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CLINICAL SCENARIO
You are back where we put you in the

previous article1 on diagnostic tests in
this series on how to use the medical
literature: in the library studying an ar-
ticle that will guide you in interpreting
ventilation-perfusion (V/Q) lung scans.

Using the criteria in Table 1, you have
decided that the Prospective Investiga-
tion of Pulmonary Diagnosis (PIOPED)
study2 will provide you with valid in-
formation. Just then, another physician
comes looking for an article to help with
the interpretation of V/Q scanning. Her
patient is a 28-year-old man whose acute
onset of shortness of breath and vague
chest pain began shortly after complet-
ing a 10-hour auto trip. He experienced
several episodes of similar discomfort in
the past, but none this severe, and is
very apprehensive about his symptoms.
After a normal physical examination,
electrocardiogram and chest radiograph,
and blood gas measurements that show
a Pco2 of 32 mm Hg and a Po2 of 82 mm

Hg, your colleague has ordered a V/Q
scan. The results are reported as an "in-
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termediate-probability" scan.
You tell your colleague how you used

GRATEFUL MED to find an excellent
article addressing the accuracy of V/Q
scanning. She is pleased that you found
the article valid, and you agree to com¬
bine forces in applying it to both your
patients.

In the previous article on diagnostic
tests, we presented an approach to de¬
ciding whether a study was valid, and
the results therefore worth consider¬
ing. In this installment, we explore the
next steps, which involve understand¬
ing and using the results ofvalid studies
of diagnostic tests.

WHAT ARE THE RESULTS?

Are Likelihood Ratios for the Test
Results Presented or Data Necessary
for Their Calculation Included?

Pretest Probability.—The starting
point of any diagnostic process is the
patient, presenting with a constellation
of symptoms and signs. Consider the
two patients who opened this exercise—
the 78-year-old woman 10 days after sur¬

gery and the 28-year-old anxious man,
both with shortness of breath and non¬

specific chest pain. Our clinical hunches
about the probability of pulmonary em-
bolus (PE) as the explanation for these
two patients' complaints, that is, their
pretest probabilities, are very different:
the probability in the elderly woman is
high, and in the young man the prob¬
ability is low. As a result, even if both
have intermediate-probability V/Q scans,
subsequent management is likely to dif¬
fer. One might well treat the elderly
woman but order additional investigations
in the young man.

Two conclusions emerge from this line
of reasoning. First, whatever the re¬
sults of the V/Q scan, they do not tell us
whether PE is present. What they do
accomplish is to modify the pretest prob-

ability of PE, yielding a new posttest
probability. The direction and magni¬
tude of this change from pretest to post-
test probability are determined by the
test's properties, and the property that
we shall focus on in this series is the
likelihood ratio (LR).

The second conclusion we can draw
from our two contrasting patients is that
the pretest probability exerts a major
influence on the diagnostic process. Each
item of the history and physical exami¬
nation is a diagnostic test that either in¬
creases or decreases the probability of a

target disorder. Consider the young man
who presented to your colleague. The fact
that he presents with shortness ofbreath
raises the possibility of PE. The fact that
he has been immobile for 10 hours in¬
creases this probability, but his age, lack
of antecedent disease, and normal physi¬
cal examination, chest radiograph, and
arterial blood gas measurements all de¬
crease this probability. If we knew the
properties of each of these pieces of in¬
formation (and for some ofthem, we do3,4),
we could move sequentially through them,
incorporating each piece of information
as we go and continuously recalculating
the probability of the target disorder. Cli¬
nicians do proceed in this fashion, but
because the properties of the individual
items of history and physical examina¬
tion usually are not available, they often
must rely on clinical experience and in¬
tuition to arrive at the pretest probabil¬
ity that precedes ordering a diagnostic
test. For some clinical problems, includ¬
ing the diagnosis of PE, their intuition
has proved surprisingly accurate.2

