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CLINICAL SCENARIO
You are a medical consultant asked

by a surgical colleague to see a 78-year\x=req-\
old woman, now 10 days after abdomi-
nal surgery, who has become increas-
ingly short of breath over the last 24
hours. She has also been experiencing
what she describes as chest discomfort,
which is sometimes made worse by tak-
ing a deep breath (but sometimes not).
Abnormal findings on physical exami-
nation are restricted to residual tender-
ness in the abdomen and scattered
crackles atboth lung bases. Chest roent-
genogram reveals a small right pleural
effusion, but this is the first roentgeno-
gram since the operation. Arterial blood
gases show a Po2 of 70 mm Hg, with a
saturation of 92%. The electrocardio-
gram shows only nonspecific changes.You suspect that the patient, despite
receiving 5000 U of heparin twice a day,
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mayhavehadapulmonaryembolus (PE).
You request a ventilation-perfusion scan(V/Q scan), and the result reported to the
nurse over the telephone is "intermedi¬
ate probability" for PE. Though still
somewhat uncertain about the diagno¬
sis, you order full anticoagulation. Al¬
though you have used the V/Q scan fre¬
quently in the past and think you have a
fairly good notion of how to use the re¬
sults, you realize that your understand¬
ing is based on intuition and local prac¬
tice rather than on the properties ofV/Q
scanning fromtheoriginal literature. Con¬
sequently, on your way to the nuclear
medicine department to review the scan,
you stop off in the library.
THE SEARCH
Your plan is to find a study that will

tell you about the properties ofV/Q scan¬
ning as it applies to your clinical prac¬
tice in general and this patient in par¬
ticular. You are familiar with the soft¬
ware program GRATEFUL MED and
use this for your search. The program
provides a listing of Medical Subject
Headings (MeSH), and your first choice
is "pulmonary embolism." Since there
are 1749 articles with that MeSH head¬
ing published between 1989 and 1992
(the range of your search), you are go¬
ing to have to pare down your search.
You choose two strategies: you will pick
only articles that have "radionuclide im¬
aging" as a subheading and also have
the associated MeSH heading "compara¬
tive study" (since you will need a study
comparing V/Q scanningwith some ref¬
erence standard). This search yields 31
articles, of which you exclude 11 that
evaluate new diagnostic techniques, nine

that relate to the diagnosis and treat¬
ment of deep venous thrombosis, and
one that examines the natural history of
PE. The remaining 11 address V/Q scan¬
ning in PE. One, however, is an edito¬
rial; four are limited in their scope (deal¬
ingwith perfusion scans only, with situ¬
ations in which the diagnostic workup
should begin with pulmonary angiogra¬
phy, or with a single perfusion defect).
Of the remainder, the Prospective In¬
vestigation ofPulmonary Embolism Di¬
agnosis (PIOPED) study1 catches your
eye, both because it is in a widely read
journal with which you are familiar and
because it is referred to in the titles of
several of the other articles. You print
the abstract of this article and find it
includes the following piece of informa¬
tion: among people with an intermedi¬
ate result of the V/Q scan, 33% had PE.
You conclude you have made a good
choice and retrieve the article from the
library shelves.
This article in the "Users' Guides to

the Medical Literature" series and the
one that follows will demonstrate an ap¬
proach to making optimal use of the ar¬
ticle.

INTRODUCTION
Clinicians regularly confront dilem¬

mas when ordering and interpreting di¬
agnostic tests. The continuing prolifera¬
tion of medical technology renders the
clinician's ability to assess articles about
diagnostic tests ever more important.
Accordingly, this article will present the
principles ofefficiently assessing articles
about diagnostic tests and optimally us¬
ing the information they provide. Once
you decide, aswas illustrated in the clini-
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cal scenario with the PIOPED article,
that an article is potentially relevant
(that is, the title and abstract suggest
the information is directly relevant to
the patient problem you are address¬
ing), you can invoke the same three ques¬
tions that we suggested in the "Intro¬
duction" and the articles on therapy2"4
(Table 1).
Are the Results of the Study Valid?
Whether one can believe the results

ofa study is determined by the methods
used to carry it out. To say that the
results are valid implies that the accu¬

racy of the diagnostic test, as reported,
is close enough to the truth to render
the further examination of the study
worthwhile. First, you must determine
ifyou canbelieve the results ofthe study
by considering how the authors as¬
sembled their patients and how they
applied the test and an appropriate ref¬
erence (or "gold" or "criterion") stan¬
dard to the patients.
What Are the Results of the Study?
If you decide that the study results

are valid, the next step is to determine
the diagnostic test's accuracy. This is
done by examining (or calculating for
yourself) the test's likelihood ratios (of¬
ten referred to as the test's "proper¬
ties").
Will the Results Help Me
in Caring for My Patients?
The third step is to decide how to use

the test, both for the individual patient
and for your practice in general. Are the
results of the study generalizable—ie,
can you apply them to this particular
patient and to the kind of patients you
see most often? How often are the test
results likely to yield valuable informa¬
tion? Does the test provide additional
information above and beyond the his¬
tory and physical examination? Is it less
expensive or more easily available than
other diagnostic tests for the same tar¬
get disorder? Ultimately, are patients
better off if the test is used?
In this article we deal with the first

question in detail, while in the next ar¬
ticle in the series we address the second
and third questions.We use the PIOPED
article to illustrate the process.
In the PIOPED study, 731 consenting

patients suspected of having PE under¬
went both V/Q scanning and pulmonary
angiography. The pulmonary angiogram
was considered to be the best way to
prove whether a patient really had a PE
and therefore was the reference stan¬
dard. Each angiogram was interpreted
as showing one of three results: PE
present, PE uncertain, orPE absent. The
accuracy of the V/Q scan was compared

