

UPDATE: Ascites

Prepared by David L. Simel, MD, MHS
Reviewed by Rose Hatala, MD, and David Edelman, MD

would help display their potential importance. We added ClIs
to this update.

CHANGES IN THE REFERENCE STANDARD

Ascites refers to abnormally large collections of peritoneal
fluid. Studies now confirm that very small amounts of fluid
can be detected by transabdominal ultrasonography! or endo-
scopic ultrasonography.? However, there are no defined cut
points at which the presence of small amounts of peritoneal
fluid detected by imaging procedures meets a standard of asci-
tes. All the studies in the original review and subsequent stud-
ies consider any amount of peritoneal fluid as “ascites.”

RESULTS OF LITERATURE REVIEW

Since the original review was published, no additional stud-
ies have evaluated a patient’s symptoms for ascites or combi-
nations of symptoms and signs. The information about
symptoms suggesting ascites comes from 1 study (Table 6-6).
The finding of auscultatory percussion was evaluated, but
the CIs around both the positive likelihood ratio and nega-
tive likelihood ratio include 1, suggesting that it is not a use-
ful maneuver.

An additional study’ in a selected population of thin
patients validated the presence of the fluid wave as the most
useful finding from the clinical examination (Table 6-7).
All published studies counted the presence of any fluid on
ultrasonography as “positive”; this rigorous reference stan-
dard would, not surprisingly, demonstrate that the physi-
cal findings fail frequently in proving the absence of small

Table 6-6 Results for Symptoms of Ascites

Symptoms

(1 Study, 64 Patients) LR+ (95% CI) LR- (95% ClI)
Increased girth 4.1 (2.3-7.4) 0.17 (0.05-0.62)
Recent weight gain 3.2(1.7-6.2) 0.42 (0.20-0.87)
Ankle swelling 2.8 (1.8-4.3) 0.10 (0.01-0.67)

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative
likelihood ratio.
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Table 6-7 Pooled Results for the Physical Signs for Ascites

Physical Sign LR+ (95% CI) LR- (95% ClI)

Fluid wave 5.3 (2.9-9.5) 0.57 (0.38-0.85)
(4 studies, 372 patients)

Peripheral edema 3.8 (2.2-6.8) 0.17 (0.05-0.50)
(1 study, 63 patients)

Shifting dullness 2.1 (1.6-2.9 0.40 (0.21-0.78)
(4 studies, 372 patients)

Bulging flanks 1.8 (1.4-2.5) 0.48 (0.28-0.83)
(4 studies, 372 patients)

Flank dullness 1.7 (1.0-2.7) 0.44 (0.20-1.0)

(3 studies, 192 patients)

Puddle sign
(3 studies, 172 patients)

Auscultatory percussion
(1 study, 66 patients)

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative
likelihood ratio.

1.3 (0.93-2.00) 0.79 (0.59-1.1)

1.3 (0.85-2.00) 0.71 (0.39-1.3)

amounts of fluid. This standard may also be why the pres-
ence of peripheral edema (evaluated in only 1 study), which
is easier to detect than ascites and is a marker for extracellu-
lar fluid, may be both sensitive and specific for the presence
of peritoneal fluid detected by ultrasonography. On the other
hand, when the signs for ascites are absent, the lower bounds
of the CIs suggest that physicians may be able to rule out
large amounts of ascites.

We feel confident that the puddle sign and auscultatory
percussion are not useful.

Given the low pretest probability of ascites in the general
population, patients should not be evaluated for ascites

during a routine physical examination. When it is impor-
tant to detect smaller amounts of peritoneal fluid, radio-
logic images will be necessary because the clinical
examination will not be useful, which is especially impor-
tant when evaluating for ovarian carcinoma (or other
abdominal malignancies) and for patients with blunt
abdominal trauma when the clinical significance of missing
a small amount of peritoneal fluid is high.

EVIDENCE FROM GUIDELINES

No guidelines advocate for the routine assessment of ascites.

CLINICAL SCENARIO—RESOLUTION

Alcoholism alone does not appreciably change the likeli-
hood of ascites (likelihood ratio, 1.4). If the baseline prev-
alence of ascites in general medical patients is 5%, a
diagnosis of alcoholism increases the probability to only
7%. The patient in the scenario could have preexisting
ascites from cirrhosis, but he could also have hemoperito-
neum from the fall. Unfortunately, none of the symptoms
or signs of ascites have been evaluated well for their utility
during blunt trauma. The presence of peripheral edema is
a useful finding when present (suggesting ascites) or when
absent (suggesting no ascites). You decide you need to
know for certain whether the patient has a hemoperito-
neum, so you must proceed to additional testing such as
ultrasonography, diagnostic peritoneal lavage, or com-
puted tomography.*
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ASCITES—MAKE THE DIAGNOSIS

During the general physical examination, patients should
not be evaluated for ascites. When it is important to detect
smaller amounts of peritoneal fluid, radiologic images
will be necessary because the clinical examination will not
be useful, which is especially important when evaluating
for abdominal malignancies or for patients with blunt
abdominal trauma.

PRIOR PROBABILITY

The prevalence of ascites in an unselected population is
low, likely on the order of less than 1% (expert opinion).

The prevalence of ascites among general medical
patients will be slightly higher, but still less than 5%
(expert opinion).

POPULATION FOR WHOM THE SYMPTOMS
AND SIGNS SHOULD BE EVALUATED

+ Cirrhosis
+ Congestive heart failure
+ Constrictive pericarditis

+ Nephrotic syndrome

« Malnutrition, chronic diarrhea

+ Neoplastic disorders (any peritoneal fluid might be
important)

+ Systemic infectious diseases

+ Blunt abdominal trauma (any peritoneal fluid might be
important)

Table 6-8 Symptoms of Ascites

LR (95% ClI)
Make Ascites More Likely
Increased abdominal girth 4.1 (2.3-4.7)
Recent weight gain 3.2(1.7-6.2)
Ankle swelling 2.8(1.8-4.3)
Make Ascites Less Likely

No ankle swelling
No increase in abdominal girth
No recent weight gain

0.10 (0.01-0.67)
0.17 (0.05-0.62)
0.42 (0.20-0.87)

Abbreviations: Cl, confidence interval; LR, likelihood ratio.

Table 6-9 Signs for Ascites

LR (95% Cl)
Fluid wave 5.3(2.9-9.5)
Shifting dullness 2.1(1.6-2.9

Abbreviations: Cl, confidence interval; LR, likelihood ratio.

The absence of findings does not rule out the presence of
smaller amounts of peritoneal fluid. See Tables 6-8 and 6-9.

REFERENCE STANDARD TESTS

+ Ultrasonography
+ Computed tomography

+ Diagnostic paracentesis
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EVIDENCE TO SUPPORT THE UPDATE:

Ascites

TITLE Accuracy of Clinical Maneuvers in Detection of
Minimal Ascites.

AUTHORS Chongtham DS, Singh MM, Kalantri SP,
Pathak S, Jain AP.

CITATION Indian ] Med Sci. 1998;52(11):514-520.

QUESTION How well do commonly used maneuvers for
detecting ascites work on a general medical ward?

DESIGN One examiner identified patients for study,
whereas a second examiner performed the maneuvers
on all enrolled patients. An ultrasonographer, blinded
to the findings, identified all patients with any degree of
ascites.

SETTING Medical ward in India.

PATIENTS A total of 66 patients admitted to a ward for
cardiac, hepatic, renal, nutritional, infectious, or neoplas-
tic disorders. Those with a history of ascites, paracentesis,
or “evidence of ascites from history” were excluded. These
were thin patients by western standards, with a mean
weight of about 49 kg (108 1b) for men and 46 kg (101 Ib)
for women (there was no difference in the weight of those
with vs those without ascites).

DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD

An examiner, blinded to the entrance criteria, evaluated each
patient. The ultrasonographer was blinded to the entrance
criteria and clinical findings.

MAIN OUTCOME MEASURES

Sensitivity, specificity, and likelihood ratios.

MAIN RESULTS
See Table 6-10.

Table 6-10 Likelihood Ratios for Signs of Ascites?

Test Sensitivity Specificity LR+ (95% Cl)  LR—(95% Cl)
Bulging 0.51 0.64 1.4(0.79-25) 0.75(0.49-1.1)
flanks

Flank dull- 0.57 0.61 1.5(0.88-2.5)  0.70 (0.44-1.1)
ness

Shifting dull- 0.46 0.74 1.8(0.9-3.6) 0.73(0.51-1.0)
ness

Fluid wave 0.20 100 13(0.79-224)  0.80 (0.67-0.95)
Puddle sign 0.46 0.68 1.4(0.75-2.6) 0.80(0.54-1.2)
Auscultatory 0.66 0.48 2.0(0.86-2.0)  0.71(0.40-1.3)
percussion

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative
likelihood ratio.
aThe authors observed that most of the patients had “minimal” ascites.

CONCLUSION

LEVEL OF EVIDENCE Level 2.

This study was performed with high quality, although it
used only 1 examiner. The results confirm that the presence
of a fluid wave is the best finding in favor of ascites. In addi-
tion, the puddle sign (as in previous studies) and ausculta-
tory percussion have poor discriminative ability.

This study population is unique in that it consisted of patients
different from those in previous studies—these patients have a
small body habitus, creating an expectation that the physical
examination might have yielded better results. On the other
hand, the patients in this study were selected because it was not
obvious whether they had ascites. Furthermore, the definition of
ascites was any peritoneal fluid detected by ultrasonography (as
in previous work), and the authors observed that most of the
patients had minimal ascites. This study confirms that the physi-
cal examination cannot detect small amounts of peritoneal fluid.

Reviewed by David L. Simel, MD, MHS
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CHAPTER

What Can the Medical
History and Physical
Examination Tell Us About
Low Back Pain?

Richard A. Deyo, MD, MPH
James Rainville, MD

Daniel L. Kent, MD

Back pain ranks second only to upper respiratory illness as a
symptomatic reason for office visits to physicians.! Approxi-
mately 70% of adults have low back pain at some time, but
only 14% have an episode that lasts more than 2 weeks. About
1.5% have such episodes with features of sciatica.>® Most
causes of back pain respond to symptomatic and physical mea-
sures, but some are surgically remediable and some are sys-
temic diseases (cancer or disseminated infection) requiring
specific therapy, so careful diagnostic evaluation is important.
Features of the clinical history and physical examination influ-
ence not only therapeutic choices but also decisions about
diagnostic imaging, laboratory testing, and specialist referral.

ANATOMIC/PHYSIOLOGIC ORIGINS OF
FINDINGS IN THE LOW BACK

Low back pain may arise from several structures in the lumbar
spine, including the ligaments that interconnect vertebrae, outer
fibers of the annulus fibrosus, facet joints, vertebral periosteum,
paravertebral musculature and fascia, blood vessels, and spinal
nerve roots. The causes of low back pain generated through
these structures include (1) musculoligamentous injuries;
(2) degenerative changes in the intervertebral disks and facet
joints; (3) herniation of the nucleus pulposus of an interverte-
bral disk, with irritation of adjacent nerve roots; (4) spinal ste-
nosis (narrowing of the central spinal canal or the lateral recesses
of the canal in which the nerve roots travel caudally; this usually
results from hypertrophic degenerative changes in the disks, lig-
amentum flavum, and facet joints); (5) anatomic anomalies of
the spine, such as scoliosis and spondylolisthesis, which are
often asymptomatic but may cause pain when they are severe;
(6) underlying systemic diseases, such as primary or metastatic
cancer, spinal infections, and ankylosing spondylitis; and (7) vis-
ceral diseases unrelated to the spine, including diseases of the
pelvic organs, kidneys, gastrointestinal tract, and aorta (diagno-
sis of which will not be discussed in the present report).

PREVALENCE OF DISEASES THAT
PRODUCE LOW BACK PAIN

Up to 85% of patients cannot be given a definitive diagnosis
because of weak associations among symptoms, pathologic
changes, and imaging results.*> We assume that many of these
cases are related to musculoligamentous injury or degenerative
changes.

Anatomic evidence of a herniated disk is found in 20% to 30%
of imaging tests (myelography, computed tomography [CT], and
magnetic resonance imaging [MRI]) among normal persons.*’
These herniations are asymptomatic and result in no clinical dis-
ease. The proportion of all persons with low back pain who
undergo surgery for a disk herniation is only about 2%.2

In primary care, about 4% of patients with back pain will
prove to have compression fractures, 3% have spondylolisthesis,

Copyright © 2009 by the American Medical Association. Click here for terms of use.
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and only 0.7% have spinal malignant neoplasms (primary or
metastatic).* Even fewer have ankylosing spondylitis (about
0.3%) or spinal infections (0.01%).%'*!> Widespread recognition
of spinal stenosis has occurred only in the last 15 years. It is most
common in older adults, but its prevalence is unknown.
Because a specific cause frequently cannot be identified,
diagnostic efforts are often disappointing. Instead of seeking
a precise cause in every case of back pain, it may be most use-
ful to answer 3 basic questions’ (1) Is there a serious sys-
temic disease causing the pain? (2) Is there neurologic
compromise that might require surgical evaluation? (3) Is
there social or psychological distress that may amplify or
prolong pain? These questions can generally be answered
according to medical history and physical examination alone,
and a minority of patients requires further diagnostic testing.

IS THERE EVIDENCE QOF SYSTEMIC DISEASE?
Cancer

Malignant neoplasm (primary or metastatic) is the most
common systemic disease affecting the spine, although it

accounts for less than 1% of episodes of low back pain.
Approximately 80% of patients with this diagnosis are
older than 50 years (Table 7-1). A history of cancer has
such high specificity (0.98) that such patients should be
considered to have cancer until proven otherwise. How-
ever, only one-third of patients with an underlying malig-
nant neoplasm causing their back pain have a prior cancer
diagnosis (sensitivity, 0.31). Unexplained weight loss, pain
duration greater than 1 month, and failure to improve with
conservative therapy are moderately specific findings. Most
patients with back pain caused by cancer report that pain is
unrelieved by bed rest (sensitivity > 0.90), but the finding
is nonspecific.!’ In a study of nearly 2000 patients with
back pain, no cancer was identified in any patient younger
than 50 years and without a history of cancer, unexplained
weight loss, or a failure of conservative therapy (combined
sensitivity, 100%)."°

The physical examination is less useful than the medical
history for detecting underlying cancer,'’ except in late stages.
Because the breast, lung, and prostate are the most common
sources of spinal metastases, these organs should be exam-
ined when cancer is suspected.

Table 7-1 Estimated Accuracy of the Medical History in the Diagnosis of Spine Diseases Causing Low Back Pain

Diseases to Be Detected Source, Year Medical History Sensitivity  Specificity

Cancer Deyo and Diehl,'© 1988 Age>50y 0.77 0.71
History of cancer 0.31 0.98
Unexplained weight loss 0.15 0.94
Failure to improve with a month of therapy 0.31 0.90
No relief with bed rest >0.90 0.46
Duration of pain > 1 mo 0.50 0.81
Age > 50y orhistory of cancer or unexplained weight loss 1.0 0.60
orfailure of conservative therapy

Spinal osteomyelitis Waldvogel and Vasey,'® 1980 Intravenous drug abuse, urinary tract infection, or skin 0.40 NA
infection

Compression fracture Unpublished data® Age>50y 0.84 0.61
Age =70y 0.22 0.96
Trauma 0.30 0.85
Corticosteroid use 0.06 0.995

Herniated disk Deyo and Tsui-Wu,2 1987; Sciatica 0.95 0.88

Spangfort,”” 1972

Spinal stenosis Turner et al,’® 1992 Pseudoclaudication 0.60 NA
Age =50y 0.90° 0.70

Ankylosing spondylitis Gran,”® 1985 4 of 5 positive responses® 0.23 0.82
Age atonset <40y 1.0 0.07
Pain not relieved supine 0.80 0.49
Morning back stiffness 0.64 0.59
Pain duration >3 mo 0.71 0.54

Abbreviation: NA, not available.

From 833 patients with back pain at a walk-in clinic, all of whom received pain lumbar radiographs.

bAuthors’ estimate.

The 5 screening questions were (1) Onset of back discomfort before age 40 years? (2) Did the problem begin slowly? (3) Persistence for at least 3 months? (4) Morning stiff-

ness? and (5) Improved by exercise?



Spinal Infections

Spinal infections usually are blood-borne from other sites,
including urinary tract infections, indwelling urinary cathe-
ters, skin infections, and injection sites for illicit intravenous
drugs. One of these sites is identified in approximately 40%
of patients with spinal infections (sensitivity, 0.40).'°

In patients with spinal infections, the sensitivity of fever is
disappointing, varying from 0.27 for tuberculous osteomy-
elitis to 0.50 for pyogenic osteomyelitis*® and 0.83 for spinal
epidural abscess.?! Because 2% of patients in primary care
with mechanical low back pain have fever (perhaps because
of viral syndromes), specificity for bacterial infection is
approximately 0.98.1° Spine tenderness in response to percus-
sion has a sensitivity of 0.86 for bacterial infection, but speci-
ficity is poor (0.60).192223

Compression Fractures

Although spinal compression fractures are not systemic dis-
eases, they often occur in persons with generalized osteopo-
rosis. Most patients with this problem do not have a history
of identifiable trauma (sensitivity, 0.30). A person with back
pain who is receiving long-term corticosteroid therapy is
considered to have a compression fracture until proven oth-
erwise (specificity, 0.99). Black and Hispanic women have
only one-fourth as many compression fractures as white
women.? As shown in Table 7-1, age greater than 70 years is a
relatively specific finding (specificity, 0.96).

