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Accuracy studies are the cornerstone of the evaluation of new diagnostic tests. In an accu-
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racy study, patients with a clinical suspicion of disease undergo both the new tests that is
being evaluated, and the reference test or “gold-standard” test for the disease. Patients are
stratified according to the test result and to whether or not the diagnosis was confirmed by
the reference test. Main accuracy indices include the sensitivity (proportion of patients
who test positive among those who have the disease), specificity (proportion of patients
who test negative among those without the disease), as well as the positive and negative
predictive values (proportion of patients with the disease among those with a positive test,
and of patients without the disease among those with a negative test, respectively). In
appraising an accuracy study, the reader should check that the study design and analysis
follow methodological standards. The study population should be representative of the pop-
ulation in which the test will be used in practice. The new test should be interpreted in a
blinded and independent fashion from the reference standard to avoid expectation bias, and
should not be used to establish the diagnosis (incorporation bias). The reproducibility
should be verified. Interpretation criteria and technical aspects should be described with
enough details to allow replication. Provided that these conditions are met, the next step is
to decide whether the test may be used for patient care. The clinical setting in which the
test will be used, and the corresponding pretest probability of disease, will determine how
best can the test be used in practice.
Semin Nucl Med 49:115-120 © 2018 Elsevier Inc. All rights reserved.
The question of how to assess quality of primary diagnos-
tic research studies in the medical literature has wide

applicability across all clinical domains and fields in medi-
cine. As an illustrative example for this issue of Seminars in
Nuclear Medicine, we will illustrate our concepts with a dis-
cussion of V/Q scintigraphy, organized around a clinical case
scenario.
Clinical Case Scenario
An 18-year-old woman presents to the emergency room with
a new onset of right-sided pleuritic chest pain and shortness
of breath. She has no particularly relevant past medical
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history, no personal or family history of venous thromboem-
bolism (VTE), and no known malignancy. She has no recent
major risk factors for VTE, including surgery, trauma, or bed
rest. She is a nonsmoker. On physical examination her heart
rate is 94 beats per minute and her oxygen saturation is 96%
on room air. She has no fever, no cough, or hemoptysis. She
denies any leg symptoms. Her physical examination reveals
no pain at calf palpation, no edema or redness on either leg.
Her heart auscultation is unremarkable except for a regular
tachycardia. Lung auscultation reveals normal vesicular
breathing without any additional adventitious breath sounds.
The electrocardiogram shows sinus tachycardia, normal axis,
and no ST changes. The chest X-ray is within normal limits,
without evidence of pneumonia, pleural effusion, or pneu-
mothorax.

The attending physician suspects that she might have a
pulmonary embolism (PE). As a first step, he estimates her
pretest probability of PE, using a clinical decision rule. Both
the Geneva score1 and the Wells score2 classify the patient as
having a low pretest probability, corresponding to a PE
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prevalence of less than 10%.3 Her D-dimer test is positive.
Given her young age and normal chest X-ray, the attending
physician orders a ventilation-perfusion (V/Q) lung scan as
suggested by the recent Appropriate Use Criteria for V/Q
Imaging.4,5 The nuclear medicine physician proposes per-
forming imaging with SPECT rather than with conventional
planar V/Q scintigraphy and explains the potential advan-
tages of the technique: by using tri-dimensional imaging,
SPECT V/Q has the ability to eliminate overlap or superim-
position of normally perfused or ventilated tissues with
defects, and hence allows better characterization of abnor-
malities and can detect mismatched defects unseen on planar
imaging. The nuclear medicine physician claims that the test
has a better diagnostic performance for PE and, as an addi-
tional advantage over planar V/Q, allows a binary response,
that is, the test is either positive or negative for PE. The
attending physician is concerned about this newer imaging
modality. PE is a life-threatening disease, and wants to be
sure that a negative test would safely rule out the disease. On
the other hand, over-diagnosis should also be avoided: cur-
rent guidelines suggest long-term anticoagulation in patients
with unprovoked PE. A positive diagnosis could lead to life-
long anticoagulation, with a significant impact on the
patient’s lifestyle, contraception options, and future pregnan-
cies. The two physicians decide to organize a Journal Club to
critically appraise available evidence on the accuracy of V/Q
SPECT for diagnosing PE. We will return to their conclu-
sions following an analysis of the issues, as noted below.
Studies Evaluating the
Performance of Diagnostic Tests
Following the development of a potential new diagnostic test
(eg, new immunoassay or new imaging technique), it is criti-
cal to determine its accuracy for the disease that it intends to
diagnose before it is implemented in clinical practice. The
most commonly used study design for the evaluation of diag-
nostic tests is the accuracy study. Diagnostic randomized tri-
als and cohort studies are discussed in a separate article in
this special issue.6 The objective of accuracy studies is to
evaluate the diagnostic performance of the new test, that is,
its ability to detect the disease in affected patients and to clas-
sify as disease-free the nonaffected patients. This is achieved
by comparing, in a cohort of patients with a clinical suspi-
cion of the disease, the new test results with that of the “refer-
ence” or “gold-standard” test. The latter is used to classify the
patients as having the disease or not. The results are often
summarized in a 2£ 2 table (Table 1). Affected patients are
classified as “true positives” if they test positive with the new
Table 1 2£ 2 Contingency Table in an Accuracy Study