Nevertheless, the limited information
about the properties of items of history
and physical examination often results
in clinicians' varying widely in their es¬
timates of pretest probabilities. There
are a number of solutions to this prob¬
lem. First, clinical investigators should
study the history and physical exami-

 at Johns Hopkins University on March 18, 2011jama.ama-assn.orgDownloaded from 

http://jama.ama-assn.org/


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 are 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 reproduclbllity 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?

nation to learn more about the proper¬
ties of these diagnostic tests. Fortu¬
nately, such investigations are becom¬
ing common. Panzer and colleagues5 have
summarized much of the available in¬
formation in the form of a medical text,
and overviews on the accuracy and pre¬
cision of the history and physical ex¬
amination are being published concur¬

rently with the Users' Guides in the
JAMA series on The Rational Clinical
Examination.6 In addition, for some tar¬
get disorders such as myocardial is¬
chemia, multivariable analyses can pro¬
vide physicians with ways of combining
information to generate very precise pre¬
test probabilities.7 Second, when we
don't know the properties ofhistory and
physical examination we can consult col¬
leagues about their probability esti¬
mates; the consensus view is likely to be
more accurate than our individual intu¬
ition. Finally, when we remain uncer¬
tain about the pretest probability, we
can assume the highest plausible pre¬
test probability, and the lowest possible
pretest probability, and see if this
changes our clinical course of action. We
will illustrate how one might do this
later in this discussion.

Likelihood Ratios.—The clinical use¬
fulness of a diagnostic test is largely
determined by the accuracy with which
it identifies its target disorder, and the
accuracy measure we shall focus on is
the LR. Let's now look at Table 2, con¬
structed from the results of the PIOPED
study. There were 251 people with an-

giographically proven PE and 630 people
whose angiograms or follow-up excluded
PE. For all patients, V/Q scans were
classified into four levels, from high prob¬
ability to normal or near normal. How
likely is a high-probability scan among
people who do have PE? Table 2 shows
that 102 of 251 people (or 0.406) with PE
had high-probability scans. How often
is the same test result, a high-probabil-

Table 2.—Test Properties of Ventilation-Perfusion (V/Q) Scanning

V/Q Scan Result No.

Pulmonary Embolism

Present

Proportion No.

Absent

Proportion
High probability 102 102/251 =0.406 14 14/630 = 0.022

Intermediate probability 105 105/251 =0.418 217 217/630 = 0.344 1.2

Low probability 39 39/251 =0.155 273 273/630 = 0.433 0.36

Normal/near normal 5/251 = 0.020 126 126/630 = 0.200 0.10

Total 251 630

ity scan, found among people who, al¬
though suspected of it, do not have PE?
The answer is 14 of 630 or 0.022. The
ratio of these two likelihoods is called
the LR and for a high-probability scan

equals 0.406 divided by 0.022 or 18.3. In
other words, a high-probability lung scan
is 18.3 times as likely to occur in a pa¬
tient with, as opposed to a patient with¬
out, a PE. In a similar fashion, the LR
can be calculated for each level of the
diagnostic test result. Each calculation
involves answering two questions: first,
how likely it is to get a given test result
(eg, a low-probability V/Q scan) among
people with the target disorder (PE),
and second, how likely it is to get the
same test result (again, a low-probabil¬
ity scan) among people without the tar¬
get disorder (no PE). For a low-prob¬
ability V/Q scan these likelihoods are
39/251 (0.155) and 273/630 (0.433), and
their ratio (the LR for a low-probability
scan) is 0.36. As shown in Table 2, we
can repeat these calculations for the
other scan results.

What do all these numbers mean? The
LRs indicate by how much a given di¬
agnostic test result will raise or lower
the pretest probability of the target dis¬
order. An LR of 1 means that the post-
test probability is exactly the same as
the pretest probability. Likelihood ra¬
tios greater than 1 increase the prob¬
ability that the target disorder is
present, and the higher the LR the
greater this increase. Conversely, LRs
less than 1 decrease the probability of
the target disorder, and the smaller the
LR, the greater the decrease in prob¬
ability and the smaller its final value.