Ankylosing Spondylitis and Spine
Range-of-Motion Measures

Ankylosing spondylitis shares several historical features
with other inflammatory arthropathies, such as rheumatoid
arthritis. Calin et al® described 5 screening questions for
ankylosing spondylitis: (1) Is there morning stiffness? (2) Is
there improvement in discomfort with exercise? (3) Was the
onset of back pain before age 40 years? (4) Did the problem
begin slowly? (5) Has the pain persisted for at least 3
months?

With at least 4 positive answers to define a positive “test”
result, the sensitivity of these questions was 0.95 and specific-
ity was 0.85,% although other authors report lower sensitiv-
ity.!”? When screening for a rare disease such as ankylosing
spondylitis, typically, the predictive value of a positive test is
low. In an industrial screening program, only 16 of 367 per-
sons with positive criteria proved to have ankylosing spondyli-
tis (a predictive value of 0.04).” “Inflammatory” symptoms
(morning stiffness, night pain, and relief with exercise) are
moderately sensitive but nonspecific. All patients with anky-
losing spondylitis in 1 population survey reported symptom
onset before age 40 years, making this history highly sensitive
but nonspecific (Table 7-1)."

Reduced spinal mobility results from fusion of adjacent
vertebrae in this condition. The Schober test, which mea-
sures distraction between 2 marks on the skin during forward
flexion, is a commonly described method for quantifying
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reduced flexion. Although it is moderately reproducible,??
reduced spine flexion is not specific for inflammatory
spondylopathies, being equally common in patients with
chronic back pain or spine tumors.” Reduced chest expan-
sion (using a strict criterion for abnormality, such as expan-
sion < 2.5 cm) is highly specific (0.99) but insensitive in early
ankylosing spondylitis (0.09),"* so that predictive values are
poor.

Tests for sacroiliac joint tenderness (to discriminate anky-
losing spondylitis from mechanical spine conditions) include
a hip extension test, anteroposterior pelvic pressure, lateral
pelvic compression, and direct pressure on the sacroiliac
joints. Unfortunately, these tests are poorly reproducible??!
and inaccurate in distinguishing ankylosing spondylitis from
mechanical spine complaints.’>* Early ankylosing spondylitis
is most often suspected from radiographs obtained because
of persistent pain.

Although spine flexion is of limited diagnostic value, it
may be useful in planning or monitoring physical therapy in
patients with low back pain of any cause.** Range of motion
in multiple directions can be assessed with 2 inclinometers
(used in the construction industry) with good precision.?*
The technique is detailed elsewhere.

IS THERE EVIDENCE OF NEUROLOGIC COMPROMISE?

The spinal cord, cauda equina, and nerve roots are vulnera-
ble to several disorders that cause back pain and sciatica. The
most common of these is a herniated intervertebral disk, but
other causes include nerve root entrapment in the root
canals by bony and ligamentous hypertrophy, spinal stenosis,
spinal or paraspinal infections, and neoplasms. Irritation of
neurologic structures is manifested as motor, reflex, or sen-
sory dysfunction in the lower extremities and (rarely) as
bowel or bladder dysfunction.

The first clue to nerve root irritation is usually sciatica, a
sharp or burning pain radiating down the posterior or lateral
aspect of the leg (usually to the foot or ankle), often associ-
ated with numbness or paresthesia. The pain is sometimes
aggravated by coughing, sneezing, or the Valsalva maneuver.
Among patients with low back pain alone (no sciatica or
neurologic symptoms), the prevalence of neurologic impair-
ments is so low that extensive neurologic evaluation is usu-
ally unnecessary.

Lumbar Disk Herniations

Sciatica has such a high sensitivity (0.95) that its absence
makes a clinically important lumbar disk herniation unlikely.!”%*
Using the accuracy of sciatica in Table 7-1 and a prevalence of
surgically important disk herniations of 2%, we estimate the
likelihood of disk herniation in a patient without sciatica to
be 1 in 1000. Most patients have a long history of recurrent
back pain before the onset of sciatica, but when a frank disk
herniation occurs, leg pain usually overshadows the back
pain. The peak incidence of herniated lumbar disks is in
adults between the ages of 30 and 55 years."”
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A symptomatic disk herniation tethers the affected nerve
root, so pain results from stretching the nerve by straight-leg
raising (SLR) from the supine position. This is performed by
cupping the heel in 1 hand and keeping the knee fully
extended with the other. The straight leg is slowly raised
from the examining table until pain occurs. Tension is trans-
mitted to the nerve roots once the leg is raised beyond 30
degrees, but after 70 degrees, further movement of the nerve
is negligible.* A typical positive SLR sign is one that repro-
duces the patient’s sciatica between 30 degrees and 60 degrees
of leg elevation.!7%73

A related test is the crossed SLR (CSLR) sign. This occurs
when SLR is performed on the patient’s well leg and is found
to elicit pain in the leg with sciatica. The precision of tests for
SLR is shown in Table 7-2.2%! Visual estimation is reason-
ably accurate, but a goniometer or inclinometer improves
interobserver agreement.

Pain on ipsilateral SLR at 60 degrees is moderately sensitive
for herniated lumbar disks but nonspecific, because limitation
is often observed in the absence of disk herniations (Table
7-3).854 CSLR is less sensitive but highly specific.!#444 Thus,
a positive CSLR test result substantially increases the likeli-
hood of a disk herniation, whereas a negative result is of lim-
ited value. The lower the angle of a positive SLR test, the more
specific the test becomes and the larger the disk protrusion
found at surgery.*#

Straight-leg raising is most appropriate for testing the lower
lumbar nerve roots (L5 and S1), where the majority of herni-
ated disks occur. Irritation of higher lumbar roots is tested
with the femoral nerve stretch test (flexing the knee with

patient prone), but the precision and accuracy of this test are
unknown.

Assessment of Motor, Reflex, and Sensory Function

Ninety-eight percent of clinically important lumbar disk
herniations occur at either the L4 to L5 or the L5 to Sl
intervertebral level,'7*4 causing neurologic impairments in
the motor and sensory territories of the L5 and S1 nerve
roots. Thus, the most common neurologic impairments are
weakness of the ankle and great-toe dorsiflexors (L5),
diminished ankle reflexes (S1), and sensory loss in the feet
(L5 and S1)."7#4 In a patient with sciatica, the neurologic
examination can focus on these functions.

Ankle dorsiflexor strength is tested by having the
supine patient dorsiflex the ankle against the examiner’s
resistance. Inability to maintain dorsiflexion against the
examiner should be considered weakness, and the healthy
side should be checked for comparison. This method
shows excellent precision (Table 7-2) and is more repro-
ducible than the patient’s ability to heel stand.”? Ankle
dorsiflexor weakness rarely occurs in isolation and is
nearly always associated with weak toe dorsiflexion, sen-
sory deficits, or impaired reflexes.”® For toe strength, the
supine patient is instructed to maximally dorsiflex the
great toe (“point your big toe at your nose” seems to work
well) and resist the examiner’s effort to flex the toe with 2
fingers.

Ankle reflexes are more difficult to reproduce, and patient
positioning may be important. The side-lying, prone, and

Table 7-2 Reproducibility of Physical Examination Findings

Category Test Unit of Measurement  Interobserver Agreement (Statistic) Source, Year
Tenderness Bone tenderness Yes/No 0.40 (k) McCombe et al,? 1989
Soft-tissue tenderness Yes/No 0.24 () McCombe et al,® 1989
Muscle spasm Yes/No “Discarded:; too unreliable” Waddell et al,*® 1982
SLR Ipsilateral SLR, inclinometer Degrees 0.78-0.97 (r) Hoehler and Tobis,* 1982
Hsieh et al,*' 1983
Ipsilateral SLR goniometer Degrees 0.69(r) McCombe et al,> 1989
SLR causes leg pain Yes/No 0.66 (k) McCombe et al,> 1989
Ipsilateral SLR < 75° by visual estimation Yes/No 0.56 (x) Waddell et al,®* 1982
CSLR, causes pain Yes/No 0.74 (k) McCombe et al,? 1989
Neurologic Ankle dorsiflexion weak Yes/No 1.00 (k) McCombe et al,? 1989
examination  Great oe extensors weak Yes/No 0.65 () McCombe et al, 1989
Ankle reflexes normal Yes/No 0.39-0.50 (x) McCombe et al,”* 1989
Schwartz et al,*> 1990
Any sensory deficit Yes/No 0.68 (k) McCombe et al,® 1989
Calf wasting Yes/No 0.80 (k) McCombe et al,> 1989
Inappropriate  Superficial tenderness Yes/No 0.29 (k) McCombe et al,? 1989
signs Simulated rotation or axial loading causes pain Yes/No 0.25 () McCombe et al,2 1989
SLR with distraction causes pain Yes/No 0.40 (k) McCombe et al,? 1989
Inexplicable pattern, neurologic examination Yes/No 0.03 (k) McCombe et al,? 1989
Overreaction Yes/No 0.29 () McCombe et al,? 1989

Abbreviations: CSLR, crossed straight-leg raising; SLR, straight-leg raising.
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Table 7-3 Estimated Accuracy of Physical Examination for Lumbar Disk Herniation Among Patients With Sciatica

Test Source, Year Sensitivity? Specificity? Comments

Ipsilateral SLR Kosteljanetz et al,*® 1984; Hakelius and Hind- 0.80 0.40 Positive test result; leg pain at < 60°
marsh,* 1972

CSLR Spangfort,”” 1972; Hakelius and Hindmarsh,*# 0.25 0.90 Positive test result: reproduction of contra-
1972 [ateral pain

Ankle dorsiflexion weakness  Spangfort,'” 1972; Hakelius and Hindmarsh,* 0.35 0.70 HNP usually at L4-5 (80%)
1972

Great toe extensor weakness  Hakelius and Hindmarsh,* 1972; Kortelainen et 0.50 0.70 HNP usually at L5-S1 (60%) or L4-5 (30%)
al,*6 1985

Impaired ankle reflex Spangfort,”” 1972; Hakelius and Hindmarsh,* 0.50 0.60 HNP usually at L5-S1; absent reflex
1972 increases specificity

Sensory 10ss Kosteljanetz et al,* 1984; Kortelainen et al,*6 0.50 0.50 Area of loss poor predictor of HNP level
1985

Patella reflex Aronson and Dunsmore,*” 1963 0.50 NA For upper lumbar HNP only

Ankle plantar flexion weakness  Hakelius and Hindmarsh,* 1972 0.06 0.95

Quadriceps weakness Hakelius and Hindmarsh,* 1972 <0.01 0.99

Abbreviations: CSLR, crossed straight-leg raising; HNP, herniated nucleus pulposus; SLR, straight-leg raising; NA, not available.
eSensitivity and specificity were calculated by the authors of the present report. Values represent rounded averages where multiple references were available. All results are from

surgical case series.

kneeling positions are probably best (rather than the sitting
position), but we are unaware of comparative data. The foot
is gently rocked until relaxation is obtained, and the calf
muscles should be held under slight tension by dorsiflexing
the foot. Estimated « values for the precision of ankle reflexes
range from 0.39 to 0.50.2%* Schwartz et al found that a plan-
tar tap is as good as an Achilles tendon tap (estimated K =
0.55). In this technique, the patient lies supine and the ball of
the foot is tapped with the reflex hammer. The plantar tap
was preferred by patients and could be elicited in 91% of
patients younger than 65 years but in only 71% of patients
older than 65 years.

Ankle plantar flexion is an S1 function, but only severe
impairments can be clinically detected, and sensitivity for
disk herniation is low (Table 7-3). Toe walking appears to be
an unreliable method of assessing plantar flexion strength (i
= 0).” Hamstring and hip extensor strength have been used
to evaluate S1 root injuries, but their precision and accuracy
are unknown. Muscle wasting indicates longstanding dener-
vation or disease and may be detected visually. Good preci-
sion was noted for observations of anterior compartment
and hamstring wasting in one study (Table 7-2).%

Sensory examination of the lower extremities takes
time. Patients distinguish differences in pain intensity by
pinprick more accurately than differences in touch or
temperature, and sensory impairment from nerve root
compression is most frequent in the distal extremes of the
dermatomes.”! Therefore, an efficient strategy is to check
for symmetry of pain elicited by pinprick in the extremes
of the L4, L5, and S1 dermatomes (the medial aspect, dor-
sum, and lateral aspect of the feet) (Figure 7-1).

Higher lumbar nerve roots account for only about 2% of
lumbar disk herniations. They are suspected when numb-
ness or pain involves the anterior thigh more prominently

Anterior view

Posterior view
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Figure 7-1 Lower-extremity Dermatomes

than the calf (Figure 7-1). Testing includes knee reflexes,
quadriceps strength, and psoas strength.””>* Quadriceps
weakness is virtually always associated with impairment in
the patella reflex.
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The accuracy of neurologic findings for the diagnosis of a
herniated disk is only moderate (Table 7-3). Considering
combinations is helpful, however, because a finding of
impaired ankle reflexes or weak foot dorsiflexion would have
a sensitivity of almost 90% for patients with surgically
proven disk herniations.!” Multiple findings related to SLR or
neurologic examination increase the probability that a herni-
ated disk will be found at surgery.*

Spinal Stenosis

The mean age of patients at surgery for spinal stenosis is 55
years, with an average symptom duration of 4 years.!® The
characteristic history is that of neurogenic claudication: pain
in the legs and occasionally neurologic deficits that occur
after walking. In contrast to arterial ischemic claudication,
neurogenic claudication is more likely to occur on standing
alone (without ambulation), may increase with cough or
sneeze, and is associated with normal arterial pulses.”” The
sensitivity of neurogenic claudication is modest (about
0.60),' but it is probably quite specific.

Few data are available concerning the accuracy of physical
examination because stenosis has been widely recognized
only in recent years. Diagnostic criteria, indications for sur-
gery, and the natural history are still being elucidated.
Increased pain on spine extension is typical of stenosis
(whereas flexion is usually most painful with herniated
disks), but accuracy data are unavailable. The sensitivity of
leg pain is about 85%; neurologic abnormalities, about 60%;
and abnormal SLR, about 50%.8%

Cauda Equina Syndrome

A massive midline disk herniation may cause spinal cord or
cauda equina compression, requiring immediate surgical refer-
ral. Fortunately, the cauda equina syndrome occurs in only 1%
to 2% of all patients with lumbar disk herniations who come to
surgery,” so its prevalence among all patients with low back
pain is about 0.0004. The most consistent finding is urinary
retention, with a sensitivity of 0.90.* The most common sen-
sory deficit occurs over the buttocks, posterior-superior thighs,
and perineal regions (“saddle anesthesia”), with a sensitivity of
about 0.75.*% Anal sphincter tone is diminished in 60% to
80% of cases.’*** Assuming a specificity of about 95%, the pre-
dictive value of a negative test result (no urinary retention)
would be almost 100%. Unilateral or bilateral sciatica, sensory
and motor deficits, and abnormal SLR results are all common,
with sensitivities of greater than 0.80.3%

Indications for Imaging Tests

There is a growing consensus that radiographs are not neces-
sary for every patient with low back pain because of a low
yield of useful findings, potentially misleading results, sub-
stantial gonadal irradiation, and common interpretive dis-
agreements. The Quebec Task Force on Spinal Disorders
suggested that early radiography was necessary only in the
face of neurologic deficits, age older than 50 years or younger
than 20 years, fever, trauma, or signs of neoplasm.*” Table 7-1

indicates screening questions that can exclude neoplasm
according to patient medical history alone."

MRI and CT can be used even more selectively, usually for
surgical planning. The finding of herniated disks and spinal
stenosis in many asymptomatic persons®’ indicates that
imaging results alone can be misleading, and valid decision
making requires correlation with the medical history and
physical examination.’

IS THERE EVIDENCE OF SOCIAL OR PSYCHOLOGICAL
DISTRESS THAT MAY AMPLIFY OR PROLONG PAIN?

Some features of patient medical history influence manage-
ment regardless of the exact spinal pathology. Chronic pain
or depression may be indications for the use of antidepres-
sant medication rather than opiates. Alcohol or drug abuse
influences the choice of medications and requires specific
intervention. Disability compensation claims or litigation
may affect initial evaluation and prognosis, and patients
seeking compensation often respond poorly to a variety of
treatments.”

Patients with chronic low back pain (= 3 months) present
complex problems, and often, a pathoanatomic cause is not
apparent.” Unlike acute pain, chronic pain is often not asso-
ciated with ongoing tissue injury, serves no biological useful-
ness, and is not accompanied by the autonomic response of
sympathetic overactivity. Vegetative signs, such as sleep dis-
turbance, appetite disturbance, and irritability, appear, and
pain is often reinforced or perpetuated by social and psycho-
logical factors. Back pain can affect employment, income,
family, and social roles, producing psychological distress.*¢!
Resulting somatic amplification can serve the patient’s needs
for economic survival and maintenance of self-esteem.*!