Disease Positive* Disease Negative*

Test positive True positive (a) False positive (b)
Test negative False negative (c) True negative (d)

*as determined by the gold-standard test.
test, and “false negatives” otherwise. Disease-free patients are
classified as “true negatives” if they test negative with the
new test, and “false positives” otherwise.

Two main indices are then computed:

� Sensitivity—this reflects the ability of the test to detect
that a patient is affected by the disease. It is defined as
the likelihood of obtaining a positive test in an affected
patient. Sensitivity is calculated by dividing the num-
ber of true positive patients by the total number of
patients with the disease, that is a / (a + c).

� Specificity—this reflects the ability of the test to detect
that a patient is free of disease. It is defined as the like-
lihood of obtaining a negative test in a disease-free
patient. Specificity is calculated by dividing the num-
ber of true negative patients by the total number of
patients without the disease, that is, d / (b + d).

These are the main accuracy indices, because they reflect
the ability of the test to recognize affected and unaffected
patients. However, clinicians are often interested in other
indices that are more directly useful in practice:

� The positive predictive value is the likelihood of dis-
ease among patients who test positive that is, the pro-
portion of patients with disease among patients with a
positive test, a / (a + c).

� The negative predictive value is the likelihood of not
having the disease in patients who test negative that is,
the proportion of disease-free patients among those
with a negative test, d / (b + d).

Importantly, these indices depend not only on the test
sensitivity and specificity, but also on the disease prevalence
in the tested population. It is often surprising for physicians
that a positive or negative test result might have a different
significance according the disease prevalence in the tested
population. However, it is possible to use this property of
diagnostic tests to improve their overall performance. In
Figure 1, two contingency tables depict the use of the same
diagnostic test, the D-dimer test, in an accuracy study of
patients with suspected PE. On the left side, the test is
applied in a population of 100 patients with PE and 100
patients without PE. With a sensitivity of 95% and a speci-
ficity of 50%, the negative predictive value of the test is
only 91%. In other words, 9% of patients with a negative
test actually have PE, a proportion that is too high for
physicians to rely on a negative D-dimer test to rule out PE,
given the potential adverse consequences of a missed diag-
nosis. On the right side of the figure, the same D-dimer test
is applied in a population with a 10% prevalence of PE.
With the same sensitivity and specificity, the negative pre-
dictive value is now 99%. Therefore, only 1% of patients
with a negative test have PE, a proportion that is low
enough to safely rule out the disease without further testing.
This is what led to the widespread use of pretest probability
assessment in patients with suspected PE. Clinical decision
rules, such as the Wells or Geneva scores,1,2 are able to



Figure 1 Impact of the disease prevalence on the predictive values.
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accurately classify patients with suspected PE in groups of
low, intermediate, or high pretest probability, in which the
prevalence of PE is known.3 It is then possible to decide on
how best to use diagnostic tests in combination with pretest
probability to reach satisfactory positive or negative predic-
tive values.
Positive and likelihood ratios express the impact of a posi-

tive or negative result on the probability of disease.

