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CLINICAL SCENARIO

You are a medical consultant asked by a surgical colleague 
to see a 78-year-old woman, now 10 days after abdominal 
surgery, who has become increasingly 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 taking a deep breath (but sometimes not). Abnormal 
findings on physical examination are restricted to residual 
tenderness in the abdomen and scattered crackles at both lung bases. Chest roentgenogram 
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reveals a small right pleural effusion, but this is the first roentgenogram since the operation. 
Arterial blood gases show a PO2 of 70 mm Hg, with a saturation of 92%. The electrocardiogram 
shows only nonspecific changes.

You suspect that the patient, despite receiving 5000 U of heparin twice a day, may have had a 
pulmonary embolus (PE). You request a ventilation-perfusion scan (V/Q scan), and the result 
reported to the nurse over the telephone is "intermediate probability" for PE. Though still somewhat
uncertain about the diagnosis, you order full anticoagulation. Although you have used the V/Q scan 
frequently in the past and think you have a fairly good notion of how to use the results, you realize 
that your understanding is based on intuition and local practice rather than on the properties of V/Q
scanning from the original literature. Consequently, 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 of V/Q scanning as it applies 
to your clinical practice in general and this patient in particular. You are familiar with the software 
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 heading published between 1989 and 1992 (the range of your search), you 
are going to have to pare down your search. You choose two strategies: you will pick only articles 
that have "radionuclide imaging" as a subheading and also have the associated MeSH heading 
"comparative study" (since you will need a study comparing V/Q scanning with some reference 
standard). This search yields 31 articles, of which you exclude 11 that evaluate new diagnostic 
techniques, nine that relate to the diagnosis and treatment of deep venous thrombosis, and one 
that examines the natural history of PE. The remaining 11 address V/Q scanning in PE. One, 
however, is an editorial; four are limited in their scope (dealing with perfusion scans only, with 
situations in which the diagnostic workup should begin with pulmonary angiography, or with a 
single perfusion defect). Of the remainder, the Prospective Investigation of Pulmonary Embolism 
Diagnosis (PIOPED) study [1] 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 information: among 
people with an intermediate 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 approach to making optimal use of the article.

INTRODUCTION

Clinicians regularly confront dilemmas when ordering and interpreting diagnostic tests. The 
continuing proliferation of medical technology renders the clinician's ability to assess articles about 
diagnostic tests ever more important. Accordingly, this article will present the principles of 
efficiently assessing articles about diagnostic tests and optimally using the information they 
provide. Once you decide, as was illustrated in the clinical 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 addressing), you can invoke the same three questions that 
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we suggested in the "Introduction" and the articles on therapy [2,3,4] Table 1.

 
[Help with image viewing] 
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Table 1. Evaluating and Applying the Results of Studies of Diagnostic 
Tests 

Are the Results of the Study Valid?

Whether one can believe the results of a study is determined by the methods used to carry it 
out. To say that the results are valid implies that the accuracy 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 if you can believe the results of the study by considering how the authors 
assembled their patients and how they applied the test and an appropriate reference (or "gold" or 
"criterion") standard 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 (often 
referred to as the test's "properties").

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 information? Does the test provide additional information above and beyond 
the history and physical examination? Is it less expensive or more easily available than other 
diagnostic tests for the same target 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 article 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 underwent both V/Q 
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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 standard. Each 
angiogram was interpreted as showing one of three results: PE present, PE uncertain, or PE absent.
The accuracy of the V/Q scan was compared with the angiogram, and the V/Q scan results were 
reported in one of four categories: high probability (for PE), intermediate probability, low 
probability, or near normal or normal. The comparisons of the V/Q scans and angiograms are 
shown in Table 2and Table 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.
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Table 2. The Relationship Between the Results of Pulmonary 
Angiograms and Ventilation-Perfusion Scan Results in Patients With 
Successful Angiograms 