Table 1.—Evaluating and Applying the Results of
Studies of Diagnostic Tests
Are the results of the study valid?
Primary guides:
Was there an independent, blind comparison
with a reference standard?

Did the patient sample include an appropriate
spectrum of patients to whom the diagnostic
test will be applied in clinical practice?

Secondary guides:
Did the results of the test being evaluated
influence the decision to perform the reference
standard?

Were the methods for performing the test
described in sufficient detail to permit
replication?

What were the results?
Are likelihood ratios for the test results presented
or data necessary for their calculation provided?

Will the results help me in caring for my patients?
Will the reproducibility of the test result and its
interpretation be satisfactory in my setting?

Are the results applicable to my patient?
Will the results change my management?
Will patients be better off as a result of the test?

with the angiogram, and the V/Q scan
results were reported in one of four cat¬
egories: high probability (for PE), inter¬
mediate probability, low probability, or
near normal or normal. The comparisons
of the V/Q scans and angiograms are
shown in Tables 2 and 3. We'll get to the
differences between these tables later;
for now, let's apply the first of the three
questions to this article.
ARE THE RESULTS
OF THE STUDY VALID?
Primary Guides
Was There an Independent, Blind

Comparison With a Reference Stan¬
dard?—Theaccuracyofadiagnostic test
is best determined by comparing it with
the "truth." Accordingly, readers must
assure themselves that an appropriate
reference standard (such as biopsy, sur¬
gery, autopsy, or long-term follow-up)
has been applied to every patient, along
with the test under investigation.5 In
the PIOPED study, the pulmonary an¬

giogram was used as the reference stan¬
dard and this was as "gold" as could be
achievedwithout sacrificing the patients.
In readingarticles about diagnostic tests,
if you can't accept the reference stan¬
dard (within reason, that is—nothing is
perfect!), then the article is unlikely to
provide valid results for your purposes.
If you do accept the reference stan¬

dard, the next question is whether the
test results and the reference standard
were assessed independently of each
other (that is, by interpreters who were
unaware of the results of the other in¬
vestigation). Our own clinical experience
shows us why this is important. Once
we have been shown a pulmonary nod¬
ule on a computed tomographic scan, we
see the previously undetected lesion on
the chest roentgenogram; once we learn
the results of the echocardiogram, we
hear the previously inaudible cardiac

Table 2.—The Relationship Between the Results of
Pulmonary Angiograms and Ventilation-Perfusion
Scan Results in Patients With Successful
Angiograms

Angiogram
I I
Pulmonary Pulmonary
Embolus Embolus
Present AbsentScan Category

High probability 102 14
Intermediate probability 105 217
Low probability 39 199
Near normal/normal 5 50
Total 251 480

Table 3.—The Relationship Between the Results of
Pulmonary Angiograms and Ventilation-Perfusion
Scan Results*

Angiogram
I I
Pulmonary Pulmonary
Embolus Embolus
Present AbsentScan Category

High probability 102 14
Intermediate probability 105 217
Low probability 39 273
Near normal/normal 5 126
Total 251 630

'Includes 150 patients with low probability and near
normal/normal ventilation-perfusion scans, no (136) or
uninterpretable (14) angiograms, and no clinically im¬
portant thromboembolism on follow-up.

murmur. The more likely it is that the
interpretation of a new test could be
influenced by knowledge of the refer¬
ence standard result (or vice versa), the
greater the importance of the inde¬
pendent interpretation of both. The
PIOPED investigators did not state ex¬
plicitly that the tests were interpreted
blindly in the article. However, one could
deduce from the effort they put into
ensuring reproducible, independent
readings that the interpreters were in
fact blinded, and we have confirmed
through correspondencewith one of the
authors that this was so. When such
matters are in doubt, most authors are
happy to clarify if directly contacted.
Did the Patient Sample Include an