In patients with chronic low back pain, the absence of sys-
temic disease and treatable anatomic abnormalities should
be confirmed by medical history, physical examination, and
review of diagnostic tests. Neurologic abnormalities often
prove to be longstanding and may persist after surgical inter-
ventions. Evidence of psychological distress should be sought
because this may respond to direct intervention and improve
the likelihood of response to other treatments. The Minne-
sota Multiphasic Personality Inventory is impractical in most
primary care settings, and shorter depression scales are use-
ful for screening.®>%

Waddell et al** proposed 5 categories of inappropriate or non-
organic signs that correlated with other indicators of psycholog-
ical distress: (1) inappropriate tenderness that is superficial or
widespread; (2) pain on simulated axial loading by pressing on
the top of the head, or simulated spine rotation (performed by
holding the patient’s arms to the side while rotating the hips,
ensuring that the shoulders and hips rotate together); (3) “dis-
traction” signs, such as inconsistent performance between SLR
in the seated position vs the supine position; (4) regional distur-
bances in strength and sensation that do not correspond with
nerve root innervation patterns; and (5) overreaction during the
physical examination. The occurrence of any 1 sign was of lim-
ited value, but positive findings in 3 of the 5 categories suggested



psychological distress. The precision of nonorganic signs was
reported by Waddell et al* to be high, but subsequent evaluation
found poor precision in the regional disturbance category
(Table 7-2).2

SUMMARY AND RECOMMENDATIONS
History

1. A few key questions can raise or lower the probability of
underlying systemic disease. The most useful items are age,
history of cancer, unexplained weight loss, duration of pain,
and responsiveness to previous therapy.

2. Intravenous drug use or urinary infection raises the suspi-
cion of spinal infection.

3. Ankylosing spondylitis is suggested by the patient’s age
and sex (most common in young men), but most clinical
findings have limited accuracy.

4. Failure of bed rest to relieve the pain is a sensitive finding
for all these systemic conditions, although not specific.

5. Neurologic involvement is suggested by symptoms of sci-
atica or pseudoclaudication. Pain radiating distally (below
the knee) is more likely to represent a true radiculopathy
than pain radiating only to the posterior thigh. A history
of numbness or weakness in the legs further increases the
likelihood of neurologic involvement.

6. Inquiry should be made concerning symptoms of the
cauda equina syndrome: bladder dysfunction (especially
urinary retention) and saddle anesthesia in addition to
sciatica and weakness.

7. The psychosocial history helps to estimate prognosis and
plan therapy. The most useful items are a history of failed
treatments, substance abuse, and disability compensation.
Brief screening questionnaires for depression may suggest
important therapeutic opportunities.

Physical Examination

1. Fever suggests the possibility of spinal infection. Vertebral
tenderness is a sensitive finding for infection but not specific.

2. The search for soft-tissue tenderness is unlikely to provide
reproducible data or demonstrably valid pathophysiologic
inferences.”?

3. Limited lumbar flexion is not highly sensitive or specific
for ankylosing spondylitis or other diagnoses. However,
limited spinal motion may be useful in planning physical
therapy and monitoring response.

4. In a patient with sciatica or possible neurogenic claudica-
tion, SLR should be assessed bilaterally, preferably with an
inclinometer or goniometer.

5. Neurologic examination emphasizes ankle dorsiflexion
strength, great-toe dorsiflexion strength, ankle reflexes,
and the sensory examination. A rapid screening sensory
examination would test pinprick sensation in the medial,
dorsal, and lateral aspects of the foot.

6. For the patient with chronic pain, all the evaluations
described herein should be completed. Anatomically “inap-
propriate” signs may be helpful in identifying psychological

CHAPTER 7 Low Back Pain

distress as a result of or as an amplifier of low back symp-
toms. The most reproducible of these signs are superficial
tenderness, distracted SLR, and the observation of patient
overreaction during the physical examination.
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UPDATE:

CLINICAL SCENARIO

A physically active 61-year-old man presents with com-
plaints of low back pain and occasional pain in his left but-
tock and upper thigh. His symptoms began approximately
3 weeks ago. In addition, increasing pain in his lower
extremities is preventing him from participating in his hob-
bies and socializing with his usual group of friends. He has
no history of weight loss and no changes in bowel or blad-
der habits. During the physical examination, the patient
reports thigh and back pain at 50 degrees during the
straight leg raise (SLR) test on the left but no radiation
below the knee. He has slight pain in the back of his right
leg with SLR testing to 75 degrees. When you test his quad-
riceps strength, his left side seems a little weaker than the
right, but the testing is limited by his discomfort. His single-
leg sit-to-stand test result is normal. The ankle reflexes are
absent bilaterally. Given the results of this brief history and
physical examination, are there other maneuvers you could
perform? What diagnosis can you provide for this patient?

UPDATED SUMMARY ON LOW BACK PAIN

Original Review

Deyo RA, Rainville ], Kent DL. What can the history and
physical examination tell us about low back pain? JAMA.
1992;268(6):760-765.

UPDATED LITERATURE SEARCH

We initially sought articles including the keywords “back pain,”
“herniated disk,” or “sciatica” and “specificity” using the “Clin-
ical Query” mechanism in MEDLINE. In addition, we filtered
for human, English-language articles, resulting in 190 citations
from 1992 to August 2004. We performed an additional search
including the various forms and combinations of the terms
“intervertebral disk displacement,” “characteristic,” “feature,”
“finding,” “marker,” “predictor,” “sign,” “test,” “variable,” “phys-
ical, “exam,” and “sensitivity” This search added 28 unique
citations to our article pool. We also searched bibliographies
and personal files for additional articles. Two reviewers inde-

pendently examined the abstracts of the articles retrieved by
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Reviewed by Richard S. Bedlack, MD, PhD

this search. Articles included in the update were selected by
consensus between the 2 reviewers; 6 articles were deemed rel-
evant to this update.

We included 2 systematic reviews'? and 3 prospective
studies®* that focused on the physical examination of individ-
uals with low back pain. We excluded 1 literature synthesis
when we could not replicate the data on our review of the
original references.® We considered articles related to detect-
ing lumbar radiculopathy or underlying systemic diseases
among patients with low back pain. We excluded neck pain
or spinal stenosis from our review.

NEW FINDINGS

* More than 90% of normal individuals younger than 60 years
have bilateral ankle reflexes, but 5% have 1 absent ankle
reflex and 5% have no ankle reflexes. Among those older
than 60 years, only 60% have both ankle reflexes, 30% have
no ankle reflexes, and 10% have an absent ankle reflex in 1
lower extremity. These age-related deficits reduce the speci-
ficity of a diminished ankle reflex as a test for L5 to S1 radic-
ulopathy in older patients.

* When a patient with low back pain is screened for cancer, it
may be prudent to inquire about pain at night. Night pain is
sensitive among patients with cancer as a cause of back pain,
but not specific: sensitivity, 0.92; specificity, 0.46; positive like-
lihood ratio (LR+), 1.7 (95% confidence interval [CI], 1.2-
1.9); and negative likelihood ratio (LR-), 0.17 (95% CI, 0.03-
0.73). Thus, the absence of night pain is helpful in reducing
the probability of cancer, but its presence is minimally helpful.
The absence of night pain should be interpreted together with
the absence of other important findings to identify patients at
low risk of back pain secondary to malignancy.

+ The single-leg sit-to-stand test (described below) may be
the most reliable method for detecting quadriceps weak-
ness (k = 0.85) which suggests upper lumbar (L3-L4) radic-
ulopathy in patients with low back pain.®

IMPROVEMENTS IN THE DATA PRESENTED IN THE
ORIGINAL PUBLICATION

No new findings substantially changed the results of those origi-
nally reported in the Rational Clinical Examination series.
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Table 7-4 Estimated Accuracy of Ipsilateral Straight-leg Raise Test for
Lumbar Disk Herniation

LR+ (95% Cl) LR- (95% Cl)
Source, Patient Population or Range or Range
Jonsson and Stromaqvist,* surgical 2.0(1.7-2.4) 0.21 (0.12-0.36)
series? (n = 300 patients)
van den Hoogen et al,? surgical 0.99-1.8 0.04-0.54
series (n = 7 studies)
Deville et al,’ surgical series 1.1(1.0-1.1) 0.34 (0.28-0.40)

(n =10 studies)

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative
likelihood ratio.

#Patients with herniated disk were compared with patients with lateral or central stenosis.

Table 7-5 Estimated Accuracy of Crossed Straight-leg Raise Test for
Lumbar Disk Herniation

LR+ (95% Cl, when LR (95% CI, when

Source, Patient Population data available) data available)

Jonsson and Stromaist,* surgi- 5.8 (2.7-12) 0.80 (0.72-0.90)
cal series? (n = 300 patients)

van den Hoogen et al,? surgi- 1.6-8.8 0.59-90.0
cal series® (n = 6 studies)

Deville et al,' surgical series 2.2 (1.8-2.9) 0.81(0.77-0.87)

(n = 6 studies)

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative
likelihood ratio.

#Patients with herniated disk were compared to patients with lateral or central stenosis.
"arious literature estimates were not pooled in this study.

Table 7-6 Estimated Accuracy of Sit-to-Stand Test for Upper Lumbar
Disk (L3 to L4) Herniation With Radiculopathy
LR+ (95% Cl)

Source LR—-(95% Cl)

Rainville et al,® nonsurgical series® 26 (1.7-413) 0.35(0.22-0.56)

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative
likelihood ratio.

#Patients with L3 to L4 radiculopathy were compared with patients with lower lumbar
radiculopathy (L5-S1).

Table 7-7 Presence of Achilles Tendon Reflex in Patients Without a
History of Low Back Pain, Sciatica, or Systemic Disease?

Total Both Present, BothAbsent,% One Absent, %

Age,y  Patients % (95% Cl) (95% Cl) (95% Cl)
16-20 38 100 (92-100) 0(0-8) 0(0-8)
21-30 133 100 (98-100) 0(0-2) 0(0-2)
31-40 112 96(93-1000  0.9(0.8-3) 3(0-6)
41-50 140 95(90-98) 2.9(0.1-6) 3(0-6)
51-60 162 88(83-93) 4(1-6) 8 (4-12)
61-70 187 63 (56-70) 7 (3-10) 30 (23-60)
71-80 186 54 (47-61) 10 (5-14) 37 (30-43)
81-90 99 40 (31-50) 10 (4-16) 50 (40-59)
91-100 17 18 (0-36) 6(0-17) 77 (66-87)

Abbreviation: CI, confidence interval.
#Frequency may not total 100% because of rounding.

CHANGES IN THE REFERENCE STANDARD

The reference standard for a herniated disk causing radicu-
lopathy continues to be surgical findings or the combina-
tion of clinical findings, imaging results, electrophysiology,
and clinical course. No major new diagnostic techniques
have been introduced. However, as suggested in the synthe-
sis of literature of SLR, the choice of reference standard
(imaging vs surgical findings) may influence estimates of
test performance.

RESULTS OF LITERATURE REVIEW
Univariate Results of Tests for Herniated Lumbar Disk

The methods used in studying low back pain continue to be
poor, leading to ambiguous results. As indicated in previous
reviews, a clinical diagnosis is generally reached from multiple
items of medical history and physical examination, with no
single test sensitive and specific enough to make a definitive
diagnosis.

Since the original Rational Clinical Examination article on
back pain, 1 systematic review and a new surgical series have
addressed the sensitivity and specificity of the SLR and
crossed straight leg raise (CSLR) tests. These studies result in
estimates close to those cited in the original Rational Clinical
Examination article (Tables 7-4 and 7-5). The review article
suggests a somewhat higher sensitivity of the SLR test (close
to 0.90 rather than 0.80), whereas the surgical series reported
somewhat greater specificity for the CSLR test (0.96 vs 0.90).

The sit-to-stand test is the most reliable test (k = 0.85)
for detecting quadriceps weakness, and it may discriminate
those with an L3 to L4 herniation from those with an L5 to
S1 lesion.® To perform the single-leg sit-to-stand test, the
patient attempts to rise from a chair by using only 1 leg.
The patient is allowed to place his or her hand in the exam-
iner’s for aid with balance, and a negative finding/normal
result is recorded if the patient is able to rise successfully
(LR+, 26 [95% CI, 1.7-413]; LR, 0.35 [95% CI, 0.22-0.56])
(Table 7-6). With regard to reflexes, a large study assessed
whether absent Achilles reflexes occur in seemingly normal
older patients (Table 7-7). The absence of an ankle reflex
becomes increasingly common in individuals older than 60
years, suggesting that this finding is most meaningful at
younger ages.

EVIDENCE FROM GUIDELINES

The 1994 guidelines on acute low back problems in adults
prepared by the Agency for Health Care Policy and Research
(now the US Agency for Healthcare Research and Quality)
largely reiterated data from the original Rational Clinical
Examination article. Guidelines on back pain from New
Zealand, Australia, and Holland (published in 1995, 1996,
and 2003, respectively) have no discussion on accuracy of
the medical history and physical examination but recom-
mend clinical evaluation consistent with the evaluation
proposed here.



CLINICAL SCENARIO—RESOLUTION

Although this patient has some symptoms with SLR and has
absent ankle reflexes, it is unlikely that he has neurologic def-
icits related to his low back pain. Some 30% of patients this
age (>60 years) have absent ankle reflexes in the absence of
low back pathology. The absence of pain radiating below the
knee with SLR suggests that this patient’s pain is most likely
not the result of a lumbar radiculopathy. The absence of a
positive CSLR result reinforces this impression. It is some-
times difficult to decide whether a patient is truly weak or
whether strength testing effort is reduced by pain. However,
this patient’s normal sit-to-stand test result confirms normal
strength. The combination of findings suggests that he does
not have a herniated disc, so ordering additional tests (eg,
electromyogram, nerve conduction, magnetic resonance
imaging [MRI]) is not necessary.
See next page for the “Make the Diagnosis” section.
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“For the Evidence to Support the Update on this topic,
see http://www.JAMAevidence.com.
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LOW BACK PAIN—MAKE THE DIAGNOSIS

PRIOR PROBABILITY

Because of the weak associations among symptoms, physical
findings, imaging results, and electromyograms, a majority of
patients with low back pain (= 85%) cannot be given a defini-
tive diagnosis. Among asymptomatic individuals, 20% to 30%
have evidence of a herniated disk on computed tomography
(CT) or MRI. However, only small portions (2%) of individu-
als with low back pain eventually undergo surgery for disk her-
niation. Thus, the prevalence of clinically important disk
herniations is low.

In the primary care setting, the prevalence of compression
fracture and spondylolisthesis is small, at 4% and 3%, respec-
tively, in patients with low back pain. Fortunately, low back
pain as a result of spinal malignancy, ankylosing spondylitis, or
spinal infection is rare. The prevalence of these conditions
among patients with back pain is approximately 0.7%, 0.3%,
and 0.01%, respectively.

POPULATION FOR WHOM HERNIATED DISK WITH
RADICULOPATHY SHOULD BE CONSIDERED

A herniated disk with radiculopathy should be considered in
any adult with back and leg pain. Herniated disks causing sciat-
ica are most common in middle-aged adults (30-55 years) and
are somewhat less common in older adults (Table 7-8).

Table 7-8 Utility of the Clinical Examination for Herniated Disk or
Cancer Among Patients With Back Pain

LR+ (95% CI) or Range LR—(95% CI) or Range

Sit-to-stand test for
upper lumbar herniation

26 (1.7-413) 0.35 (0.22-0.56)

Nocturnal pain for
cancer-induced
back pain

1.7(1.2-1.9) 0.17 (0.03-0.73)

Crossed straight-leg 1.6-5.8 0.59-0.90

raise for disk herniation

Ipsilateral straight-leg 0.99-2.0 0.04-0.50

raise for disk herniation

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative
likelihood ratio.

POPULATION FOR WHOM CANCER
SHOULD BE CONSIDERED

Although it accounts for less than 1% of patients with back
pain, cancer is the most common of systemic causes. Cancer
should be considered as a possible cause of low back pain in
patients older than 50 years with low back pain and in
patients with a history of cancer (especially prostate, lung, or
breast carcinoma). In addition, patients who fail to improve
after 4 to 6 weeks of conservative therapy should be evaluated
for underlying systemic diseases such as cancer (Table 7-8).

REFERENCE STANDARD TESTS

For herniated disks, surgical findings may be a gold standard
for diagnosis, but back surgery should never be considered
just to confirm the absence of a disk hernia among patients
with a negative clinical and imaging examination result. For
patients who do not undergo surgery, CT or MRI demon-
strating a disk herniation with nerve root impingement
might be considered a gold standard. In addition, elec-
tromyography may confirm nerve root involvement. How-
ever, clinicians must realize that herniated disks on imaging
are common among asymptomatic individuals. Thus, the
imaging findings must be carefully correlated with clinical
history, physical examination, and the time course of illness.

For metastatic cancer or infection, biopsy will be the usual
gold standard, but these are performed only in patients with
suggestive clinical and imaging findings. Imaging and labo-
ratory test results (such as the erythrocyte sedimentation
rate), if negative, are usually sufficient to rule out cancer and
infection as a cause of back pain. For compression fractures,
the gold standard remains imaging.




EVIDENCE TO SUPPORT THE UPDATE:

Low Back Pain

TITLE The Significance of an Absent Ankle Reflex.
AUTHORS Bowditch MG, Sanderson P, Livesey JP.
CITATION ] Bone Joint Surg [Br]. 1996;78(2):276-279.

QUESTION What is the prevalence of abnormal ankle
reflexes in adults without pathologic causes of reflex loss?

DESIGN Prospective.
SETTING Orthopedic outpatient department in 2 hospitals.