How big is a big LR, and how small is
a small one? Using LRs inyourday-to-day
practice will lead to your own sense of
their interpretation, but as a rough guide:

• Likelihood ratios greater than 10
or less than 0.1 generate large and often
conclusive changes from pretest to post-
test probability.

• Likelihood ratios of 5 to 10 and 0.1
to 0.2 generate moderate shifts in pre¬
test to posttest probability.

• Likelihood ratios of 2 to 5 and 0.5 to

0.2 generate small (but sometimes im¬
portant) changes in probability.

• Likelihood ratios of 1 to 2 and 0.5 to
1 alter probability to a small (and rarely
important) degree.

Having determined the magnitude and
significance of the LRs, how do we use
them to go from pretest to posttest prob¬
ability? We can't combine likelihoods di¬
rectly, the way we can combine prob¬
abilities or percentages; their formal use

requires converting pretest probability
to odds, multiplying the result by the LR,
and converting the consequent posttest
odds into a posttest probability. While
not too difficult,2 this calculation can be
tedious and involves the following: the
equation to convert probabilities into odds
is (probability/[l-probability]), which is
equivalent to probability of having the
target disorder/probability of not having
the target disorder. A probability of 0.5
represents odds of 0.50/0.50, or 1 to 1; a

probability of0.80 represents odds of0.80/
0.20, or 4 to 1; a probability of 0.25 rep¬
resents odds of 0.25/0.75, or 1 to 3, or 0.33.
Once you have the pretest odds, the post-
test odds can be calculated by multiply¬
ing the pretest odds by the LR. The post-
test odds can be converted back into prob¬
abilities using a formula of probability =

odds/(odds+l).
Fortunately, there is an easier way. A

nomogram proposed by Fagan8 (Figure)
does all the conversions for us and al¬
lows us to go very simply from pretest
to posttest probability. The first column
of this nomogram represents the pre¬
test probability, the second column rep¬
resents the LR, and the third shows the
posttest probability. You obtain the post-
test probability by anchoring a ruler at
the pretest probability and rotating it
until it lines up with the LR for the
observed test result.

Recall our elderly woman with sus¬

pected PE after abdominal surgery. Most
clinicians would agree that the probabil¬
ity of this patient's having PE is quite
high, at about 70%. This value then rep¬
resents the pretest probability. Suppose
that her V/Q scan was reported as high
probability. Anchoring a ruler at her pre-
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Nonogram for interpreting diagnostic test results.
Adapted from Fagan.8

test probability of 70% and aligning it
with the LR of 18.3 associated with a

high-probability scan, her posttest prob¬
ability is over 97%. What if her V/Q scan

yielded a different result? Ifher V/Q scan
result is reported as intermediate (LR,
1.2), the probability ofPE hardly changes
(to 74%), while a near-normal result yields
a posttest probability of 19%.

We have pointed out that the pretest
probability is an estimate, and that one

way ofdealing with the uncertainty is to
examine the implications of a plausible
range of pretest probabilities. Let us
assume the pretest probability in this
case is as low as 60%, or as high as 80%.
The posttest probabilities that would
follow from these different pretest prob¬
abilities appear in Table 3.

The same exercise may be repeated
for our second patient, the young man
with nonspecific chest pain and hyper-

Table 3.—Pretest Probabilities, Likelihood Ratios (LRs) of Ventilation-Perfusion Scan Results, and Posttest
Probabilities in Two Patients With Pulmonary Embolus

Pretest Posttest
Probability, % Probability, %

_(Range)*_Scan Result (LR)_(Range)*_
78-Year-Old Woman With Sudden Onset of Dyspnea Following Abdominal Surgery

70 (60-80)_High probability (18.3)_97 (96-99)
70 (60-80)_Intermediate probability (1.2)_74 (64-83)
70 (60-80) Low probability (0.36) 46 (35-59)
70(60-80) Normal/near normal (0.1) 19(13-29)

