EVIDENCE-BASED CASE REVIEW

Assessing diagnostic and screening tests: Part 1. Concepts

Diagnosis, the first step in clinical management, is a pow-
erful determinant of the interventions and health care re-
sources physicians use. Diagnosis involves interpreting the
history, clinical observations, laboratory test results, or im-
aging studies—all of which are “tests” undertaken to help
physicians refine their estimate of the probability that a
patient has a particular condition.

Diagnosis is rarely definitive: clinicians often implicitly
measure diagnostic uncertainty with the use of terms like
certain, probably, possibly, and unlikely and thereby esti-
mate the probability of the presence of a condition. The
degree of certainty required for a particular diagnosis in a
particular patient depends on the possible risks and ben-
efits of therapy and the patient’s preferences about testing
and treatment. A physician might well be prepared to try
a bronchodilator in a child in whom there was an 80%
chance her symptoms were due to asthma, but the phy-
sician would want to be close to 100% certain of a diag-
nosis of leukemia before starting cytotoxic therapy.

WHEN IS ATEST WORTH DOING?

It is easier for a physician to determine whether more good
than harm will come from therapy if the probabilities that
disease is present, the therapy will be beneficial, and ad-
verse effects will occur are made explicit. Testing is worth-
while only if it will change management or provide clini-
cally important information about a patient’s prognosis.
Clinicians often intuitively decide when testing is worth-
while (see example 1).

Example 1 The ongoing measurement of oxygen
saturation in a pink baby with no respiratory tract
symptoms (probability of hypoxia nearly 0%) will
add nothing to management because a low
saturation value is more likely to be monitor error
than real. Likewise, if the saturation monitor
reads “100%” in an acutely cyanotic patient,
measurement error should be assumed and the
decision to cancel oxygen treatment obviated. For
patients whose condition is unstable, or those in
respiratory distress who are not obviously
cyanotic, oxygen saturation monitoring can be
useful.

In Example 1, clinicians have implicitly defined a group
of patients at intermediate risk, for whom the result of the
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Summary points

¢ Diagnosis does not imply certainty but carries an
implicit probability
o All diagnostic test results may sometimes be wrong

e The value of a test for predicting a condition depends
on pretest probability (underlying probability of that
condition) and test performance (measured by the
likelihood ratio or sensitivity and specificity)

test is likely to change clinical management. Thresholds
on either side of this group of patients have been defined:
a test:treat threshold, above which a patient would be given
treatment without testing and below which testing should
be done, and a test:no-test threshold, above which the pa-
tient should be tested and below which the patient should
not." The action threshold is in the middle range, repre-
senting the point at which the harm caused by giving
oxygen to patients who are not hypoxic is equivalent to the
harm of not giving oxygen to those who are.

WHAT DETERMINES WHETHER A TEST WILL
CHANGE A PHYSICIAN’S ACTION?

A test will be useful if the test results move the patient
across the action threshold. The likelihood that a particu-
lar test finding will move a particular patient across the
action threshold depends on 2 important factors:

* The estimated probability of disease in a patient before
a test is done (pretest or “prior” probability)
Pretest probability can be estimated by using clinical
skills and the knowledge of disease frequency in simi-
lar populations (gained from studies of groups of simi-
lar patients).

* How well the results of the test separate those with
disease from those without it (expressed as fkelihood
ratios or sensitivity and specificity)

Test performance is measured by an unbiased compari-
son of the test result against a gold standard (also called a
reference or criterion standard) for the diagnosis. The sen-
sitivity of a test is the proportion of diseased patients who
have a positive test result—that is, it measures how well
the test correctly labels people who actually have the con-
dition. The specificity is the proportion of nondiseased
patients who have a negative test result—that is, it mea-
sures how well the test is correctly labels people who do
not have the condition. Calculations are shown in tables 1
and 2 using the numbers from example 2.