PATIENTS A total of 1074 patients (541 men, 533
women), aged 16 to 99 years, without history of spinal dis-
ease, low back pain, sciatica, diabetes mellitus, or neuro-
pathic or systemic medical disease.

DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD

Patients were examined in 3 positions: sitting with legs hang-
ing over edge of seat, kneeling with feet over edge, and lying
in supine and lateral positions. A reflex was considered
present if it was elicited in any of the positions and absent if it
was not. To determine interexaminer reliability, 50 patients
were examined separately by each of the 3 authors (i = 0.94).

MAIN OUTCOME MEASURES

The presence or absence of either 1 or both ankle reflexes was
noted, and data were displayed according to age range in
increments of 10 years. The prevalence and its 95% confi-
dence interval for age group were calculated. The authors also
tested for a relationship between prevalence and age with the
x? test. Finally, the results of each pair of consecutive groups
were compared to determine at what age the largest changes
in prevalence occurred.

MAIN RESULTS
See Tables 7-9, 7-10, and 7-11.

Table 7-9 Presence of Achilles Tendon Reflex in Patients Without a
History of Low Back Pain, Sciatica, or Systemic Disease?

Both

Total Present, % OneAbsent, BothAbsent,
Age, y Patients (95% Cl) % (95% Cl) % (95% Cl)
16-20 38 100 (92-100) 0(0-8) 0(0-8)
21-30 133 100 (98-100) 0(0-2) 0(0-2)
31-40 112 96 (93-100) 0.9 (0.8-3) 3(0-6)
41-50 140 95(90-98) 2.9(0.1-6) 3(0-6)
51-60 162 88 (83-93) 4 (1-6) 8 (4-12)
61-70 187 63 (56-70) 7(3-10) 30 (23-60)
71-80 186 54 (47-61) 10 (5-14) 37 (30-43)
81-90 99 40 (31-50) 10 (4-16) 50 (40-59)
91-100 17 18 (0-36) 6 (0-17) 77 (66-87)

Abbreviation: Cl, confidence interval.
aFrequency may not total to 100% because of rounding.

Table 7-10 Significant Changes in Prevalence Between Consecutive
Age Groups

Consecutive Age Groups, y P Value for Both Ankle Reflexes Absent

51-60 vs 61-70 <.001
71-80 vs 81-90 .04

Table 7-11 A “Working” Guide

Age, y Both Present, % Both Absent, %  One Absent, %
<60 >90 <5 <5

>60 60 30 10
CONCLUSIONS

LEVEL OF EVIDENCE Level 1.

STRENGTHS Large number of participants in a prospective
study with high interrater reliability.
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LIMITATIONS Examiners were not blinded to the patient’s
age, although it is hard to do a practical study in which the
examiners would have no idea of the patient’s age.

The prevalence of ankle reflexes decreases with age. The
largest decrements occur when comparing individuals in
their 50s with those in their 60s and individuals in their 70s
with those in their 80s. When using ankle reflexes to examine
a patient for lumbar radiculopathy, the absence of an ankle
reflex will be more meaningful in a patient younger than 60
years. Unilateral ankle reflex loss is far less common and is
thus a more meaningful clinical sign, especially in younger
patients.

Reviewed by Ben Stern, MS, DPT

TITLE The Test of Lasegue: Systematic Review of the
Accuracy in Diagnosing Herniated Disks.

AUTHORS Deville WLJM, van der Windt DAWM,
Dzaferagic A, Bezemer PD, Bouter LM.

CITATION Spine. 2000;25(9):1140-1147.

QUESTION How accurate are the straight leg raise
(SLR) and cross straight leg raise (CSLR) tests at diagnos-
ing a herniated disk in patients with low back pain?

DATA SOURCES

A MEDLINE and EMBASE search from an earlier review was
extended to include 1992 through 1997 (keywords: “radicu-
lopathy,” “backache,” “low back,” “Lasegue,” “straight leg rais-
ing,” and “cross straight leg raising”). Bibliographies of
retrieved studies were also reviewed for relevant material.

STUDY SELECTION

In total, 552 studies were retrieved; 15 met the inclusion cri-
teria. Studies were selected if they used surgery as the refer-
ence standard, presented data on sensitivity or specificity,
and included more than 10 patients with disease. Review
articles were not included. The authors’ original review
(1995) included 19 studies, 12 of which were included in this
review. The extended search through 1997 yielded 12 addi-
tional studies, of which 3 were retained for use.

DATA EXTRACTION

Two reviewers independently rated each study in 16 catego-
ries, including criteria related to internal and external valid-
ity (reference and index application and quality, spectrum of
patients, setting, reproducibility, etc). The maximum possi-
ble score was 17, with 6 points on internal validity and 11 on

external. In addition, information on disease prevalence at
the setting was collected.

MAIN RESULTS

Of the 15 studies included in this review, 7 included patients
with previous disk surgery and 2 included patients with
bilateral radiculopathy, both of whom had previous disk sur-
gery. None of the studies occurred in a primary care setting.
Positive SLR cutoff point was mentioned in 6 of the studies
and ranged from less than 70 degrees (n = 3) to less than 90
degrees (n = 2). The addition of neck flexion or foot dorsi-
flexion was not evaluated. The median internal validity
scores were 50% (range, 33%-66%) and 45% (range, 18%-
72%), respectively. Median total validity score was 47%
(range, 29%-65%), with 6 studies scoring 50% or better.

The authors included studies that were “sensitivity-only
studies” (ie, only diseased patients), along with studies of
diagnostic accuracy (patients with and without disk hernia-
tion). The pooled sensitivity of SLR was 0.91 (95% confi-
dence interval [CI], 0.82-0.94) and pooled specificity was
0.26 (95% CI, 0.16-0.38). For the CSLR, pooled sensitivity
was 0.29 (95% CI, 0.24-0.34) and specificity was 0.88 (95%
CI, 0.86-0.90). See Table 7-12.

CONCLUSIONS
LEVEL OF EVIDENCE Systematic review.

STRENGTHS Appropriate study question, literature search,
and evaluation for bias.

LIMITATIONS The authors included sensitivity-only studies
in their pooled estimates. However, they provide the data for
all the studies that allow us to calculate the pooled likelihood
ratios.

These data suggest that the SLR and CSLR should be used in
combination. Although they are similar in overall accuracy (as
evidenced by similar diagnostic odds ratio), the SLR primarily
has value when it is absent (lowering the likelihood of a disk
herniation), whereas the CSLR primarily has value when it is
present (increasing the likelihood of a disk herniation).

Because all the studies included were surgical case series
taken from hospitals and not from primary care facilities, an
unusually high prevalence existed in these studies (86% for the

Table 7-12 SLR and CSLR as a Test for Disk Herniation?

Test (n = No. of Studies) LR+ (95% Cl) LR- (95% CI)
Straight leg raise (n = 10) 1.1(1.0-1.1) 0.34 (0.28-0.40)
Crossed straight leg raise (n = 6) 2.2 (1.8-2.8) 0.81(0.77-0.87)

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative
likelihood ratio.

A\We calculated the pooled likelihood ratio with random-effects measures. We used
only studies that had sensitivity and specificity data. We excluded the outlier study
noted by the authors.



SLR studies and 92% for the CSLR studies). The diagnostic
odds ratio of the SLR decreased with designs of higher validity,
homogeneity of case mix, and exclusion of patients with his-
tory of disk surgery. Both findings need better validation in
populations of patients with a lower prevalence of disk hernia-
tion, such as those treated in primary care settings.

Reviewed by Ben Stern, MS, DPT

TITLE Symptoms and Signs in Degeneration of the
Lumbar Spine.

AUTHORS Jonsson B, Stromqvist B.
CITATION ] Bone Joint Surg [Br]. 1993;75(3):381-385.

QUESTION What are the frequencies of symptoms and
neurologic disturbances among patients with spinal ste-
nosis and lumbar disk herniation?

DESIGN Prospective study of patients consecutively
admitted for lumbar spine surgery.

SETTING Inpatient surgery.

PATIENTS Three hundred patients admitted for lum-
bar disk or lumbar decompression surgery (100 disk her-
niation, 100 lateral stenosis, and 100 central stenosis).

DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD

Diagnosis was established with myelography, computed
tomography, or magnetic resonance imaging and occasion-
ally supplemented by nerve root block.

MAIN OUTCOME MEASURES

Sensitivity and specificity for a herniated lumbar disc: the
likelihood ratios (LRs) represent the likelihood of a herniated
disk (as opposed to central stenosis). When a finding is
abnormal, the associated positive LR (LR+) of more than 1.0
makes a herniated disk more likely, whereas an LR+ of less
than 1.0 makes central stenosis more likely. When a finding is
normal, a negative LR (LR-) of more than 1.0 increases the
likelihood of a disk herniation, whereas an LR— of less than
1.0 increases the likelihood of central stenosis.

CHAPTER 7 Low Back Pain

MAIN RESULTS
See Table 7-13.

Table 7-13 Likelihood of Disk Herniation Versus Central Stenosis

Disk Herniation

LR+ (95% CI)2 LR-(95% CI)°
SLR 2.0(1.7-2.4) 0.21 (0.12-0.36)
CSLR 5.8 (2.7-12) 0.80 (0.72-0.90)
Patellar reflex 0.40 (0.22-0.73) 1.2 (1.1-1.4)
Ankle reflex 0.96 (0.75-1.2) 1.0 (0.82-1.30)
Sensory disturbance 1.3(1.1-1.6) 0.70 (0.52-0.95)
No relief with rest 1.1(1.0-1.3) 0.59 (0.35-1.0)

Abbreviations: Cl, confidence interval; CSLR, crossed straight leg raise; LR+, posi-
tive likelihood ratio; LR—, negative likelihood ratio; SLR, straight leg raise.

LR+ greater than 1 favors disk herniation, whereas LR+ less than 1 favors central
stenosis.

5L R— greater than 1 favors disk herniation, whereas LR— less than 1 favors central
stenosis.

CONCLUSIONS
LEVEL OF EVIDENCE Level 4.

STRENGTHS Differential diagnostic test evaluated among
patients with known disease status (herniated disk vs central
spinal stenosis).

LIMITATIONS The clinicians knew that all the patients had
lesions.

Patients without evidence of spinal pathology were not
included in this study, so it is difficult to know whether the
results generalize to patients who have not yet had an imag-
ing study or surgery. However, the data suggest that a positive
response to CSLR increases the likelihood of disk herniation
rather than central stenosis. A normal conventional SLR
response favored central stenosis over disk herniation,
whereas abnormal patellar reflexes decreased the likelihood
of disk herniation (perhaps a counterintuitive finding).
Given the limitation imposed by the study population, in
which all patients had either lumbar stenosis or central ste-
nosis, the other clinical results had limited or no ability to
distinguish between the 2 diagnoses.

Reviewed by Ben Stern, MS, DPT
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TITLE Comparison of Four Tests of Quadriceps Strength
in L3 or L4 Radiculopathies.

AUTHORS Rainville J, Jouve C, Finno M, Limke J.
CITATION Spine. 2003;28(21):2466-2471.

QUESTION In adults with demonstrable L3 or L4 nerve
root compression via computed tomography (CT) or
magnetic resonance imaging (MRI), which of 4 tests of
quadriceps strength best reflects evidence of a lesion at L3
or L4 vs L5 to S1? In other words, which tests best distin-
guish an upper lumbar radiculopathy from the far more
common lower lumbar radiculopathy?

DESIGN Prospective, nonconsecutive patients with
uncertainty in the independence of the clinical findings.

SETTING Outpatient physician office.

PATIENTS One group of participants recruited from a
hospital spine center if they had lumbar radiculopathy
and radiographically demonstrated evidence of displaced
or compressed L3 or L4 nerve root on symptomatic side
(n=33:13,n = 10; L4, n = 23). Another group of patients
with L5 or S1 nerve root compression evidence via CT or
MRI was asked to participate in the study as a comparison
group (n = 19: L5, n = 8, S1, n = 11). Patients with bilat-
eral radiculopathy, neurologic or muscular disease affect-
ing the lower extremity (LE), evidence of symptom
magnification, LE arthritis, cancer, cognitive dysfunction,
and nonambulatory status were excluded. Average age of
participants was 53 years, with an average duration of
symptoms of approximately 2.8 months.

DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD

The CT or MRI results served as the reference standard.

In addition to a routine physical examination, 4 tests of
quadriceps strength were performed on each patient: (1) sin-
gle-leg sit-to-stand, (2) step-up test, (3) knee-flexed manual
muscle testing, and (4) knee-extended manual muscle test.
For each maneuver, quadriceps strength was graded as
abnormal (a positive result suggesting an L3-L4 lesion).

Patients with a normal result (negative likelihood ratio) were
less likely to have an L3 to L4 lesion.

To perform the single-leg sit-to-stand, the participant
attempted to rise from a chair by using only 1 leg. The partic-
ipant was allowed to place her or his hands in the examiner’s
for aid with balance, and a score of normal was recorded if
the participant was able to rise successfully. The step-up test
was performed by asking the patient to step up on a 7-in
stool (such as those built in to the end of an examining
table). If the participant was able to step onto the stool suc-
cessfully, a score of normal was recorded. The knee-flexed
manual muscle test was performed in the supine position.
The patient’s leg was held distally near the ankle while the hip
was flexed to 90 degrees and the knee was flexed to end range.
The participant was then asked to straighten the leg toward
the end of the table. Ability to straighten the leg against max-
imum resistance was recorded as normal. The knee-extended
manual muscle test was also performed while the patient was
supine. For this test, the examiner placed one hand above the
participant’s distal ankle and the other forearm under the
participant’s distal femur. The participant then straightened
the knee, resulting in the heel’s rising off the table. After this,
the examiner attempted to bend the knee and touch the heel
to the table while the participant offered maximum resis-
tance. Ability to maintain the knee in extension was recorded
as normal.

When available, a second examiner (blinded to the previ-
ous results) performed the tests on the participants again (39
of 53 participants).

In addition, patients completed questionnaires including
items related to quadriceps weakness.

MAIN OUTCOME MEASURES

Frequency of detection of L3 to L4 vs L5 to S1 disk herniation
as evidenced by imaging studies. The patients were evaluated
for frequency of quadriceps weakness in L5 and S1 radiculo-
pathies. In addition, K values were used to determine inter-
rater reliability of the 4 tests.

MAIN RESULTS

Thirty-three patients had an L3 to L4 lesion, whereas 19 had
L5 to S1 nerve compression (Table 7-14).

Table 7-14 Quadriceps Strength as an Indicator of an L3 to L4 Lesion Among Patients With Nerve Root Compression

Quadriceps Strength for Each Maneuver

K (Interobserver Agreement) (%)

LR+ for an L3-L4 Lesion (95% Cl) LR- (95% CI)

Sit to stand 0.85 (92 26 (1.7-413) 0.35 (0.22-0.56)
Step up on stool 0.83 (95) 11 (0.69-182) 0.74 (0.59-0.92)
Manual muscle test, knee flexed 0.66 (84) 4.0 (1.0-16) 0.64 (0.46-0.90)
Manual muscle test, knee straight 0.08 (87) 4.1 (0.22-76) 0.92 (0.80-1.0)

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative likelihood ratio.



CONCLUSIONS
LEVEL OF EVIDENCE Level 4.

STRENGTHS Differential diagnostic test evaluated among
patients with known disease status (L3 to L4 vs L5 to S1
nerve root compression). An evaluation of the interobserver
reliability was conducted.

LIMITATIONS It is not clear whether the authors were
blinded to the level of nerve root compression. They did
know that all patients had lesions. Height of chair was not
specified for sit-to-stand test.

Controls without evidence of spinal pathology were not
included in this study; thus, it is difficult to generalize to
patients who have not yet had an imaging study or surgery.
However, the excellent agreement among observers on
watching the patient go from sit to stand or step up on a stool
suggests that this may be a better way of evaluating quadri-
ceps weakness than manual muscle testing.

Reviewed by Ben Stern, MS, DPT

TITLE On the Accuracy of History, Physical Examina-
tion, and Erythrocyte Sedimentation Rate in Diagnosing
Low Back Pain in General Practice.

AUTHORS Van den Hoogen HM, Koes BW, van Eijk JT,
Bouter LM.

CITATION Spine. 1995;20(3):318-327.

QUESTION How accurate are the medical history, phys-
ical examination, and erythrocyte sedimentation rate
(ESR) in diagnosing various causes of low back pain?

DESIGN Systematic review.

DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD

MEDLINE search was done (1986-1992) using the terms “back-
ache,” or “low back,” and “sciatica,” “cancer,” or “spondylitis,”

and bibliographies of retrieved studies were reviewed.

STUDY SELECTION

Studies were selected if they presented data on sensitivity or
specificity of items in the medical history, physical examina-
tion, and ESR for radiculopathy, vertebral cancer or metasta-
sis, and ankylosing spondylitis. Review articles and studies
including fewer than 10 patients were excluded; 540 studies
were retrieved, and 36 were included in this review (19 radi-
culopathy, 9 vertebral cancer, and 8 ankylosing spondylitis).

CHAPTER 7 Low Back Pain

DATA EXTRACTION

Studies were independently rated for methodology by 2
reviewers, with differences in rating resolved by consensus.
Ratings for each study consisted of scores in categories for
index and reference test quality, reference test application,
independence, clinical description, study population, sample
size, and data presentation. Sensitivity and specificity were
calculated for each diagnostic test.