28-Year-Old Man With Dyspnea and Atypical Chest Pain

20(10-30)_High probability (18.3)_82 (67-89)
20(10-30)_Intermediate probability (1.2)_23(12-34)
20(10-30)_Low probability(0.36)_8(4-6)_
20 ( 10-30) Normal/near normal (0.1) 2(1-4)

*The values in parentheses represent a plausible range of pretest probabilities. That is, while the best guess as
to the pretest probability is 70%, values of 60% to 80% would also be reasonable estimates.

ventilation. If you consider that his pre¬
sentation is compatible with a 20% prob¬
ability of PE, using our nomogram the
posttest probability with a high-probabil¬
ity scan result is 82%, an intermediate
probability is 23%, and a near-normal
probability is 2%. The pretest probability
(with a range of possible pretest proba¬
bilités from 10% to 30%), LRs, and post-
test probabilities associated with each of
the four possible scan results also appear
in Table 3.

Readers who have followed the dis¬
cussion to this point will understand the
essentials of interpretation of diagnos¬
tic tests and can stop here. They should
consider the next section, which deals
with sensitivity and specificity, optional.
We include it largely because clinicians
will still encounter studies that present
their results in terms of sensitivity and
specificity and may wish to understand
this alternative framework for summa¬

rizing the properties ofdiagnostic tests.
Sensitivity and Specificity.—You

may have noted that our discussion of
LRs ignored any talk of normal and ab¬
normal tests. Instead, we presented four
different V/Q scan interpretations, each
with their own LR. This is not, how¬
ever, the way the PIOPED investiga¬
tors presented their results. They fell
back on the older (but less useful) con¬

cepts of sensitivity and specificity.
Sensitivity is the proportion ofpeople

with the target disorder in whom the
test result is positive, and specificity is
the proportion ofpeople without the tar¬
get disorder in whom the test result is
negative. To use these concepts we have
to divide test results into normal and
abnormal; in other words, create a 2x2
table. The general form of a 2x2 table,
which we use to understand sensitivity
and specificity, is presented in Table 4.
Look again at Table 2 and observe that
we could transform our 4x2 table into
any of three such 2x2 tables, depending
on what we call normal or abnormal (or

what we call negative and positive test
results). Let's assume that we call only
high-probability scans abnormal (or posi¬
tive). The resulting 2x2 table is pre¬
sented in Table 5.

To calculate sensitivity from the data
in Table 2 we look at the number of
people with proven PE (251) who were

diagnosed as having the target disorder
on V/Q scan: 102

-

sensitivity of 102/
251, or approximately 41% (al[a+c\). To
calculate specificity we look at the num¬
ber of people without the target disor¬
der (630) who were was classified on

V/Q scan as normals: 616
—

specificity of
616/630, or 98% (d/[b+d]). We can also
calculate LRs for the positive and nega¬
tive test results using this cut point,
18.3 and 0.6, respectively.

Let's see how the test performs if we
decide to put the threshold of positive
vs negative in a different place in Table
2. For example, let's call only the normal/
near-normal V/Q scan result negative.
This 2x2 table (Table 6) shows the sen¬

sitivity is now 246/251, or 98% (among
251 people with PE, 246 are diagnosed
on V/Q scan), but what has happened to
specificity? Among 630 people without
PE, only 126 have a negative test result
(specificity of 20%). The corresponding
LRs are 1.23 and 0.1. Note that with this
cut we not only lose the diagnostic in¬
formation associated with the high-prob¬
ability scan result, but also interpret
intermediate- and low-probability re¬
sults as if they increase the likelihood of
PE, when in fact they decrease the like¬
lihood. You can generate the third 2X2
table by setting the cut point in the
middle—if your sensitivity and speci¬
ficity are 82% and 63%, respectively,
and associated LRs of a positive and
negative test 2.25 and 0.28, you have it
right. (If you were to create a graph
where the vertical axis will denote sen¬

sitivity [or true-positive rate] for dif¬
ferent cutoffs and the horizontal axis
will display 1—specificity [or false-posi-
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tive rate] for the same cutoffs, and you
connect the points generated by using
cut points, you would have what is called
a receiver operating characteristic [ROC
curve]; an ROC curve can be used to
formally compare the value of different
tests by examining the area under each
curve, but once one has abandoned the
need for a single cut point, it has no
other direct clinical application.)