[Help with image viewing] 
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Table 3. The Relationship Between the Results of Pulmonary 
Angiograms and Ventilation-Perfusion Scan Results 

ARE THE RESULTS OF THE STUDY VALID?
Primary Guides

Was There an Independent, Blind Comparison With a Reference Standard?--The accuracy of a 
diagnostic test is best determined by comparing it with the "truth." Accordingly, readers must 
assure themselves that an appropriate reference standard (such as biopsy, surgery, 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 angiogram was used as the reference standard and this was 
as "gold" as could be achieved without sacrificing the patients. In reading articles about diagnostic 
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tests, if you can't accept the reference standard (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 standard, 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 investigation). Our own clinical experience shows us why this is 
important. Once we have been shown a pulmonary nodule 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 murmur. The more likely it is that the 
interpretation of a new test could be influenced by knowledge of the reference standard result (or 
vice versa), the greater the importance of the independent interpretation of both. The PIOPED 
investigators did not state explicitly 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 correspondence with 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 the Diagnostic 
Test Will Be Applied in Clinical Practice?--A diagnostic test is really useful only to the extent it 
distinguishes between target disorders or states that might otherwise be confused. Almost any test 
can distinguish the healthy from the severely affected; 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 diagnostic test can be 
dashed by subsequent investigations comes from the story of carcinoembryonic antigen (CEA) in 
colorectal cancer. Carcinoembryonic antigen levels, when measured in 36 people with known 
advanced cancer of the colon 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 diagnosing colorectal cancer or even 
in screening for the disease. In subsequent studies of patients with less advanced stages of 
colorectal cancer (and, therefore, lower disease severity) and patients with other cancers or other 
gastrointestinal disorders (and, therefore, different but potentially confused disorders), the 
accuracy of CEA measurements plummeted, and the use of CEA levels for cancer diagnosis and 
screening was abandoned. Carcinoembryonic antigen is now recommended only as one element in 
the follow-up of patients with known colorectal cancer [7].

In the PIOPED study, the whole spectrum of patients suspected of having 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 article is describing an appropriate spectrum of patients who 
underwent the independent, blind comparison of a diagnostic test and a reference standard, most 
likely its results represent an unbiased estimate of the real accuracy of the test--that is, an 
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estimate that doesn't systematically distort the truth. However, 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 situation, sometimes called 
"verification bias" [8,9] or "work-up bias" [10,11], would apply, 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 probability were less likely to undergo pulmonary 
angiography (69%) than those with more positive V/Q scans (92%). This is not surprising, since 
clinicians might be reluctant to subject patients with a low probability of PE to the risks of 
angiography. The results of the PIOPED study restricted to those patients with successful 
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 
undergoing adequate angiography is uncertain but perhaps large. However, the PIOPED 
investigators applied a second reference standard to the 150 patients with low probability or 
normal/near normal scans who failed to undergo angiography (136 patients) or in whom 
angiographic interpretation was uncertain (14 patients): they would be judged to be free of PE if 
they did well without treatment. Accordingly, they followed every one of them for 1 year without 
treating them with anticoagulants. Not one of these patients developed clinically evident PE during 
this time, from which we can conclude that clinically important PE (if we define clinically important 
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 reference
standard of a good prognosis without anticoagulant therapy, are added to the 480 patients with 
negative angiograms 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 includes the 150 patients 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 probability scans who 
either did not undergo angiography or whose angiograms were uninterpretable. It is possible that 
these individuals could bias the results. However, they are a relatively small proportion of the 
population, and if their clinical characteristics are not clearly different from those who underwent 
angiography, 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 Test Described in Sufficient Detail to Permit 
Replication?--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 preparation of 
the patient (diet, drugs to be avoided, precautions after the test), the performance of the test 
(technique, possibility of pain), and the analysis and interpretation of its results.
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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 helpful) 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 interpret and apply the results in the next 
article of this series.
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