MAIN OUTCOME MEASURES

The mean total quality score for all studies was 55 of 100
(range, 20-85). The lowest scores fell in the categories of ref-
erence and index test quality, independence, clinical descrip-
tion, and study population. Only studies with scores greater
than 55 were reviewed for diagnostic accuracy.

MAIN RESULTS

The data presented in Tables 7-15, 7-16, and 7-17 are the
findings not reported in the original Rational Clinical Exam-
ination article on low back pain.!

CONCLUSIONS
LEVEL OF EVIDENCE Systematic review.

STRENGTHS Comprehensive review of articles with pre-
defined selection criteria and a method for assessing
quality.

Table 7-15 Likelihood Ratios for Diagnosing Radiculopathy

Finding Reference LR+ (95% Cl)or LR—(95% CI)
(No. of Studies) Standard Range or Range
Sciatica (Knuttson n = Operative findings  0.92 (0.70-1.1)  1.5(0.5-4.4)
205; patients with low

back pain [21 with no

radiculopathy])

Paresthesia (n = 2) Operative findings 0.71-0.86 12-14
SLIR(n=7) Operative findings 0.99-1.8 0.04-0.54
CSLR (n = 6) Operative findings 1.6-8.8 0.59-0.90

Abbreviations: Cl, confidence interval; CSLR, crossed straight leg raise; LR+, posi-
tive likelihood ratio; LR—, negative likelihood ratio; SLR, straight leg raise.

Table 7-16 Likelihood Ratios for Diagnosing Vertebral Cancer

Finding (No. of Studies) LR+ Range LR— Range

Spinal tenderness (n = 3) 0.38-3.6 0.26-1.4

Abbreviations: LR+, positive likelihood ratio; LR—, negative likelihood ratio.
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Table 7-17 Likelihood Ratios for Diagnosing Ankylosing Spondylitis

Source Finding Sensitivity (95% Cl)  Specificity (95% Cl) LR+ (95% Cl)  LR—(95% Cl)
Gran® (n = 449); patients with low back  Out of bed at night 0.65 (0.48-0.81) 0.79 (0.75-0.83) 3.2(2.3-4.4) 0.42(0.25-0.72)
pain (27 with ankylosing spondylitis)  No relief lying down 0.80 (0.63-0.92) 0.49 (0.44-0.54) 1.6(1.3-2.0)  0.40 (0.17-0.84)
Pain duration > 3 mo 0.71(0.52-0.84) 0.54 (0.49-0.59) 15(1.2-2.00  0.55(0.30-1.0)
Age atonset< 35y 0.92 (0.77-0.98) 0.30 (0.26-0.35) 13(1.2-1.5)  0.25(0.06-0.94)
Morning stiffness 0.63 (0.44-0.79) 0.55 (0.51-0.60) 1.4(1.0-1.9)  0.67 (0.41-1.1)
Mau et al* (n = 54); suspected of having  ESR raised 0.69 0.68

ankylosing spondylitis (32 positive)

Abbreviations: Cl, confidence interval; ESR, erythrocyte sedimentation rate; LR+, positive likelihood ratio; LR—, negative likelihood ratio.

LIMITATIONS Lack of specificity data of many included stud-
ies. The majority (33/36) of the studies included only hospital-
based patients, thus limiting ability to generalize results.

cal examination were sufficiently useful in diagnosing ankylos-
ing spondylitis, radiculopathy, or vertebral cancer. Rather than
using single tests, clinicians must instead rely on the diagnostic

value of a combination of the available clinical data.

Reviewed by Ben Stern, MS, DPT
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CHAPTER

Does This Patient Have
Breast Cancer?

The Screening Clinical
Breast Examination:
Should It Be Done? How?
Mary B. Barton, MD, MPP

Russell Harris, MD, MPH

Suzanne W. Fletcher, MD, MSc

CLINICAL SCENARIOS

CASE 1 On annual examination of a 64-year-old woman,
you observe an 8-mm mass in her right breast. She says
she never noticed the mass before. Her screening mam-
mogram result 7 months ago was normal.

CASE 2 A 42-year-old woman comes to see you because
she is upset. “I want a breast examination, doctor. My
coworker was just diagnosed with breast cancer.” She prac-
tices breast self-examination regularly. She has observed no
changes in her breasts.

WHY PERFORM A BREAST EXAMINATION?

The clinical breast examination (CBE), like any part of the phys-
ical examination, can be used either for screening (to detect
breast cancer in asymptomatic women) or diagnosis (to evaluate
breast complaints, primarily to rule out cancer). In primary
care, screening CBEs are more commonly performed than diag-
nostic CBEs. Of a total of 14859 CBEs performed on a cohort of
2400 women during a 10-year period, 73% were for screening
and 27% were diagnostic! (Joann G. Elmore, MD, MPH, Har-
borview Medical Center, Seattle, Washington, written commu-
nication, November 1998). This review concentrates on the
screening CBE because most research has been directed to
screening rather than for diagnostic CBE. Because the screening
CBE involves the search for cancer, there may be legal reasons, as
well as medical reasons, for performing it well. Failure to diag-
nose breast cancer is a leading reason for malpractice claims,
and lawsuits against primary care clinicians account for half the
indemnity payments made.? Clinicians who do not perform
careful screening may be more liable. Also, some women are
more willing to accept screening CBE than mammography,’ in
which case screening CBE is particularly important.

Anatomic Basis of the Breast Examination

The female breast consists of glandular and fibrous tissue and
fat. Lobules of milk-producing glandular tissue radiate from
the nipple, centrally supported by fibrous strands. Breast tis-
sue, surrounded by superficial fascia, is attached to both the
skin and the pectoral fascia by supporting ligaments. Fat sur-
rounds the lobules of the breast, predominating in the super-
ficial and peripheral portions. Breast tissue extends from the
sternum medially to the midaxillary line laterally and from
the clavicle superiorly to the “bra line” inferiorly, a rectangu-
lar rather than a circular area. The normal breast does not
have a homogeneous texture but usually is somewhat lumpy
on palpation.

Common distortions of the breast architecture include cysts,
which are thought to arise from obstructed collecting ducts,
and fibroadenomas, which are caused by an overgrowth of
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periductal stromal connective tissue within the lobules of the
breast. Other benign processes within the ductal system may
cause a mass or nipple discharge such as mammary duct ecta-
sia and intraductal papilloma. Most of these benign lesions
carry no increased risk of breast cancer. One pathologic lesion,
atypical hyperplasia, does increase risk by 3 to 5 times.*® Each
of these benign processes may cause symptoms or signs that
mimic malignancy.

Breast cancer is an unrestrained proliferation of cells aris-
ing in tissue of the ducts or lobules. Cancer arising from
either type of tissue may be contained without spreading into
surrounding stroma (ductal carcinoma in situ, and lobular
carcinoma in situ) or may spread to contiguous tissues,
through lymph channels, or hematogenously. Although duc-
tal carcinoma in situ is a precursor lesion to invasive cancer,
controversy surrounds its prognostic significance.”® Lobular
carcinoma in situ is less common and is understood to be a
marker for increased risk of development of invasive cancer,
rather than a precursor lesion.’ Invasive breast cancer carries
a 15.3% 5-year mortality rate!’; advances in screening and
treatment have contributed to a decrease in the mortality rate
since 1989.1:12

Risk Factors for Breast Cancer

Breast cancer is expected to occur in approximately 12% of
American women during their lifetime."* Breast cancer risk
in the general population is most affected by age and family
history. The annual incidence at age 70 years (1 in 200) is 20
times higher than that at age 30 years (1 in 4000) (Table 8-1).1*
A woman with 2 first-degree relatives diagnosed as having
breast cancer at an early age has a relative risk more than 4
times that of a woman without such a family history."
Other risk factors are related to estrogen exposure (age of
menarche, first pregnancy and menopause, parity, and
estrogen replacement therapy'). Gail et al'® have developed
a model to estimate the breast cancer risk of individual
women according to known risk factors. Among a few
women, genetic mutations in the BRCAI gene and, less
commonly, BRCA2 gene confer a high risk of breast cancer
(50%-80% during a lifetime)'”"’; women with these muta-
tions account for only 3% of all breast cancer cases.”
Clinically, strong risk factors affect the likelihood that
any abnormality on CBE is cancer. For example, an abnor-

Table 8-1 Incidence of Breast Cancer Within 1 Year for Women at a
Given Age?

Age, y Breast Cancer Incidence
30 1in 4000
40 1in 800
50 11in 400
60 1in 300
70 1in 200
80 1in 200

#Data are from the United States and include all ethnicities from 1973-1995.™

mal finding is more likely to be malignant in an older
woman than in a younger woman. The Canadian National
Breast Screening Study (NBSS)?! reported the positive pre-
dictive value for CBE to be twice as high in women from
50 through 59 years than in women from 40 through 49
years. In the Breast Cancer Detection Demonstration
Project (BCDDP),” the ratio of benign to malignant
biopsy results decreased from 16.4 among women from 35
through 39 years to 3.2 for women from 60 through 69
years.

METHODS

We sought articles on effectiveness and test characteristics of
the CBE. We identified potential English-language sources
from the MEDLINE database for 1966 through 1997, using
the search terms “physical examination,” “palpation,” “breast,”
“breast diseases,” “diagnosis,” “diagnostic tests,” and “sensi-
tivity and specificity.” We reviewed all potentially relevant
articles and the reference lists of these articles. In addition,
other articles known to us and their references were reviewed.
We contacted investigators of several studies for further clari-
fication and, in some cases, for unpublished data. All authors
reviewed and agreed on the studies selected for inclusion in
the pooled analysis.

For information on the effectiveness of the CBE, we
included all controlled trials and case-control studies in
which CBE was at least a part of the screening modality.

Data on CBE techniques included information from both
clinical studies and studies using silicone models of the
breast. The data synthesis on test characteristics of screening
CBE in human populations used the following criteria: (1) CBE
performed on asymptomatic population, (2) all screening
outcomes reported (ie, total numbers of screens and positive
screens), (3) breast cancer outcome determined for all
screens, within a defined follow-up period, and (4) all breast
cancers histologically confirmed.

Summary measures for the sensitivity and specificity of the
CBE and for likelihood ratios (LRs) of a positive or negative
examination used published raw data from the reported tri-
als that met our criteria. A random-effects model was used to
generate conservative summary measures and confidence
intervals (CIs).??

EFFECTIVENESS OF CBE

Determining the effectiveness of screening CBE is difficult
because no clinical trial has compared CBE alone with no
screening. One randomized trial and one case-control study
compared the combination of screening CBE and mammog-
raphy with no screening and demonstrated statistically sig-
nificant decreased breast cancer mortality rates of 20% and
71%, respectively, in women between the ages of 40 and 64
years®? (Table 8-2). These results, along with the evidence
from randomized trials** and case-control studies’*? that
screening mammography alone decreases breast cancer mor-
tality rates, make designing a clinical trial in which the con-
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Table 8-2 Studies of Breast Cancer Screening That Included Clinical Breast Examination
Age of No. of Women Screening Modality Years Mortality
Womenat No.of Followed  Reduction,
Study Years Examiners Entry,y Intervention  Comparison Intervention  Comparison  Rounds Up RR (95% Cl)
Trials Comparing Screening Group With an Unscreened Group
Randomized Controlled Trials
HIP of New York? 1963- Surgeons 40-64 30131 30565 CBE yearly;  None 4 18 0.77
1966 M yearly (0.62-0.97)
Edinburgh random- ~ 1979-  Physi- 45-64 22944 21344 CBE yearly; ~ None 7 10 0.82
ized trial of breast 1988 cians, M alternate 0.61-1.1)
screening?’ nurses years
Nonrandomized Controlled Trial
UK Trial®.2%a 1979-  Physi- 45-64 45956 127109 CBE yearly;  None 7 10 0.86
1988 cians, M alternate 0.73-1.0)
nurses years
Case-Control Study
The DOM Project®®®'  1974-  Medical 50-64 14796 Invited: b CBE yearly;  None 4 8 0.29
1981  assistants 54 cases M yearly (0.14-0.62)
162 controls
Trials Comparing 2 Screening Strategies
Canadian NBSS 1% 1980- Nurses 40-49 25214 25216 CBE yearly; ~ CBE 1 time 5 7 1.4
1988 M yearly only (0.84-2.2)
Canadian NBSS 2% 1980-  Nurses 50-59 19711 19694 CBE yearly;  CBE yearly 5 7 0.97
1988 M yearly (0.62-1.5)

Abbreviations: CBE, clinical breast examination; Cl, confidence interval; HIP, Health Insurance Plan; M, mammography; NBSS, National Breast Screening Study; RR, relative risk;

UK, United Kingdom.
UK Trial includes data from the Edinburgh randomized trial.
*Ellipses indicate not applicable.

trol group members receive no screening unethical. It is
unlikely that CBE alone will ever be compared with no
screening in a randomized trial; therefore, we must use less
direct evidence.

Meta-analyses of trials*?* demonstrated that CBE or
screening mammography decreases breast cancer mortality
rates by about one-fourth in women from 50 through 69
years® and by 18% in women in their 40s.% In several of these
studies, breast cancer was detected using a combination of
CBE and mammography*2 (Table 8-2). These studies that
compared a combination screening strategy with no screen-
ing are the strongest scientific evidence for an effect of
screening CBE.

Other evidence comes from the randomized Canadian
NBSS 2, in which women from 50 through 59 years were
offered either a standardized CBE alone or a CBE and mam-
mography annually for 5 years. The 7-year breast cancer—
specific mortality rate for women in these 2 groups was simi-
lar,? suggesting that mammography may not offer mortality
rate advantages over a careful screening CBE, at least for
women in their 50s.%

Additional evidence comes from the Health Insurance
Plan (HIP) study,” conducted during mammography’s
infancy, in which most cancers were found by CBE. Mortal-
ity reduction after 10 years in the HIP trial of 29% was sim-
ilar to a 30% reduction in the Swedish Two-County Trial,

which used mammography alone. The similarity in the per-
centage of reduced mortality rates found in these 2 approaches,
along with the NBSS described above, argues for the effec-
tiveness of carefully conducted CBE.

Finally, we compared the sensitivity of CBE and mam-
mography in the trials that used both methods. In most
cases, mammography outperformed CBE (Table 8-3).
However, the sensitivity of the combined method was
greater than that of mammography alone because CBE
detected cancers that had been missed by mammography.
The proportion of cancers detected by CBE alone ranged
from 3.4% in the Edinburgh trial®® to 45% in the HIP
study.”® Proportions of breast cancers found by CBE but
missed by mammography in other studies~® range from
5.2% to 29%.°" In one series, among women younger
than 35 years, 23% of cancers were reported to be silent on
mammography.

The value of detecting breast cancers by CBE that are not
detected by mammography is not known. The results of
randomized trials using both modalities did not demon-
strate improved results over those using only mammogra-
phy; however, the many other differences in the trials make
comparisons difficult. The mortality rate in women in
whom breast cancer is missed by mammography and
detected by CBE was higher than that in women whose can-
cers were detected by mammography.?3233> However, these
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Table 8-3 Proportion of Cancers Detected by CBE and
Mammaography Screening

Method of Detection, %
No. of CBE

Study Years Cancers Mammography Only Both
Randomized Controlled Trials

HIP of New York® 1963- 132 33 45 22
1966

Edinburgh random- ~ 1978- 88 26 3 71

ized trial of breast 19812

screening*

Canadian NBSS 1% 1980- 255 40 24 36
1988

Canadian NBSS 2% 1980- 325 53 12 35
1988

Demonstration Projects

BCDDP2 1973- 2045 40 9 50
1981

West London? 1973- 29 34 31 34
1977

Abbreviations: BCDDP, Breast Cancer Detection Demonstration Project; CBE, clinical
breast examination; HIP, Health Insurance Plan; NBSS, National Breast Screening Study.
Data are from prevalence screen only.

women still may have benefited compared with women not
screened by CBE.

Bottom Line for Effectiveness

The strongest evidence for breast cancer mortality rate
reduction after screening CBE comes from studies in which
both CBE and mammography were part of breast cancer
screening. The individual contribution of CBE cannot be
established. In every study, CBE contributed to cancer detec-
tion independently of mammography. In one randomized
trial, the 7-year breast cancer mortality rate was similar
among women receiving a standardized CBE and women
receiving both CBE and mammography.

Test Characteristics

Summarizing the precision and accuracy of CBE is difficult for
several reasons. First, the examination is not well described in
the majority of studies, and it is known that conduct of CBE
varies widely.®® Second, available studies included women dif-
fering in age, history of symptoms (symptomatic and asymp-
tomatic), and practice settings (primary care or surgical).
Third, the reported test characteristics of CBE were deter-
mined sometimes with and sometimes without accompanying
mammography screening. The best standardized data come
from studies of CBE on silicone models, but the applicability
of these studies to women being screened is unknown.

Precision of Examination

Clinical breast examination, even when performed in large-
scale studies, has generally not been standardized; only 1 trial

(NBSS) reported any description of the examination tech-
nique.®’ The lack of attention to a standardized CBE tech-
nique may partly account for the interobserver variation
found in studies among clinicians performing CBE.