You can see that in using sensitivity
and specificity you have to either throw
away important information or recalcu¬
late sensitivity and specificity for every
cut point. We recommend the LR ap¬
proach because it is simpler and more
efficient.

Thus far, we have established that
the results are likely true for the people
who were included in the PIOPED
study, and ascertained the LRs associ¬
ated with different results of the test.
How useful is the test likely to be in our
clinical practice?
WILL THE RESULTS HELP ME
IN CARING FOR MY PATIENT?

Will the Reproducibility of the Test
Result and Its Interpretation Be
Satisfactory in My Setting?

The value of any test depends on its
ability to yield the same result when re-

applied to stable patients. Poor repro¬
ducibility can result from problems with
the test itself (eg, variations in reagents
in radioimmunoassay kits for determin¬
ing hormone levels). A second cause for
different test results in stable patients
arises whenever a test requires interpre¬
tation (eg, the extent of ST-segment el¬
evation on an electrocardiogram). Ideally,
an article about a diagnostic test will tell
readers how reproducible the test results
can be expected to be. This is especially
important when expertise is required in
performing or interpreting the test (and
you can confirm this by recalling the clini¬
cal disagreements that arise when you
and one or more colleagues examine the
same electrocardiogram, ultrasound, or

computed tomographic scan, even when
all of you are experts).

If the reproducibility of a test in the
study setting is mediocre and disagree¬
ment between observers is common, and
yet the test still discriminates well be¬
tween those with and without the tar¬
get condition, it is very useful. Under
these circumstances, it is likely that the
test can be readily applied to your clini¬
cal setting. If reproducibility of a diag¬
nostic test is very high and observer
variation very low, either the test is
simple and unambigious or those inter¬
preting it are highly skilled. If the latter
applies, less skilled interpreters in your
own clinical setting may not do as well.

Table 4.—Comparison of the Results of Diagnostic
Test With the Result of Reference Standard*

Reference Standard
I-1

Disease Disease
Test Result Present Absent

Disease present True False
positive (a) positive (b)

Disease absent False True
negative (c) negative (d)

'Sensitivity » a/(a+c).
Specificity = dl(b+d).
Likelihood ratio for positive test result

= [al(a+c)y\bl(b+d)\.
Likelihood ratio for negative test result

= [c/(a+c)]/[d/(b+d)].

In the PIOPED study, the authors
not only provided a detailed description
of their diagnostic criteria for V/Q scan

interpretation, they also reported on the
agreement between their two indepen¬
dent readers. Clinical disagreements
over intermediate- and low-probability
scans were common (25% and 30%, re¬

spectively), and they resorted to adju¬
dication by a panel of experts.
Are the Results Applicable
to My Patient?

The issue here is whether the test will
have the same accuracy among your pa¬
tients as was reported in the article. Test
properties may change with a different
mix ofdisease severity or a different dis¬
tribution of competing conditions. When
patients with the target disorder all have
severe disease, LRs will move away from
a value of 1 (sensitivity increases). If pa¬
tients are all mildly affected, LRs move
toward a value of 1 (sensitivity decreases).
If patients without the target disorder
have competing conditions that mimic
the test results seen in patients who do
have the target disorder, the LRs will
move closer to 1 and the test will appear
less useful. In a different clinical setting
in which fewer of the nondiseased have
these competing conditions, the LRs will
move away from 1 and the test will ap¬
pear more useful.