Best Practice

Ruth Gilbert

Center for Evidence
Based Child Health
Department of
Epidemiology and
Statistics
Institute of Child Health
London :
Stuart Logan

Systematic Reviews
Training Unit :
Institute of Child Health
London
Virginia A Moyer

Center for Clinical
Research and :
Evidence-Based Medicine
Department of Pediatrics
University of :
Texas-Houston Health
Science Center

Elizabeth J Elliott
Department of
Paediatrics and Child
Health
University of Sydney and }
Children’s Hospital at
Westmeade

Sydney, Australia

Correspondence to:
Dr Moyer

virginia.a.moyer@uth.
tmc.edu

Competing interests:
None declared

Volume 174 June 2001 wjm 405



Best Practice

Table 1 Calculating sensitivity and specificity and likelihood ratio (LR) of a diagnostic test in 81 patients®

Clinical Echocardiographic finding

examination Heart defect, No heart Total patients,
finding defect, no. no.

Murmur 18 (a) 3 (b) 21
Nomurmur .............................. 16@44@ ............................. .6; ................
TOtal .......................................... 34 ............................... 47 ................................ 81 ................

*Calculated as follows:

Sensitivity = a/(a +¢) > 18/34 =53%
Specificity = d/b + d) > 44/47 = 94%

LR =[a/(a+0)]/[b/(b+d)] > 53%/6% = 8.8

Example 2 About 3.5/1,000 apparently healthy
full-term babies have major congenital heart
disease,? and you want to know whether clinical
examination of an apparently healthy newborn
can detect this condition. The only study you find
is done in a regionally representative group of
newborns with Down syndrome.? All infants had a
clinical examination (the “test”) and all, whether
or not they had a murmur, also had
echocardiography (the “gold standard”). Of the
34 infants with major cardiac defects, 18 had a
murmur on clinical examination (53% sensitivity),
and of the 47 infants who did not have cardiac
defects, 44 had no murmur (94% specificity).
Assuming that clinical examination (the test)
works the same way in infants without Down
syndrome, you apply the pretest probability,
sensitivity, and specificity of the testto a
hypothetical group of 10,000 apparently healthy
babies. Of the 35 babies in this hypothetical
group with major cardiac defects, 19 will have a
heart murmur, and of the 9,965 normal babies,
9,327 will not have a murmur. However, 638 will
have a murmur but no heart disease. The result is
that for every “true-positive” heart murmur, there
are about 35 “false-positives.”

Likelihood ratios

Interpretation of the test result depends greatly on how
likely it is that the disease was present in the first place. In
fact, using a positive predictive value (the probability that
a disease is present, given a positive test result) is risky;
it actually applies only to a patient or group with the
same pretest probability as the one that was studied. Sen-
sitivity and specificity are generally similar across groups
and are less dependent on prevalence. However, using
sensitivity and specificity by calculating hypothetical
2 x 2 tables for every situation is more work than anyone

needs. Instead, the probability that a particular test result
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will occur in patients with disease can be compared with
the probability that the same test result will occur in pa-
tients without the disease. In the case cited in Example 2,
53% of patients with heart defects and 6% of patients
without heart defects have a murmur, so the ratio is cal-
culated as: 53%/6% = 8.8. This ratio (called the Zkelihood
ratio [LR]) reflects the performance of the test. In fact, the
pretest odds that the disease is present can actually be
multiplied times the LR to get the post-test odds. Note
that these are “odds,” not probability. The conversion is
simple but not intuitively obvious: odds = probability/1 -

probability, and probability = odds/1 + odds.

SIMPLE WAYS TO USE LR

For those who wish to avoid converting odds, Fagan de-
veloped a nomogram (figure).* In this nomogram, a
straight line drawn from a patient’s pretest probability of
disease (which is estimated from experience, local data, or
published literature) through the LR for the test result that
may be used will point to the post-test probability. The
farther an LR is above or below 1.0, the better the test
separates patients with from those without the disease. For
tests with only 2 possible results (positive and negative),
the LR can be quickly calculated from the sensitivity and
specificity:

Likelihood ratio for a positive test = sensitivity/1 -
specificity
Likelihood ratio for a negative test = 1 - sensitivity/
specificity