Thomas et al®? compared findings in 103 women screened
by 2 nurses and 2 surgeons independently. Agreement
between the 2 nurses for any breast abnormality had a k of
0.22, whereas the 2 surgeons’ Kk was 0.38. Chamberlain et al®
studied agreement between a nurse and a physician perform-
ing independent screening CBE, with a x of 0.43. Boyd et al**
reported that 4 surgeons found 37 to 74 of 100 women
screened to have abnormal findings; in only 25 women did
all 4 agree on the findings. The x value for agreement
between any 2 of the 4 surgeons was between 0.34 and 0.59.
None of these studies described the CBE technique used by
examiners.

Precision varies by the particular physical finding. Ten sur-
geons examining 242 women had varying indices of agree-
ment (which reflects the chance of agreement using the
method of Kendall and Stuart®®) for specific findings: the index
of agreement for nipple discharge was 14%; skin findings such
as dilated veins, 22%; peau d’orange, 24%; ulceration, 62%;
and visibility of lesion, 68%.% For a lump (“saturated nodule”)
the index of agreement was 59%.

Bottom Line for Precision

Clinicians using unstandardized CBE methods have demon-
strated moderate degrees of agreement beyond that expected
by chance. A standardized examination would likely improve
precision.

ACCURACY

To determine its accuracy as a screening test, CBE must be
compared with a criterion standard. Mammography cannot be
that standard because cancers that are missed by mammogra-
phy can be found on CBE. Histology alone also cannot be the
standard because tissue will never be obtained from all women
whose abnormalities are detected by CBE. Even less likely is
the histologic examination of breasts that are normal on exam-
ination to determine specificity. A compromise criterion stan-
dard is to follow up all screened women for a defined period;
women diagnosed as having breast cancer must have histologic
proof, and all cases of breast cancer among women screened
during the follow-up period must be counted. This admittedly
imperfect standard nevertheless is so stringent that few studies
of breast cancer screening??»3376 meet it.

We defined sensitivity as the number of women who had
cancer found on CBE, divided by the sum of screen-detected
cancers (found by CBE or mammography) and those interval
cancers diagnosed in the year after screening. Specificity was
defined as the number of women who had normal CBE
results and did not develop breast cancer during follow-up,
divided by all the women without cancer at the end of the
follow-up period.

The data show that sensitivity of CBE is far from perfect.
Pooled data from human studies give an overall estimate for



the sensitivity of the CBE of 54% (95% CI, 48%-60%) (Table
8-4). Clinical breast examination sensitivity was higher than
60%°>%*% when screening rounds included only physical
examination but was lower when both CBE and mammogra-
phy were used in the screening. This difference may reflect
the enhanced case-finding capacity of mammography. How-
ever, 2 of the 3 studies with higher sensitivity also were the
only ones using a well-described and standardized method of
CBE.*% It is possible that CBE sensitivity was higher because
of superior CBE technique.

The same trials provide data on the specificity of the CBE.
Individual trial specificity ranged from 86% to 99%, with a
pooled estimated specificity of 94% (95% CI, 90%-97%).

The combined data, pooled using a random-effects model
to adjust for heterogeneity, indicate that the LR of a positive
CBE result is 11 (95% CI, 5.8-19), whereas the LR of a nega-
tive test result is 0.47 (95% CI, 0.40-0.56). The positive LR is
more discriminating than the negative LR, which is to say, a
positive finding on examination conveys more information
about an increased chance of cancer than does the finding of
a benign examination offer certainty about the absence of
breast cancer. This would be expected, given what we know
about the frequent discovery by mammography of impalpa-
ble cancers.

Clinical breast examination is associated with a relatively
high false-positive rate and an even higher false-negative rate.
There are no data on the effect of the false-positive outcomes
in terms of subsequent health care use or on women’s psy-
chological status, both of which have been issues for false-
positive mammography results. 7

Lumps embedded in silicone breast models provide their
own standard. Clinical breast examination sensitivity as mea-
sured in silicone models (40%-71%) was similar to that
found in population studies.®*”'> On the other hand, speci-
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ficity measured in models was lower than in population stud-
ies (41%-77%).7'7

Bottom Line for Accuracy

The sensitivity of the CBE is approximately 54%. The speci-
ficity of the examination is about 94%.

Examiner Factors

Studies in humans and silicone models demonstrate several
factors, pertaining to both examiner and woman, that influ-
ence the accuracy of the CBE.

Duration of the Examination

Clinical breast examination duration correlated significantly
with lump detection accuracy in experiments involving sili-
cone breast models. In 5 studies, mean examination duration
was always longer for examiners with higher sensitivity
(Table 8-5). The highest recorded sensitivity in human stud-
ies (69%) was achieved in the NBSS, in which examiners
took between 5 and 10 minutes to complete examination of
both breasts.?!

Technique

The use of correct CBE technique (a systematic search pat-
tern, thoroughness, varying palpation pressure, 3 fingers, fin-
ger pads, and circular motion) also correlated with better
examination sensitivity in silicone models (Table 8-5). The
number of correct techniques was greater among examiners
with higher CBE sensitivity.

Examiner Experience

Experience with abnormal breast lumps may be important.
Even after controlling for technique differences, medical resi-
dents found more lumps in silicone models than lay women
did before special training.”* Almost none of the women had

Table 8-4 Sensitivity and Specificity of Clinical Breast Examination in Human Studies?

Screening No. of
Study Years Age, y Modality Rounds CBE Sensitivity, % CBE Specificity, % LR+ (95% Cl)®  LR—(95% CI)°
HIP of New York? 1963-1966 40-64 CBE and M 4 49 99 46 (39-54)  0.51(0.44-0.59)
UK Trial6768 1979-1988 45-64 CBE only 3 64 95 14 (12-16)  0.37(0.29-0.48)
CBE and M 4 51 e
Canadian NBSS 1% 1980-1988 40-49 CBE only 1 69 86 4.8 (4.2-5.5) 0.36 (0.27-0.49)
CBE and M 5 48 92 6.1(5.4-6.8) 0.57(0.50-0.63)
NBSS 2% 1980-1988 50-59 CBE only 5 63 94 11(9.6-12)  0.39(0.33-0.46)
CBE and M 5 40 94 7.2 (6.3-8.2) 0.63(0.58-0.69)
BCDDP% 1973-1981 35-74 CBE and M 5 52 .
West London?s¢ 1973-1977 >40 CBE and M 4 56 89 . ..
Pooled result (95% Cl) 54 (48-60) 94 (90-97) 11 (5.8-19)  0.47 (0.40-0.56)

Abbreviations: BCDDP, Breast Cancer Detection Demonstration Project; CBE, clinical breast examination; Cl, confidence interval; HIP, Health Insurance Plan; LR+, positive likeli-
hood ratio; LR—, negative likelihood ratio; M, mammography; NBSS, National Breast Screening Study.

Case definition includes all cancers found at screening (by either method) and interval cancers found within 12 months of screening, except where noted otherwise.

"An LR is the probability that persons with a disease have a particular test result divided by the probability that persons without the disease have that result. The LR+ is determined by divid-
ing the sensitivity by the probability of an abnormal CBE result among women without breast cancer (1 — specificity). The LR— is calculated as (1 — sensitivity)/specificity.

“Ellipses indicate not applicable.
iSpecificity data based on first round only, with 6 months’ follow-up.
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Table 8-5 The Relationship Between Clinical Breast Examination Sensitivity and Duration or Techniques Used on Silicone Models?

Mean Duration, min

Mean No. of Correct Techniques Used®

No. of Median Sensitivity < Sensitivity > Sensitivity < Sensitivity >
Study Participants Participants ~ Sensitivity, % Group Median Group Median Group Median Group Median
Women patients’’ 260 44 1.5 1.9 2.9 3.7
Medical students’® 151 100 2.3 2.8 2.7 3.7
Medical residents’ 60 61 1.7 2.5 2.9 3.4
Practicing physicians® 60 55 1.9 2.4 2.3 2.7
Total! 531 1.8 2.3 2.8 3.6

an each study, examiners were divided into 2 groups: those with examination sensitivity at or above the group median and those with sensitivity below the group median. Mean
values for duration and numbers of correct techniques used are presented for these 2 groups.

°0f a total of 6 correct techniques: systematic search pattern, thorough examination, varying palpation pressure, 3 fingers, pads of fingers, and small circular motion.

‘Russell Harris, MD, MPH, University of North Carolina at Chapel Hill, written communication, February 1999.

9P <.001 for pooled differences in both duration and number of techniques.

ever felt either a real or simulated breast lump before the
testing session, whereas 77% of the physicians had. Among
the residents, previous experience also predicted higher
sensitivity. After practice with silicone models containing
embedded lumps, the women’s abilities approached that of
physicians.”” However, 2 other studies found no differences
in sensitivity across categories thought to correlate with
experience.*”’

Bottom Line for Examiner Influence on Accuracy
Spending adequate time on the CBE and using the proper
techniques improve breast lump detection.

Patient Factors

Age

On average, younger women have denser breasts that make
lump detection more difficult, whereas in older women, the
breast becomes more fatty, making lump detection easier.”® In
one referral population, examiners’ sensitivity was 86% among
women aged 20 through 49 years and 96% among women aged
50 years and older.” Silicone models simulating postmeno-
pausal breast tissue improved sensitivity over that in models
simulating premenopausal breast tissue (64% vs 51%).”> Two
large trials came to a different conclusion, albeit among women
in narrowly defined age ranges. The BCDDP found CBE sensi-
tivity of 53% among women between 40 and 49 years and 48%
among women between 50 and 59 years.”2 The NBSS” reported
higher CBE sensitivity in women aged 40 through 49 years
(68%) compared with those aged 50 through 59 years (63%),
among women receiving both mammography and CBE. Fur-
ther study is needed on this issue.

Breast Characteristics

Clinical breast examination sensitivity is slightly lower in
women with larger breasts.® Women’s breasts also vary in the
amount of background glandular nodularity that is a normal
characteristic of breast tissue.®! Many women have ill-defined
fibrocystic changes that make their breasts feel particularly
lumpy; anecdotally, clinicians (and women) find it more diffi-
cult to detect breast cancer in lumpy breasts.

Cancer Characteristics

Breast cancers vary in size, hardness, mobility, and location
in the breast. Clinical breast examination sensitivity probably
varies according to these characteristics of cancers. Prognosis
generally follows cancer size at diagnosis, so it is important to
determine the accuracy of CBE for small cancers, that is, 2
cm or less. In the BCDDDP, sensitivity for noninfiltrating can-
cers was 35%; for infiltrating cancers smaller than 1 cm, 36%;
and for infiltrating cancers at least 1 cm, 52%.%

To date, most information about CBE accuracy by lump
characteristic comes from experiments carried out on silicone
breast models with embedded lumps varying in size, hardness,
and placement. These experiments found sensitivity increased
with lump size (from 14% for 3-mm lumps to 79% for 1-cm
lumps) and hardness (from 42% for 20-durometer lumps to
72% for 60-durometer lumps). Durometers are a measure of
hardness; 20 durometers corresponds to a soft to medium-
hardness grape, whereas a 60-durometer mass is almost as
hard as calcified bone. Medium or deep placement of the lump
in a model did not alter sensitivity.*>’>7

Bottom Line for Patient Effects on Accuracy
A woman’s age and the size and lumpiness of her breasts may
affect the ability of examiners to detect cancer. Size and hard-
ness of breast cancers also affect CBE sensitivity.

Suggested Approach

Many physical diagnosis textbooks give directions for carrying
out a breast examination.®® They all involve palpation and
inspection, but research has stressed palpation. The approach
outlined below is derived from a review of the research literature
and owes much to the work of Baines,>* Baines et al,! Baines and
Miller” and others*”*! because of their work in standardizing the
examination. Our recommendation incorporates practices from
the Mammacare Method because its components have been vali-
dated in independent investigations of CBE technique.”-7>%

Palpation

Variables important in palpating the breast correctly are patient
position; breast boundaries; examination pattern; finger posi-
tion, movement, and pressure; and duration of the examination.



Patient Position

Clinical breast examination requires flattening breast tissue
against the patient’s chest; she should be supine during the
examination. The importance of maneuvers to flatten the breast
depends on breast size; they are particularly useful in women
with large breasts. To flatten the lateral part of the breast, have
the patient roll onto her contralateral hip, rotate her shoulders
back into a supine position, and place her ipsilateral hand on her
forehead (Figure 8-1). To flatten the medial part of the breast,
the woman should lie flat on her back and move her elbow up
until it is level with her shoulder (Figure 8-1).

Breast Boundaries

Breast tissue extends laterally toward the axilla and superi-
orly toward the clavicle. To be sure that all breast tissue is
examined, it is best to cover a rectangular area bordered by
the clavicle superiorly, the midsternum medially, the midax-
illary line laterally, and the bra line inferiorly.

Examiner Pattern

Palpation begins in the axilla and extends in a straight line
down the midaxillary line to the bra line (Figure 8-1). The
fingers then move medially, and palpation continues up the
chest in a straight line to the clavicle. The entire breast is cov-
ered in this manner, going up and down between the clavicle
and the bra line. To examine all breast tissue, rows should be
overlapping. This vertical strip pattern (or lawnmower tech-
nique) was found to be more thorough than concentric cir-
cles or a radial spoke pattern.”? In one study, two-fifths of
physicians used no discernible pattern at all.®

Figure 8-1 Position of Patient and Direction of Palpation for the
Clinical Breast Examination

The figure shows the positioning of the patient for examining the (A) medial
and (B) lateral portions of the breast. See “Suggested Approach” section for
complete description.
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Fingers
Most texts scarcely describe what the fingers should do
during palpation, an ironic situation because the fingers
must detect and differentiate abnormal lumps in breast
tissue. Behavioral psychologists have shown that the finger
can detect a soft (20-durometer) 2-mm lump in simulated
breast tissue when specific techniques are used.®*** These
researchers developed a breast palpation technique (the
Mammacare Method) combining the vertical strip pattern
and specific finger techniques, taught using discrimina-
tion skill practice (with the use of silicone breast models)
to enhance lump detection. Their method is described
below.

The 3 middle fingers are held together, with the metacar-
pal-phalangeal joint slightly flexed. The pads (not tips) of the
fingers (Figure 8-2) are the examining surface. (Confusion

Figure 8-2 Palpation Technique

Pads of the index, third, and fourth fingers make small circular motions (A),
as if tracing the outer edge of a dime. A vertical strip pattern (B) ensures an
examination of the entire breast.
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é Light pressure

SUPERFICIAL

(~—3 Deep pressure

Figure 8-3 Levels of Pressure for Palpation of Breast Tissue Shown
in a Sagittal View of the Right Breast

The examiner should make 3 circles with the finger pads, increasing the level
of pressure (light, medium, and deep) with each circle.

regarding the definition of the finger pad exists even among
experienced examiners.*®) Each area is palpated by making
small circles as if following the edge of a dime (Figure 8-2).
At each spot, 3 circles with different pressures—light,
medium, and deep—are made to ensure palpation of all
levels of tissue (Figure 8-3).

Duration

A careful examination of an average-sized breast (brassiere
size B) takes at least 3 minutes (6 minutes for both breasts).
This is much longer than the average 1.8 minutes physicians
spent in one study examining both breasts and giving
instructions for breast self-examination.”* If it seems awk-
ward to spend this amount of time, clinicians should discuss
with patients the time needed to do a complete examination
and discuss the procedure during the examination.

Other Issues

Palpation of the supraclavicular and axillary regions to detect
adenopathy is a standard part of the CBE, though untested.
Breast cancer was found in a minority of women with iso-
lated axillary lymphadenopathy and normal CBE results in 2
series (12% and 29%, respectively).>*

Palpation of the nipple area is performed in the same man-
ner as the rest of the breast. Although some texts call for
squeezing the nipple to express discharge,*$%% among 448
women complaining of nipple discharge, expression of fluid

was not a useful prognostic sign for cancer. Of the women
with otherwise normal CBE findings, 3 (2%) of the 151
women with spontaneous discharges were diagnosed as hav-
ing cancer, whereas none (0%) of the 178 women with dis-
charges only apparent by expression were diagnosed as
having cancer.”

Inspection

The importance of inspection is unproved. Most commonly,
directions for inspection suggest that the woman face the
examiner with her arms at her side. The breasts are then
inspected for nipple abnormalities, dimpling, and retraction
or tethering of the skin. No adequate data support recom-
mendations of some authorities®"*!”’ to examine women in a
variety of other positions, such as raising her hands over her
head, putting her hands on her hips and bearing down (to
contract the pectoral muscles), or leaning forward to allow
the breasts to hang out from the chest.

In a series of 296 breast cancers found on breast examina-
tion,!" 96% were discovered on palpation, only 1% by retrac-
tion alone, and another 3% by visible nipple abnormalities.
The women’s position when these visual cues were elicited
was not reported. Inspection and positioning the patient for
inspection take time. Given these facts and given the press of
time, we suggest that in asymptomatic women clinicians
should concentrate on careful breast palpation, all the while,
of course, using their eyes. If the patient is symptomatic, or if
an abnormality is discovered during palpation of an asymp-
tomatic patient, careful inspection should be added.

Bottom Line of the Suggested Approach

Use a vertical strip pattern to cover all the breast tissue. Make
circular motions with the pads of the middle 3 fingers and
examine each breast area with 3 different pressures. Spend at
least 3 minutes on each breast.

Teaching the Technique

What is the evidence that using the Mammacare Method
improves lump detection abilities and that the technique can
be taught?