The phenomenon of differing test
properties in different subpopulations
has been most strikingly demonstrated
for exercise electrocardiography in the
diagnosis ofcoronary artery disease. For
instance, the more extensive the sever¬

ity ofcoronary artery disease, the larger
are the LRs of abnormal exercise elec¬
trocardiography for angiographie nar¬

rowing of the coronary arteries.9 An¬
other example comes from the diagnosis
ofvenous thromboembolism, where com¬

pression ultrasound for proximal-vein
thrombosis has proved more accurate in
symptomatic outpatients than in asymp¬
tomatic postoperative patients.10

Sometimes, a test fails in just the pa¬
tients one hopes it will best serve. The
LR of a negative dipstick test for the

Table 5.—Comparison of the Results of Diagnostic
Test (Ventilation-Perfusion Scan) With the Result
of Reference Standard (Pulmonary Angiogram)
Assuming Only High-Probability Scans Are Positive
(Truly Abnormal)*

Angiogram
 -1
Pulmonary Pulmonary
Embolus Embolus

Scan Category Present Absent

High probability 102 14
Others 149 616
Total 251 630

"Sensitivity. 41%; specificity, 98%; likelihood ratio of
a high-probability test result, 18.3; likelihood ratio of
other results, 0.61.

Table 6.—Comparison of the Results of Diagnostic
Test (Ventilation-Perfusion Scan) With the Result
of Reference Standard (Pulmonary Angiogram)
Assuming Only Normal/Near-Normal Scans Are
Negative (Truly Normal)*

Angiogram
I I
Pulmonary Pulmonary
Embolus Embolus

Scan Category Present Absent

High, intermediate, and
low probability 246 504

Near normal/normal 5 126
Total 251 630

"Sensitivity, 98%; specificity, 20%; likelihood ratio of
high, intermediate, and low probability, 1.23; likelihood
ratio of near normal/normal, 0.1.

rapid diagnosis of urinary tract infection
is approximately 0.2 in patients with clear
symptoms and thus a high probability of
urinary tract infection, but is over 0.5 in
those with low probability,11 rendering it
of little help in ruling out infection in the
latter, low-probability patients.

If you practice in a setting similar to
that of the investigation and your patient
meets all the study inclusion criteria and
does not violate any of the exclusion cri¬
teria, you can be confident that the re¬
sults are applicable. If not, a judgment is
required. As with therapeutic interven¬
tions, you should ask whether there are

compelling reasons why the results should
not be applied to your patients, either
because the severity of disease in your
patients, or the mix of competing condi¬
tions, is so different that generalization is
unwarranted. The issue of generalizabil-
ity may be resolved if you can find an
overview that pools the results of a num¬
ber of studies.

The patients in the PIOPED study
were a representative sample ofpatients
with suspected PE from a number of
large general hospitals. The results are
therefore readily applicable to most clini¬
cal practices in North America. There
are groups to whom we might be reluc¬
tant to generalize the results, such as

critically ill patients (who were excluded
from the study, and who are likely to
have a different spectrum of competing
conditions than other patients).
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Will the Results Change My
Management?

It is useful in making, learning, teach¬
ing, and communicating management de¬
cisions to link them explicitly to the prob¬
ability of the target disorder. Thus, for
any target disorder there are probabili¬
ties below which a clinician would dis¬
miss a diagnosis and order no further
tests (a "test" threshold). Similarly, there
are probabilities above which a clinician
would consider the diagnosis confirmed,
and would stop testing and initiate treat¬
ment (a "treatment" threshold). When
the probability of the target disorder
lies between the test and treatment
thresholds, further testing is mandated.12