� Positive likelihood ratio—is the ratio of the likelihood
of a positive test among patients with the disease
divided by the likelihood of a positive test among dis-
ease-free patients, that is, the sensitivity divided by one
minus the specificity, or (a / b) £ (b + d) / (a + c).

� Negative likelihood ratio—is the ratio of the likelihood
of a negative test among patients with the disease
divided by the likelihood of a negative test among dis-
ease-free patients, that is, one minus the sensitivity
divided by the specificity, or (c / d) £ (b + d) / (a + c).

If the positive likelihood ratio is 5, it means that a positive
test is five times more likely to be observed in a patient with,
than in a patient without the disease. It is possible to calcu-
late the post-test probability of disease based on the pretest
probability and the likelihood ratios associated with a posi-
tive or negative test, using Fagan’s nomogram. Nowadays,
most smartphone medical calculator applications provide
simple tools that can quickly compute the likelihood ratios
and provide a post-test probability of disease based on the
pretest probability and the likelihood ratios associated with a
negative or positive test.
All these indices should be computed along with a confi-

dence interval, giving the range of values between which the
“true” value will probably lie. In Figure 1, the specificity is
50% in both tables. However, the 95% confidence varies
based on the sample size. On the left side of the figure, the
95% confidence interval around the estimate of 50%
(50/100) ranges from 40% to 60%. On the right side, the
confidence interval around the same proportion of 50%
(450/900) is much narrower, from 47% to 53%. A larger
sample size enables a much more precise estimation.
How to Appraise an Accuracy
Study?
Several user guides have been published to help readers iden-
tifying the main components and potential pitfalls of
accuracy studies.7-9 The use of reporting guidelines by
authors helps ensure that readers will find the information
they need to critically appraise a study.10 These guides often
recommend consulting a short list of questions that might
help assess the key aspects of the validity of study results and
their usefulness for clinical practice.
Was the Study Population Adequate?
A critical aspect is to ensure that the study population is rep-
resentative of the population in which the test will be used in
clinical practice, for example, consecutive patients presenting
to the emergency room for a suspected PE. A frequent mis-
take is to use a sample of patients in whom the diagnosis has
already been made, and a control group of “healthy” or “dis-
ease-free” patients. This is inappropriate for two reasons. The
main reason is that it is important to evaluate the test in a
population in which the whole spectrum of the disease may
be observed. Including patients with a confirmed diagnosis
could lead to selecting patients with a higher disease burden,
or patients in whom the diagnosis was easy to confirm. The
control group is often comprising of “healthy” patients, creat-
ing an artificially high contrast between the two groups,
which could lead to an overestimation of the test accuracy.
For example, comparing the
D-dimer levels of patients with a confirmed PE to those of
healthy blood donors creates a marked contrast, with signifi-
cantly higher D-dimer levels in PE patients, as compared to
those in the control group. The reality is that among patients
with a clinical suspicion of PE, many of those without a PE
may have an alternative diagnosis that shares symptoms and
signs with PE and is also associated with higher D-dimer
levels (eg, older age, pneumonia, chronic obstructive pulmo-
nary disease exacerbation, or aortic dissection). Moreover,
whenever the investigators decide on the number of patients
to be included in each group, it becomes impossible to assess
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the positive and negative predictive values, which are depen-
dent on the disease’s prevalence in the tested population.
It is also important to look at the population characteris-