In one study, 20 lay women taught according to the Mam-
macare Method doubled their detection of known breast
lumps in other volunteer women, although they also increased
the number of false-positive detections after training.* Three
randomized trials using silicone breast models evaluated train-
ing of internal medicine residents, graduate nurses, medical
students, and female patients.””7* All showed that training
improved CBE sensitivity when measured on silicone models.
Pooling the results, the training improved sensitivity by 13
percentage points (95% CI, 10%-16%) from 46% to 59%,
whereas the specificity declined nonsignificantly by a mean of
4 points (95% CI,-8.9 to 0.7) from 61% to 57%.

Does the effect of teaching persist? In one study, 91
patients were taught the Mammacare Method and, 1 year
later, were able to find more lumps in silicone breast models
than women either taught the traditional (circular) CBE pat-
tern or not taught at all.”' Similar results occurred in ran-
domized studies using silicone models with medical students
and nurses,”>”® with the effect persisting from 4 to 6 months.



In most cases, sensitivity improved without adverse effects
on specificity. However, among medical residents, higher
sensitivity was at the expense of specificity in silicone model
testing. A 6-month medical record review of patients cared
for by these physicians did not demonstrate any deteriora-
tion in CBE specificity in patients.”

Are Lumps Ever Normal?

Normal breasts are often lumpy; the clinician’s job is to dis-
tinguish normal from abnormal (cancerous) lumps. Can-
cers classically are characterized as hard, fixed, and irregular,
whereas benign breast lumps are the opposite: soft or cystic,
movable, and regular. However, many cancers do not con-
form to the classic picture, and benign masses can mimic
cancers. LRs for the presence of these signs (calculated from
HIP data,'* after Mushlin!®®) are unimpressive, except for
fixed lesions (LR, 2.4) and lumps greater than 2 cm (LR,
1.9); none of the LRs fall in the range considered discrimi-
nating (Table 8-6). Table 8-6 also shows the resulting suc-
cession of probabilities if a 64-year-old woman had a mass
on CBE and if the mass had the listed positive findings. (It
is assumed that the findings are independent, although
there is not information about the independence of the
findings.) In 2400 women undergoing 10905 screening
CBEs in a community setting during a 10-year period, an
abnormal CBE result was associated with an LR of 2.1
(Joann G. Elmore, MD, MPH, Harborview Medical Center,
Seattle, Washington, written communication, June 1998). A
positive screening CBE result in an average-risk woman
conveys less risk of cancer than does a woman presenting
with a breast lump (LR, 55)!* or an abnormal screening
mammogram result (LR, 26).1%

Because the characteristics of cancerous lumps overlap
with those of noncancerous lumps, clinicians rarely diagnose
breast cancer with CBE. Careful CBE can locate abnormali-
ties. Further evaluation with other tests is then required.!%!%

THE BOTTOM LINE

Screening CBEs should be conducted for women who are at
risk for breast cancer and for whom breast cancer screening
has been shown effective. Presently, this includes women
older than 40 years. A well-conducted CBE can detect at least
50% of asymptomatic cancers and may contribute to mortal-
ity rate reduction in women screened.

Resolution of Scenarios

The discovery of a breast mass in a 64-year-old patient con-
veys an increased risk of cancer. Her pretest probability of
invasive cancer in the coming year is 0.35% (347 cases per
100000 women*). Your finding on CBE gives a posttest prob-
ability of 0.73% (Table 8-6). If the mass is greater than 2 cm
and has all the other malignant characteristics, the probabil-
ity of cancer increases to 8.8% (Table 8-6).

The 42-year-old woman with no breast symptoms has a
pretest probability of breast cancer of 0.12%, or 119 per
100000."* A normal CBE result would decrease her risk of
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Table 8-6 Breast Cancer Probabilities in a 64-Year-Old Woman
Assessed After Each of a Succession of Positive Findings®

Prior
Probability Successive  Successive
of Breast Posterior Posterior
Cancer, % Prior Odds Finding LR+> Odds® Probability, %
0.35 0.0035 Mass 2.1 0.007 0.73
Fixed 2.4 0.018 1.7
Hard 1.6 0.028 2.8
[rregular 1.8 0.051 49
>2-cm 1.9 0.097 8.8
Lump

Abbreviation: LR+, positive likelihood ratio.

aThe effect of a particular finding is expressed in the following way: prior odds x
likelihood ratio (LR) = posterior odds. Probabilities and odds are interconverted
according to these formulae: prior odds = prior probability/(1 — prior probability);
posterior probability = posterior odds/(1 + posterior odds).

"LRs are calculated from data on cases diagnosed through June 1970 in the Health
Insurance Plan Breast Cancer Screening Study,'® after Mushlin. %

¢The LR for each positive finding is applied to the posterior odds from the line above,
using an assumption that the findings contribute independently to the odds of breast
cancer.

breast cancer to 0.11%, but with such a low baseline risk, the
difference is hard to appreciate. An explanation of her low
pretest probability may suffice; however, the psychological
reassurance she may gain from a CBE could increase the
value of this maneuver.

Priorities for Research

Standardization of CBE is sorely needed. Numerous studies
suggest that the Mammacare Method improves the perfor-
mance characteristics of CBE on silicone models; further
work should be done to determine whether the Mammacare
technique (or other standardized methods) can improve CBE
sensitivity and specificity in patient populations. The contri-
bution of visual inspection has been found to be associated
with better outcomes in women who use it as part of breast
self-examination.'” This should be investigated as to its con-
tribution to the CBE.

Screening CBE may be particularly useful in women older
than 70 years because fatty changes in the breast make lump
detection easier, and older women do not accept mammog-
raphy as readily as younger women."’ Comparison of test
characteristics of standardized CBE with mammography in
older women is needed. At the other end of the age spectrum,
because mammography misses substantial numbers of breast
cancers in women younger than 50 years, studies are needed
to determine whether standardized CBE can contribute to
decreasing breast cancer mortality rates in this age group.

The cost-effectiveness of CBE screening deserves study if it
is to be compared with other maneuvers available for breast
cancer screening and compared with other primary care
maneuvers that it may displace in a 15-minute visit. Simi-
larly, cost-effectiveness of programs to teach providers how
to perform the examination should be evaluated.
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Although some argue that the CBE adds nothing to reg-
ular mammography screening, an overall view of the evi-
dence suggests that a carefully performed CBE detects
cancers that are potentially curable. If research confirms
that CBE is as effective as mammography in reducing
breast cancer mortality rates for older women, then physi-
cians will want to perform CBE regularly and perform it
well.
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UPDATE:

CLINICAL SCENARIO

A 55-year-old woman without a family history of breast or
ovarian cancer and without a personal history of mantle
radiation, suggesting average risk of breast cancer, comes
to your office requesting a magnetic resonance imaging
(MRI) for screening for breast cancer. Will the findings on
a clinical breast examination (CBE) affect the likelihood of
breast carcinoma?

UPDATED SUMMARY ON BREAST CANCER

Original Review

Barton MB, Harris R, Fletcher SW. Does this patient have
breast cancer? the screening clinical breast examination:
should it be done? how? JAMA. 1999;282(13):1270-1280.

UPDATED LITERATURE SEARCH

We searched the PubMed database for the period October
1998 to September 2004, using the terms “breast” and
“palpation,” in combination with the original search strat-
egy, including the terms “physical exam,” “professional
competence,” “medical history taking,” “sensitivity,” “spec-
ificity,” “observer variation,” “reproducibility of results,”
“diagnostic tests,” and “Bayes theorem.” The search was
limited to articles in English and indexed as human stud-
ies. Seventy-five articles were identified, and their abstracts
were reviewed. Seventeen potentially eligible articles were
retrieved according to their abstracts, and the articles and
their reference lists were reviewed. In addition, the titles of
43 articles that had referenced the original review were
reviewed and, of these, the abstracts of an additional 9
were considered. A total of 23 articles were read for
salience and quality. For the purpose of updating the
information synthesis on the characteristics of CBE in
human screening populations, only 1 article contained
data for both the sensitivity and specificity of the CBE,!
and an additional article provided data on sensitivity
only.? No studies have been published with relevant infor-
mation on the effectiveness of CBE during this interval.

Breast Cancer

Prepared by Mary B. Barton, MD
Reviewed by Kathryn A. Myers, MD, EdM

Several articles with information relevant to the teaching
of the CBE are included in this summary review.

NEW FINDINGS

+ Although finding a breast lesion on clinical examination
increases the likelihood of cancer (likelihood ratio [LR],
approximately 9), in community-based settings, the posi-
tive predictive value was low (2.9%-4.3%).

* The maximum expected sensitivity in asymptomatic
women in current general community practice is 36%.

+ About 5% of all breast cancer cases were detected by CBE
alone.

Details of the Update

Although no major advances in knowledge about the patho-
physiology of breast cancer have been made, the public level
of concern and the controversy around breast cancer screen-
ing continue to be high. In the last 5 years, there have been
scientific debates on the utility of mammography® and news-
paper exposés on the variability in quality of mammography
reading in the United States.! The publication of negative
data from 2 trials of breast self-examination®® resulted in a
repeated “insufficient evidence” recommendation from the
US Preventive Services Task Force (USPSTF)” and led to
downgrading the recommendation of teaching this practice
to “not recommended” by the Canadian Task Force.®
National Health Interview Survey data indicate that use of
the CBE has decreased during the last 10 years, whereas sub-
stantially more women reported recent mammography in
2000 than in 1990 (Table 8-7).°

Table 8-7 Mammography Screening Is Increasing as Clinical Breast
Examination Is Decreasing

% Reported % Reported

% Reported % Reported Mammography Mammography
Age,y CBE in 1990 CBE in 2000 in 1990 in 2000
40-49 83 76 55 65
50-64 78 79 56 79
65+ 71 68 43 68

Abbreviation: CBE, clinical breast examination.
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At the same time, new studies of MRI for breast cancer
screening in high-risk populations!®!* have generated public
interest in this technology. MRI in an average-risk popula-
tion has not been studied and would likely not be feasible
because of the low positive predictive value that would
accompany the use of such a highly sensitive test in a popula-
tion with a low prevalence of breast cancer.

A new large series of CBEs has been published by Bobo et
al' (see Table 8-8). This series of 752081 CBEs reported an
overall sensitivity of 59%; 5.1% of all cancers diagnosed were
found only by CBE (ie, were found in women with an abnor-
mal CBE result and a normal mammogram result). The sen-
sitivity must be viewed with 3 caveats: many women
presenting for examination in the Bobo et al' study did so
because of concern due to patient-observed palpable findings
(discovered on self-examination or by accident) or skin or
nipple changes; the sensitivity of the CBE in these women
was 85% vs 36% for women without symptoms (eg, a true
screening population). Second, although women with an
abnormal CBE or mammogram result were followed care-
fully to the resolution of the finding, there was no systematic
follow-up of women with normal examination results. Only
about 25% of these women returned the following year; for
this reason, the sensitivity estimate of the screening CBE
must be seen as an upper limit of the true sensitivity in this
population. Third, the technique for CBE was not standard-
ized across the many study sites, nor were any efforts at
ensuring the quality of the examination described. Because
of these limitations, we did not revise the LR estimates for
the clinical examination in detecting breast cancer during
screening evaluations. These caveats aside, the main finding
of this study, that CBE in the community could contribute to
breast cancer detection, is supported and is important from
an effectiveness point of view.

Oestreicher et al’ reported on 468 women with breast can-
cer who had taken part in a managed care organization’s
breast cancer screening program. In that program, CBE
detected 35% of tumors diagnosed within 1 year of screen-
ing, and 5.8% of the cancers were diagnosed by CBE and not
detected by mammography. Factors significantly associated
in a multivariable model with lower sensitivity of the CBE
were age younger than 50 years or older than 80 years and
increased body weight (defined as > 135 1b [61.2 kg]). Better
sensitivity was associated with Asian race (compared with
white) and tumors greater than 1 cm. Although this sample is

Table 8-8 Clinical Breast Examination Characteristics Change When
Women Have Breast Symptoms'

Finding LR+ (95% CI) LR- (95% CI)
Asymptomatic women 9.5(8.9-10) 0.66 (0.64-0.69)
Symptomatic women? 25((24-26) 0.22(0.20-0.25)

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative
likelihood ratio.

aSymptoms in the breast that cause a woman to present to a physician include pain,
finding of a lump, nipple discharge, or other change in the nipple or the skin, each of
which is associated with an increased risk of breast cancer.

small compared with that in the Bobo et al' study, there are
striking similarities in both the sensitivity of the screening
CBE and the proportion of cancers found only by CBE.

Costanza et al® described the results of a trial using standard-
ized patients to teach CBE skills to practicing clinicians; those
completing a 5-hour training session had improved performance
on each of 7 separate components of CBE technique. Vetto et al'
provided CBE training with silicone models to 205 practicing
primary care physicians and found in a pretest-posttest design
that lump detections increased significantly (proportion finding
from 3 to 5 of 5 lumps went from 59% to 94%; P < .001) and
false-positive detections decreased significantly (27% with 2 or
more before training, and 15% after training, P < .004).

IMPROVEMENTS IN THE DATA PRESENTED IN THE
ORIGINAL PUBLICATION

None.

CHANGES IN THE REFERENCE STANDARD

None.

RESULTS OF LITERATURE REVIEW
See Table 8-8.

EVIDENCE FROM GUIDELINES

Recent guidelines regarding the CBE remain as they were in
1999: an “I” recommendation (ie, the USPSTF concludes
that the evidence is insufficient to recommend for or against
routinely providing the service) from the USPSTF" and con-
sensus-based recommendations for annual screening from
the American Cancer Society (every 3 years for women aged
20-39 years and annually thereafter)!s and the American Col-
lege of Obstetricians and Gynecologists (annually for all
women)."” Breast self-examination by patients is now “not
recommended” by the USPSTF and Canadian Task Force.

CLINICAL SCENARIO—RESOLUTION

A 55-year-old woman at average risk of breast cancer
should have a careful medical history taken to elicit symp-
toms, be advised of the benefits and risks of screening
mammography,” and be offered a CBE. She should not be
offered MRI for screening according to the data available
at this time. If a CBE is performed, the LRs would suggest
the following according to the findings of the examina-
tion: with a baseline risk of cancer of 1 in 350 (or 2.8 per
1000) in the coming year, a normal examination result
(LR, 0.47) suggests a decrease in her risk to 1 in 744. An
abnormal examination result (LR+, 11) would suggest an
increase in risk to 1 in 33, and she should be referred for
further investigations and treatment.
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BREAST CANCER—MAKE THE DIAGNOSIS

PRIOR PROBABILITY

The risk of breast cancer increases as a function of age.
The lifetime risk for US women is 12%. The annual risk is
shown in Table 8-9.

Table 8-10 Detecting the Likelihood of Breast Cancer
Finding? LR+ (95% CI) LR- (95% CI)

CBE

11 (5.8-19) 0.47 (0.40-0.56)

Table 8-9 Breast Cancer Risk Increases With Age?'

Age,y Incidence, %
30 0.025

40 0.125

50 0.25

60 0.33

70 0.5

80 0.5

POPULATION FOR WHOM A SCREENING CBE
SHOULD BE CONSIDERED

+ Women who would be considered for mammography

screening (eg, women 40 years and older) should be
offered a CBE (Table 8-10).

+ Women with a positive family history for breast cancer

may benefit from breast cancer screening starting at a
younger age.

Abbreviations: CBE, clinical breast examination; CI, confidence interval; LR+, positive
likelihood ratio; LR—, negative likelihood ratio.
Pooled results based on 7 studies.?>?#

REFERENCE STANDARD TESTS

The reference standard for determining the outcomes of
screening for breast cancer continues to be temporal follow-
up, preferably 1 year after any negative testing result to ascer-
tain true-negative status.
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EVIDENCE TO SUPPORT THE UPDATE:

Breast Cancer

TITLE Findings From 752081 Clinical Breast Examina-
tions Reported to a National Screening Program From
1995 Through 1998.

AUTHORS Bobo JK, Lee NC, Thames SE.
CITATION J Natl Cancer Inst. 2000;92(12):971-976.

QUESTION What are the sensitivity, specificity, and
positive predictive value of clinical breast examinations
(CBE) performed in community settings?

DESIGN A national program designed to provide cancer
screening to low-income women paid for examinations
performed in a variety of settings. Records provided by
those providers included documentation of CBE findings,
as well as results of diagnostic evaluations for women with
abnormal CBE or mammogram findings. Complete fol-
low-up and ascertainment of interval cancers were not
available for all women.

SETTING United States: facilities including university and
community-based hospitals and clinics, health department
clinics, mobile mammography units, and private-practice
offices.

PATIENTS A total of 564708 adult women who pre-
sented for 752081 breast examinations. Of the examina-
tions, 87815 were done on women who were known to
have breast symptoms at the examination; 589048 were
performed on asymptomatic women.

DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD

CBE technique was not dictated or described. Concurrent mam-
mography was provided in nearly all CBEs. Interval cancers
could be determined only for patients with more than 1 screen-
ing record in the study period (~25% of the population).

MAIN OUTCOME MEASURES

Sensitivity, specificity, and positive predictive value.

MAIN RESULTS
See Table 8-11.

CONCLUSIONS
LEVEL OF EVIDENCE Analysis of a large database.

STRENGTHS This study contains valuable data on current
practice outside of research settings. This national undertak-
ing to provide screening services to low-income women had
the forethought to require documentation of findings in a
consistent manner. It is the largest such report of a multi-
center database of nonresearch clinical examinations.