Once we decide what our test and treat¬
ment thresholds are, posttest probabili¬
ties have direct treatment implications.
Let us suppose that we are willing to
treat those with a probability of PE of
80% or more (knowing that we will be
treating 20% of our patients unnecessar¬

ily). Furthermore, let's suppose we are

willing to dismiss the diagnosis of PE in
those with a posttest probability of 10%
or less. You may wish to apply different
numbers here; the treatment and test
thresholds are a matter ofjudgment, and
differ for different conditions depending
on the risks of therapy (if risky, you want
to be more certain ofyour diagnosis) and
the danger of the disease if left untreated
(if the danger of missing the disease is
high—such as in PE—you want your
posttest probability very low before aban¬
doning the diagnostic search). In our

young man, a high-probability scan re¬
sults in a posttest probability of 82% and
may dictate treatment (or, at least, fur¬
ther investigation), an intermediate-prob¬
ability scan (23% posttest probability)
will dictate further testing (perhaps bi¬
lateral leg venography, serial impedance
plethysmography or ultrasound, or pul¬
monary angiography), while a low-prob¬
ability or normal scan (probabilities of
<10%) will allow exclusion of the diag¬
nosis of PE. In the elderly woman, a

high-probability scan dictates treatment
(97% posttest probability of PE), an in¬
termediate result (74% posttest probabil¬
ity) may be compatible with either treat¬
ment or further testing (likely a pulmo¬
nary angiogram), while any other result
mandates further testing.

If most patients have test results with
LRs near 1, the test will not be very use¬
ful. Thus, the usefulness of a diagnostic
test is strongly influenced by the propor¬
tion of patients suspected of having the
target disorder whose test results have
very high or very low LRs so that the test
result will move their probability of dis¬
ease across a test or treatment threshold.
In the patients suspected ofhaving PE in
our V/Q scan example, review of Table 2
allows us to determine the proportion of
patients with extreme results (either high
probability with an LR ofover 10, or near-
normal/normal scans with an LR of 0.1).
The proportion can be calculated as
(102+14+5+126)/881 or247/881=28%. Cli¬
nicians who have repeatedly been frus¬
trated by frequent intermediate- or low-
probability results in their patients with
suspected PE will already know that this
proportion (28%) is far from optimal. Thus,
despite the high LR associated with a

high-probability scan, and the low LR as¬
sociated with a normal/near-normal re¬

sult, V/Q scanning is of limited usefulness
in patients with suspected PE.

A final comment has to do with the
use of sequential tests. We have dem¬
onstrated how each item of history, or
each finding on physical examination,
represents a diagnostic test. We gen¬
erate pretest probabilities that we

modify with each new finding. In gen¬
eral, we can also use laboratory tests or

imaging procedures in the same way.
However, if two tests are very closely
related, application of the second test
may provide little or no information, and
the sequential application of LRs will
yield misleading results. For instance,
once one has the results of the most
powerful laboratory test for iron defi¬
ciency, serum ferritin, additional tests

such as serum iron or transferrin satu¬
ration add no further information.13
Will Patients Be Better Off
as a Result of the Test?

The ultimate criterion for the useful¬
ness ofa diagnostic test is whether it adds
information beyond that otherwise avail¬
able, and whether this information leads
to a change in management that is ulti¬
mately beneficial to the patient.14 The value
ofan accurate test will be undisputed when
the target disorder, if left undiagnosed, is
dangerous, the test has acceptable risks,
and effective treatment exists. High prob¬
ability or near-normal/normal results of a

V/Q scan may well eliminate the need for
further investigation and result in anti¬
coagulants' being appropriately given or

appropriately withheld (either course of
action having a substantial influence on

patient outcome).
In other clinical situations, tests may

be accurate, and management may even

change as a result of their application,
but their impact on patient outcome may
be far less certain. Examples include
right heart catheterization for many
critically ill patients, or the incremental
value of magnetic resonance imaging
scanning over computed tomography for
a wide variety of problems.
HOW YOU CAN USE THESE GUIDES
FOR CLINICAL PRACTICE AND
FOR READING

By applying the principles described
in this and the preceding article you will
be able to assess and use information
from articles about diagnostic tests. You
are now equipped to decide whether an
article concerning a diagnostic test rep¬
resents a believable estimate of the true
value of a test, what the test properties
are, and the circumstances under which
the test should be applied to your pa¬
tients. Because LRs are now being pub¬
lished for an increasing number of tests,5
the approach we have outlined has be¬
come directly applicable to the day-to¬
day practice of medicine.
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