tics to assess how similar or different the patients included in
the study are to the ones in whom the test would be used in
clinical practice. What were the inclusion and exclusion cri-
teria? Which kind of symptoms did they present? In which
setting were they approached for participation in the study
(eg, primary care practice vs emergency room vs hospital
ward vs specialized clinic vs imaging facility)? For example,
if the recruitment in a study on patients with suspected PE is
based in a department of nuclear medicine, it is likely that
some patient selection will have already occurred. Patients
with a low pretest probability and negative D-dimer are not
usually referred for imaging tests. It is probable that referring
physicians will have selected some specific patients for
nuclear medicine imaging, such as young patients, patients
with no abnormality on chest X-ray, or those with a contrain-
dication to computed tomography pulmonary angiography.
The potential impact of such a selection on the study results
should be carefully discussed.
A study sample size calculation should also be provided.

In accuracy studies, the number of patients to be included is
usually selected based on the desired precision in the estima-
tion of the accuracy indices, considering the anticipated dis-
ease prevalence and accuracy levels.
Was the New Test Evaluated in a Blinded and
Independent Fashion From the Reference
Standard?
It is of utmost importance that investigators in charge of inter-
preting the new test are blinded from patient status, including
risk factors, signs and symptoms, and from the results of the
reference test or strategy. Knowledge of this information could
unconsciously bias their interpretation of the test (expectation
bias), for example in case of dubious results. Similarly, the
treating physicians should not be made aware of the results of
the new test to ensure that their diagnostic and management
decisions are not impacted by the results of the new test. The
higher the chance of the new test interpretation being influ-
enced by knowledge of the ‘truth’, or vice versa, the higher the
importance of keeping interpreters and attending physicians
blinded from each other’s results. Many of the studies assess-
ing the accuracy V/Q SPECT are limited by this important
issue. A recent systematic review of V/Q SPECT for PE accu-
racy studies confirmed that all identified studies had a high
risk of bias given the use of a composite standard as the refer-
ence standard that integrated V/Q SPECT results.11 In other
words, the test under consideration (the V/Q SPECT) was
used to determine whether or not patients had PE. This is
obviously a major limitation, leading to an overestimation of
the test performances.
In an accuracy study, all patients in the study should

undergo both the new test and the reference test. The result
of the new test should not participate in the decision to per-
form the reference standard (and vice versa). That would be
for example the case if in a V/Q SPECT study only patients
with a positive test would undergo a confirmatory pulmo-
nary angiography (work-up bias). The reference test should
be the same regardless of the results of the new test.

The article should also clearly describe the methods
employed to perform the new test including the criteria used
for interpretation, the cut-off for positivity and enough
details to enable replication. Although a consensus emerged
around the criteria proposed by the European Association of
Nuclear Medicine, the criteria for V/Q SPECT positivity sig-
nificantly vary from one study to another. According to the
European Association of Nuclear Medicine criteria, PE is
diagnosed when a mismatch of at least one segment or two
subsegments that conforms to the pulmonary vascular anat-
omy is present.12,13 The reference test should also be clearly
defined. The results of the study will only be valid if the ref-
erence test or strategy is one that is widely accepted for diag-
nosing the disease. Identifying a “gold-standard” test is not
always easy. For PE, pulmonary angiography has long been
considered the gold-standard test. However, this test is no
longer performed in routine practice given its invasiveness,
cost, risk of complication and higher radiation levels when
compared to newer imaging techniques. Therefore, deciding
which test to use as a reference is challenging. Most recent
studies used a previously validated diagnostic algorithm
rather than a single test.14

Validity assessment includes how missing values and
inconclusive test results were handled. Not taking into
account patients with inconclusive tests into the computa-
tion of accuracy indices leads to their overestimation.
Can I Use These Results for the Care of my
Own Patients?
A first condition to be met before utilization in clinical practice
is that the test should keep the same performance when imple-
mented in a different setting. This implies that the test is
described in enough detail to enable replication, that its accu-
racy is reproducible in a similar clinical situation, but also that
interpretation is reproducible between different observers.
This could be verified by an interobserver agreement assess-
ment, conducted on part or the whole study sample.