LIMITATIONS The data include more than 750000 CBEs,
but the number done in asymptomatic women is lower. The
sensitivity and the likelihood ratios associated with the exam-
ination differ, depending on whether a woman has symptoms
or not. Symptoms in the breast that bring a woman to

Table 8-11 Clinical Breast Examination Characteristics Change When Women Have Breast Symptoms

Clinical Breast Examination Sensitivity, % Specificity, %  Positive Predictive Value, % (95% Cl) LR+ (95% Cl) LR-(95% CI)
Asymptomatic patients 36 96 2.9 (2.6-3.1) 9.5(8.9-10) 0.66 (0.64-0.69)
Symptomatic patients 85 73 5.6 (5.3-5.9) 2.5 (2.4-2.6) 0.22 (0.20-0.25)

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative likelihood ratio.

“Calculated from data provided in the report.
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present to a physician include pain, finding of a lump, nipple
discharge, or other change in the nipple or the skin, each of
which is associated with an increased risk of breast cancer.!
Although 87% of the examinations in the series were done
on asymptomatic women, 47% of the cancers detected were
found in women who came to the program with symptoms.

With regard to screening CBE in the asymptomatic popu-
lation, several points are worthy of note. First, the measured
sensitivity of the CBE must be seen as an upper limit to the
true sensitivity because there was no systematic follow-up of
women who had normal examination results, and one must
allow that interval cancers occurred in the group of women
lost to follow-up, which are not recorded. Second, the lack of
standardized procedures used in the performance of the CBE
causes one to wonder for this study, as for most of the screen-
ing studies reviewed in the original article, whether the per-
formance characteristics of the CBE would improve with
trained examiners following a standard protocol.

REFERENCE FOR THE EVIDENCE

1. Barton MB, Elmore JG, Fletcher SW. Breast symptoms among women
enrolled in a health maintenance organization: frequency, evaluation,
and outcome. Ann Intern Med. 1999;130(8):651-657.

Reviewed by Mary B. Barton, MD

TITLE Predictors of Sensitivity of Clinical Breast Exami-
nation.

AUTHORS Oestreicher N, White E, Lehman CD, Man-
delson MT, Porter PL, Taplin SH.

CITATION Breast Cancer Res Treat. 2002;76(1):73-81.

QUESTION What factors influence the sensitivity of the
clinical breast examination (CBE) in screening for breast
cancer?

DESIGN Analysis of data linkage between a breast can-
cer screening program involving both CBE and mammog-
raphy and a population-based cancer registry.

SETTING Breast cancer screening program of a large
health maintenance organization in Washington State.

PATIENTS Women who had undergone screening and
who were diagnosed with a first breast cancer within 12
months of the screening examination were potentially eli-
gible to be included (n = 474). Four of these women were
excluded because of the presence of breast implants and 1
each because of symptoms at the screening visit and at the
request of the patient.

DESCRIPTION OF TESTS AND DIAGNOSTIC STANDARD

CBE technique is not described, but the training of examin-
ers is described and the authors state that examiners were
CBE-certified by the American Cancer Society. Concurrent
mammography was provided in all CBEs, but in most cases,
the results of the mammogram were not available to the
examiner. Breast cancer diagnoses were determined from the
Surveillance, Epidemiology and End-Results cancer registry
of Seattle-Puget Sound.

MAIN OUTCOME MEASURE
Sensitivity of CBE.

MAIN RESULTS

The sensitivity of the breast examination was 0.35 (95% CI
0.31-0.39). The authors found in multivariable analyses that
CBE sensitivity was significantly higher for women with
larger tumors at diagnosis, for Asian women compared with
white women, and for women with normal body mass index
or weight compared with women with increased body mass
index. The sensitivity of CBE was lower in women at
extremes of age (ie, 40-49 years or = 80 years) compared with
that in women aged 50 to 59 years.

CONCLUSIONS
LEVEL OF EVIDENCE Level 4 (“sensitivity-only” study).

STRENGTHS This study used a comprehensive breast can-
cer screening program in a stable managed-care population
and linked these data to a population-based cancer registry
to ascertain cancer outcomes of women screened.

LIMITATIONS Although the data were somewhat old (all
cancers diagnosed 8 or more years before the date of publica-
tion), the technique of CBE had not changed during that
time. Because of the nature of the analysis, the study could
confidently assess sensitivity of CBE only among women in
whom cancers were diagnosed and could not assess the spec-
ificity or the positive predictive value of CBE.

The authors observed that their study is one of effective-
ness, not efficacy, in comparing their findings with those of
the Canadian NBBS studies. Although this may be true, one
imagines that, even in an actual clinical setting, the use of
standardized best practice procedures in the performance of
the CBE could not hurt, and might help the performance
characteristics of the CBE.

Reviewed by Mary B. Barton, MD
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CLINICAL SCENARIOS

CASE 1 A 50-year-old man undergoes a general physical
examination for his insurance policy. A left-sided, focal,
systolic carotid bruit is identified. There is no history of
stroke or transient ischemic attack (TIA).

CASE 2 A 50-year-old man undergoes a preoperative
examination the evening before he is to undergo coronary
artery bypass surgery. A bruit identical to that found in
the first patient is heard. There is no history of cerebrovas-
cular symptoms.

CASE 3 A 50-year-old man presents to the emergency
department with a history of a transient (less than 1 hour)
slurring of speech and right-arm weakness. There is no
history of cerebrovascular disease, and the physical exami-
nation reveals a focal, left-sided, systolic carotid bruit.

THE IMPORTANCE OF CLINICAL EXAMINATION

The clinical significance of the identical-sounding bruits is
vastly different in these patients. In each of them, the coup-
ling of a thoughtful history with a competent physical exami-
nation will lead to different prognostic predictions and
differing courses of appropriate clinical action.

THE CAROTID ARTERY AS A CAUSE
FOR BRUITS IN THE NECK

The right common carotid artery arises from the brachio-
cephalic artery (the first branch of the aortic arch), and the
left arises directly from the aortic arch. The common carotid
arteries run upward and backward through the neck, from
the sternoclavicular joint to the upper border of the thyroid
cartilage, where they divide into the external and internal
carotid arteries (Figure 9-1). The external carotid artery ter-
minates in the substance of the parotid gland, where it
divides into the superficial temporal and mandibular arter-
ies. The internal carotid artery ascends to the base of the skull
and enters the cranium through the carotid canal in the tem-
poral bone.

Although bruits of the carotid artery have been reported in
approximately 20% of children younger than 15 years, they
occur in about 1% of healthy adults.! Carotid bruits can be
heard in states of increased vascular flow such as thyrotoxico-
sis, anemia, and arteriovenous fistulas. A relatively common
example of the latter occurs with the creation of a forearm
fistula in patients receiving hemodialysis.? In a convenience
sample of 15 long-term hemodialysis patients, Messert et al?
found bilateral carotid bruits in 5 patients and a unilateral
bruit in 6 patients. The bruit was usually louder on the side

Copyright © 2009 by the American Medical Association. Click here for terms of use.
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Figure 9-1 Anatomy of the Right Carotid Artery

Carotid bruits are heard best in the polygonal area (shaded in blue). This area is
bounded superiorly by the angle of the jaw, inferiorly by the upper border of the
thyroid cartilage, and posteriorly by the sternocleidomastoid muscle.

of the fistula and was often associated with a subclavian bruit
(in 13 of 15 patients). Carotid artery stenosis, typically
caused by atherosclerosis, is the underlying condition to be
considered when one hears a carotid bruit, and the accuracy
of this sign is discussed below. However, a bruit may be heard
over the bifurcation of the carotid artery when the associated
angiogram shows either a normal or a completely occluded
internal carotid artery; in these cases, the bruit may arise
from a stenosed external carotid artery.?

HOW TO HEAR CAROTID BRUITS

In a quiet room, with the patient relaxed, it is conventional
to use the bell of the stethoscope and to listen for carotid
bruits over an area beginning from just behind the upper
end of the thyroid cartilage to just below the angle of the
jaw (Figure 9-1).*> No method of auscultation has been
demonstrated to be superior to another. Most carotid bruits
are heard only in systole, but some are heard in both systole
and diastole, the significance of which is unclear, given the
poor clinical agreement on the assessment of the duration
of carotid bruits.®

Carotid bruits make up but a portion of all neck bruits.
Systolic heart murmurs transmitted to the neck usually can
be differentiated from carotid bruits because they are louder
over the precordium than over the neck.

Venous hums, caused by flow in the internal jugular vein,
have been reported to occur in approximately 25% of young
adults.” They are easily distinguishable from carotid bruits,
being most prominent in diastole, with the patient sitting
and the head turned away from the side of auscultation.
Venous hums are rarely heard with the patient lying down
and are always abolished either by the compression of the
ipsilateral internal jugular vein cephalad to the stethoscope
or by Valsalva maneuver.®’

PRECISION OF AUSCULTATION FOR CAROTID BRUITS

Among 55 patients examined independently by 2 neurolo-
gists (both of whom had normal audiogram results), the
agreement beyond chance for the presence of a bruit was
substantial, with a k¥ of 0.67. However, agreement regard-
ing the intensity, pitch, or duration of the bruit was only
fair (x < 0.40).°

THE IMPORTANCE OF CAROTID BRUITS IN
DIFFERENT CLINICAL PRESENTATIONS

Case 1: The Asymptomatic Ambulatory Bruit

How Often Should We Expect to Find an

Asymptomatic Carotid Bruit?

In a community-based study, Heyman et al' found the prev-
alence of asymptomatic cervical bruits (bruits heard in the
supraclavicular area or anterior to the sternocleidomastoid
muscle) to increase with age, from 2.3% in the age group of
45 to 54 years to a high of 8.2% in the age group of 75 years
or older. Bruits were more common in women and hyperten-
sive patients.

If No Bruit Is Found at This Examination, What Are

the Chances of Developing a Bruit De Novo

During the Following Years?

The incidence of de novo bruits also increases with age. Wolf
et al'! estimated that of a cohort of 100 adults aged 65 years
or older, approximately 1% per year (7 during the next 8
years) will develop a new carotid bruit, a rate twice that of
individuals aged 45 to 54 years.

What Are the Prognostic Implications of Discovering an
Asymptomatic Carotid Bruit During a General Physical
Examination in a 50-Year-Old Man?

Asymptomatic carotid bruits are associated with increased
incidence of both cerebrovascular and cardiac events in this
age group. For example, Wiebers et al'? conducted a 5-year
prospective, population-based study of 2 unmatched but
generally similar cohorts, one of which had carotid bruits
(566 individuals) and one of which did not (428 individuals).
The average annual stroke rates were 3 times as high in
patients with bruits (1.5%) compared with those without
(0.5%), and similar ratios were also found for TIAs (0.9% vs
0.2%). Most strokes and TIAs occurred on the same side as
the bruit. The prognosis was not different for the various
types of carotid bruits (diffuse vs localized, isolated systolic
vs systolic and diastolic). In a second prospective, popula-



tion-based cohort, Heyman et al'® followed up 1620 asymp-
tomatic adults aged 45 years or older for 6 years and again
found a higher incidence of strokes in patients with cervical
bruits (odds ratio [OR], 4.2). The association appeared
stronger in men (OR, 7.5) than in women (OR, 1.6). Hey-
man et al'* also found a 3.4-fold higher risk of death from
ischemic heart disease in men with asymptomatic cervical
bruits (90% confidence interval [CI], 1.1-11), and a 1.9-fold
higher risk in women (90% CI, 0.7-5).

A randomized trial of carotid endarterectomy in asymp-
tomatic carotid stenoses of at least 50% reported a decrease
in TIAs after surgery.”® However, there was no decrease in dis-
abling or fatal stroke after surgery, and most clinicians would
not refer such patients for angiography.

In the elderly (older than 75 years), there may not be an
increased risk of stroke with asymptomatic carotid bruits.
Among nursing home residents, the 3-year incidence of
TIA or stroke was 10% when a bruit was present and 9%
when it was absent, a relative risk of only 1.1 (95% CI,
0.45-2.7).14

Case 2: The Asymptomatic Preoperative Bruit

How Often Should We Expect to Find an Asymptomatic
Carotid Bruit on Routine Preoperative Assessment?

The prevalences reported in the 4 surgical cohort studies that
assessed for the presence of bruits preoperatively range from
a low of 6% (Ivey et al®) to a high of 16% (Evans and
Cooperman'®), with an overall average of approximately
10%. These figures are significantly higher than those in the
general population (average, 4.4%), probably because 3 of
the 4 surgical series were patients undergoing major vascular
procedures, in which the prevalence of systemic atherosclero-
sis is increased.

Are Patients With Asymptomatic Preoperative Bruits at
Higher Risk of Perioperative Stroke?

As shown in Table 9-1, only Barnes et al”? of the 4 studies!>8
found an increased incidence of permanent neurologic com-
plications after surgery among patients with preoperative
asymptomatic carotid bruits. When combined with the other
3 studies, the difference becomes a nonsignificant trend
favoring fewer strokes among patients with carotid bruits
(pooled rate difference,” —0.6% [95% CI, —1.6% to 0.4%];
pooled OR,* 0.94 [95% CI, 0.22-3.9]).
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On the other hand, Ivey et al'® found an increase (11% vs
2%; P < .001) in transient, nonfocal neurologic abnormalities
(such as intellectual and behavioral changes) in patients with
asymptomatic bruits who underwent cardiac procedures.

Case 3: The Symptomatic Bruit

Should Further Diagnostic or Therapeutic Procedures Be
Carried Out in Patients With Symptomatic Carotid Bruits?
Two randomized controlled trials?»* demonstrated that
carotid endarterectomies markedly decrease mortality and
stroke in patients with symptomatic, high-grade (70%-99%)
carotid stenosis. Accordingly, the onus is on the physician to
rule in or rule out high-grade carotid stenosis in all patients
with anterior-circulation TIAs or minor strokes, regardless of
bruits.

Does the Presence or Absence of a Carotid Bruit
Accurately Reflect the Degree of Underlying
Carotid Artery Stenosis in Symptomatic Patients?
The relationship between carotid bruits in patients with cere-
brovascular symptoms and angiographically determined
carotid stenoses is summarized in Table 9-2.2% The 2 studies
that reported data specifically about high-grade stenoses
found an association with carotid bruits.”* The likelihood
ratios for high-grade carotid stenoses were 3.2 and 1.6 when
bruits were present and 0.3 and 0.6 when bruits were absent.
Unfortunately, however, this relationship is not strong
enough for the clinician to be able to use the presence of a
bruit to rule in, or the absence of a bruit to rule out, high-
grade carotid stenosis. For example, in the North American
Symptomatic Carotid Endarterectomy Trial (NASCET),”
more than one-third of patients with high-grade stenoses
had no detectable bruits, and the presence of a focal carotid
bruit increased the probability of underlying high-grade
(70%-99%) carotid stenosis by only 11%, from a preexami-
nation probability of 52% to a postexamination probability
of 63%. Furthermore, the NASCET also showed that no
other bruits (supraclavicular, ophthalmic, or contralateral)
added to the accuracy of the finding.

THE BOTTOM LINE

1. Asymptomatic carotid bruits are relatively common.
Their prevalence increases with age. They are associated

Table 9-1 Risk of Perioperative Stroke in Patients With Preoperative Carotid Bruits

No. of Patients With Perioperative Stroke/ No. of Patients With Perioperative Stroke/

Studies Types of Patients Total No. of Patients With Bruits (%) Total No. of Patients Without Bruits (%) P2

Barnes et al'” Coronary artery bypass graft 2/44 (4.5) 3/405 (0.7) .02
and vascular surgery

Evans and Cooperman’® Major vascular surgery 0/92 (0) 4/496 (0.8) .39

lvey et al'® Cardiac surgeries 0/82 (0) 9/1339 (0.7) 46

Ropper et al’® All elective surgeries for 0/82 (0) 4/592 (0.7) 46

those >55y

aUsing the 2 test.
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Table 9-2 Ability of Carotid Bruits to Indicate Various Degrees of Angiographic Carotid Stenosis in Patients With Symptoms

Studies Types of Patients Degree of Stenosis Predicted, %  Sensitivity ~ Specificity LR+ PretestP Posttest P
Ingall et al® Various symptoms 50-99 0.37 0.94 57 25 .65
Ziegler et al* TIA >50 0.29 0.88 2.4 .08 A7
Hankey and Warlow?® Anterior-circulation TIA 75-99 0.76 0.76 3.2 16 37
North American Symptomatic ~ Anterior-circulation TIA 70-99 0.62 0.61 1.6 .52 .63

Carotid Endarterectomy Trial
Collaborators®

Abbreviations: LR+, positive likelihood ratio; TIA, transient ischemic attack.

with a long-term increase in cerebrovascular and cardiac
events, except perhaps in individuals older than 75 years.

2. Asymptomatic preoperative bruits are not predictive of
increased risk of perioperative stroke. However, they may
be harbingers of transient postoperative cognitive and
behavioral abnormalities.

3. Although the presence of a carotid bruit in a patient with
carotid-territory cerebrovascular symptoms increases the
probability that the underlying stenosis is high grade (and
therefore amenable to endarterectomy), the accuracy of
this physical finding is low. Accordingly, the presence of a
carotid bruit cannot be used to rule in, nor can its absence
be used to rule out, surgically amenable carotid artery ste-
nosis in symptomatic patients.
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