Appropriate Spectrum of Patients to
Whom theDiagnostic TestWill Be Ap¬
plied inClinical Practice?—A diagnos¬
tic test is really useful only to the extent
it distinguishes between target disor¬
ders or states that might otherwise be
confused. Almost any test can distin¬
guish the healthy from the severely af¬
fected; this ability tells us nothing about
the clinical utility of a test. The true,
pragmatic value of a test is therefore
established only in a study that closely
resembles clinical practice.
A vivid example of how the hopes

raised with the introduction of a diag¬
nostic test can be dashed by subsequent
investigations comes from the story of
carcinoembryonic antigen (CEA) in col¬
orectal cancer. Carcinoembryonic anti¬
gen levels, when measured in 36 people
with known advanced cancer of the co-
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Ion or rectum, were elevated in 35 of
them. At the same time, much lower
levels were found in normal people and
in a variety of other conditions.6 The
results suggested that measurement of
CEA levels might be useful in diagnos¬
ing colorectal cancer or even in screen¬

ing for the disease. In subsequent stud¬
ies ofpatientswith less advanced stages
ofcolorectal cancer (and, therefore, lower
disease severity) and patientswith other
cancers or other gastrointestinal disor¬
ders (and, therefore, different but po¬
tentially confused disorders), the accu¬

racy ofCEAmeasurements plummeted,
and the use of CEA levels for cancer
diagnosis and screeningwas abandoned.
Carcinoembryonic antigen is now rec¬
ommended only as one element in the
follow-up of patients with known col¬
orectal cancer.7
In the PIOPED study, the whole spec¬

trum ofpatients suspected ofhaving PE
were eligible and recruited, including
those who entered the study with high,
medium, and low clinical suspicion of
PE. We thus may conclude that the
appropriate patient sample was chosen.
Secondary Guides
Once you are convinced that the ar¬

ticle is describing an appropriate spec¬
trum of patients who underwent the in¬
dependent, blind comparison of a diag¬
nostic test and a reference standard,
most likely its results represent an un¬
biased estimate of the real accuracy of
the test—that is, an estimate that doesn't
systematically distort the truth. How¬
ever, you can further reduce your
chances of being misled by considering
a number of other issues.
Did the Results of the Test Being

Evaluated Influence the Decision to
Perform the Reference Standard?—
The properties of a diagnostic test will
be distorted if its result influences
whether patients undergo confirmation
by the reference standard. This situa-

tion, sometimes called "verification
bias"8·9 or "work-up bias",10,11 would ap¬
ply, for example, when patients with
suspected coronary artery disease and
positive exercise tests were more likely
to undergo coronary angiography (the
reference standard) than those with
negative exercise tests.
Verification bias was a problem for

the PIOPED study; patients whose
V/Q scans were interpreted as normal
or near normal and low probabilitywere
less likely to undergo pulmonary angiog¬
raphy (69%) than those with more posi¬
tive V/Q scans (92%). This is not sur¬
prising, since clinicians might be reluc¬
tant to subject patients with a low
probability of PE to the risks of angiog¬
raphy. The results of the PIOPED study
restricted to those patients with suc¬
cessful angiography are presented in
Table 2.
Most articles would stop here, and

readers would have to conclude that the
magnitude of the bias resulting from
different proportions of patients with
high and low probability V/Q scans un¬

dergoing adequate angiography is un¬
certain but perhaps large. However, the
PIOPED investigators applied a second
reference standard to the 150 patients
with low probability or normal/near nor¬
mal scans who failed to undergo angiog¬
raphy (136 patients) or in whom angio¬
graphie interpretation was uncertain (14
patients): they would be judged to be
free ofPE if they did well without treat¬
ment. Accordingly, they followed every
one of them for 1 year without treating
them with anticoagulants. Not one of
these patients developed clinically evi¬
dent PE during this time, from which
we can conclude that clinically impor¬
tant PE (if we define clinically impor¬
tant PE as requiring anticoagulation to
prevent subsequent adverse events) was
not present at the time they underwent
V/Q scanning.When these 150 patients,
judged free of PE by this second refer-

enee standard of a good prognosis with¬
out anticoagulant therapy, are added to
the 480 patients with negative angio¬
grams in Table 2, the result is Table 3.
We hope you agree with us that the
better estimate of the accuracy of V/Q
scanning comes from Table 3, which in¬
cludes the 150patients who, from follow-
up, did not have clinically important PE.
Accordingly, we will use these data in
subsequent calculations.
There were still another 50 patients

with either high or intermediate prob¬
ability scans who either did not undergo
angiography orwhose angiogramswere
uninterpretable. It is possible that these
individuals could bias the results. How¬
ever, they are a relatively small pro¬
portion of the population, and if their
clinical characteristics are not clearly
different from those who underwent an¬
giography, it is unlikely that the test
properties would differ systematically
in this subpopulation. Therefore, we can
proceed with relative confidence in the
PIOPED results.
Were the Methods for Performing

the TestDescribed in Sufficient Detail
to PermitReplication?—If the authors
have concluded that you should use a

diagnostic test, they must tell you how
to use it. This description should cover
all issues that are important in the prepa¬
ration of the patient (diet, drugs to be
avoided, precautions after the test), the
performance of the test (technique, pos¬
sibility of pain), and the analysis and
interpretation of its results.
Once the reader is confident that the

article's results constitute an unbiased
estimate of the test properties, she can
determine exactly what (and how help¬
ful) those test properties are. While not
pristine (studies almost never are), we
can strongly infer that the results are a
valid estimate of the properties of the
V/Q scan. We will describe how to in¬
terpret and apply the results in the next
article of this series.
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