For physicians to determine whether the study results are
applicable to their clinical practice, it is useful to assess how
the clinical setting and the patient population in the study dif-
fer from their patients. In fact, as already discussed, the disease
prevalence in the study population will have a major impact
on the negative and positive predictive values. The accuracy
could also differ depending on the spectrum of disease severity
(it is usually easier to diagnose most severe forms of a disease)
or on the frequency of comorbid conditions: the performance
of the V/Q scan for PE would be influenced by the presence of
chronic obstructive pulmonary disease or other cardiopulmo-
nary conditions if used in some settings such as elderly
patients, or cardiac/respiratory intensive care units. The cost,
resources, and skills required to implement the test should be
weighed against the benefits vs current practice.
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Will the test change management of my patient? This will
mostly depend on the impact it will have on the pretest prob-
ability. Will a positive result be sufficient to instill confidence
that the patient will benefit from treatment? Or will a nega-
tive result be reassuring enough to leave a patient untreated?
In the case of the V/Q SPECT, given the limitations described
above, it appears possible to use the V/Q SPECT result in
combination with a pretest probability assessment tool to
manage patients with suspected PE but further confirmatory
studies are required. It is usually accepted that patients in
whom the post-test probability of PE is above 90% will bene-
fit from anticoagulant therapy, while patients in whom the
post-test probability of PE is below 3% would clearly have
more harm than benefit from anticoagulant therapy, and
could be left untreated.
Implementation of a test is more likely to benefit patients

when a missed diagnosis of the disease might be associated
with poor outcome, the test has acceptable risks, and an
effective treatment exists. It is important to assess the impact
of using the test in daily practice in different type of studies
(randomized controlled trial or prospective outcome study).
For example, a randomized controlled trial could compare
the outcome of patients managed using the new test as com-
pared to those managed using the reference test. Alterna-
tively, a management outcome study of patients with
suspected PE would be another reasonable study design.
Once the accuracy of the new test has been determined, its
best use in combination with other available tests needs to be
determined. The new diagnostic algorithm including the
new test is then applied to consecutive patients seen with a
clinical suspicion of PE. Those with a negative diagnostic
work-up are left untreated and undergo clinical follow-up
for 3 months. The 3-month risk of VTE is compared to that
observed after a negative pulmonary angiography, the gold-
standard test for PE.15 In the case of the V/Q SPECT, such a
formal management outcome study is yet to be performed.
At least two studies provide reassuring data on patients fol-
lowed after a negative V/Q SPECT.16,17 However, in these
studies, other diagnostic tests could have been performed at
the discretion of the attending physician, preventing any
definitive conclusion to be drawn.
Clinical Case Scenario
Continued
After reading available studies, the two physicians agree that
a V/Q scan is an appropriate test to perform in this patient.
The V/Q SPECT appears as a promising modality but is less
validated; many relevant research studies suffer from limita-
tions that prevent a definitive conclusion to be drawn
regarding the exact accuracy of V/Q SPECT for PE diagno-
sis. Moreover, a formal prospective management outcome
study in which management would be decided on the basis
of a standardized algorithm including a V/Q SPECT is lack-
ing, limiting the wide adoption of the test by clinicians
responsible for these patients. Based on the proven track
record of planar scintigraphy, our concerned clinicians
will fall back on the proven modality until further data are
available.
Conclusion
Accuracy studies are the cornerstone of the assessment of
diagnostic tests. When reading the results of such a study,
assessment of its validity should mainly focus on the patient
population that was included, and on whether or not the
new test was compared in a blinded and independent fashion
with a reference test. The test should be described in enough
details to enable its implementation, and clear interpretation
criteria should be provided. Before adopting a new test, it is
important to understand the impact it will have on patients’
management. Beyond accuracy indices, the clinical setting in
which the test will be used, and the corresponding pretest
probability of disease, will determine how best can the test
be used in clinical practice.

Sn and SP refer to sensitivity and specificity, respectively.
NPV refers to the negative predictive value of the test.
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