Many clinical and laboratory tests do not have a single
cutoff value, or a simple “positive” or “negative” result, but
rather give a range of values. Clinical experience and com-
mon sense tell us that the more abnormal a test result, the
more likely that it reflects actual disease than a test result
that is mildly abnormal. Using the data in strata, rather
than a series of cutoff values for positive versus negative, is
more efficient use of the information that investigators

have provided. The LR for each level of the test result is

Table 2 Calculating probability of heart defect in a hypothetical group of
10,000 normal babies, using known sensitivity and specificity of clinical
examination as a test

Reference standard:

echocardiography

Major No major Total
Test: clinical  defect, defect, patients,
examination
Positive result 19 638 656
Negative result 16 9,327 9,344
Total 35 9,965 10,000
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The likelihood ratio nomogram (adapted from Fagan®)

the ratio of the proportion of patients with the disease who
had that particular test result to the proportion of those
without the disease who had that same test resule. The
pretest probability (again, derived from clinical experience
with similar patients, from local data about the group, or
from the literature) can be converted to the post-test prob-
ability using the LR and the LR nomogram.

The sensitivities, specificities, and LRs found in the
literature are estimated from patient samples, so they are
not exact. For each one, a 95% confidence interval—
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representing the range of values within which the true
value is likely to be found—can be calculated. If confi-
dence intervals are not provided by the authors, they can
be calculated. Physicians should be aware that the smaller
the study, the wider the confidence intervals, and the less
precise are the estimated values of sensitivity, specificity,
and LRs.

Example 3 You are examining a patient with
abdominal pain, who in your clinical judgment
has about a 10% chance of having appendicitis.
The white blood cell (WBC) count comes back
13.0 X 10%/L (13,000/dL), and your student asks
you what the cutoff value is for WBC count in
appendicitis. You wonder if using a single cutoff
value makes sense. Logically, the higher the WBC
count, the more likely it is that the patient has
appendicitis (Andersson et al found this to be
true in their investigation®). Using a WBC count of
12.0 X 10%/L (12,000/dL) as a cutoff value, the LR
for appendicitis if the patient has a WBC count of
13.0 X 10°/Lis 3.8 (table 3). Using the
nomogram shows that with a 10% pretest
probability of appendicitis being present, this test
result would raise that probability to about 30%.
However, when the same data are arranged in a
strata of increasing WBC counts, the LR for this
WBC count is much higher, at 7.0, so that the
post-test probability is 45%. The same
phenomenon exists for the negative end of the
test: if the patient’s WBC count is 7.5 X 10°/L
(7,500/dL), and a single cutoff value of 12.0 X
10°/L is used for an abnormal test result, then the
post-test probability is 5%; if the LRs from the
stratified data are used, the post-test probability
is down to 2% (table 4).

CHANGING THE CUTOFF VALUE FOR A POSITIVE
TEST RESULT

Some situations will demand that a single cutoff value be
chosen for a test. For example, for a screening test, any
value above or below a certain cutoff level might trigger
further investigation. Regardless of which cutoff value is
chosen, there will be false-positive and false-negative re-
sults; as the sensitivity increases, specificity is lost, and vice
versa. The choice of a particular cutoff value depends on
how the test result will be used—to rule out disease, to
rule in disease, or to screen the population. Some useful
mnemonics have been developed to help with this.

Useful tips: “SpPIn, SnNOut”
Choosing among tests with different properties or choos-
ing the cutoff value for a single test depends on the pur-
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Table 3 Caleulating likelihood ratio (LR) for appendicitis with a cutoff
value of white blood cell (WBC) counts of 12 x 1 0°/L (12,000/dL)*

Appendicitis
present,
no.t

Appendicitis
not present,
no.t LR

WBC count,
X 10°/L

*From Andersson et al.>
tValues are number of patients.

pose of getting the test result and may seem counterintui-
tive. When the objective is to rule out a disease, the test
with the fewest false-negative results should be chosen.
Because sensitivity is the proportion of people with disease
who have a positive test result, a test with high sensitivity
has the fewest false-negatives. Because nearly all diseased
patients have a positive test result, few diseased patients
have a negative test result (few false-negatives). On the
other hand, when the objective is to confirm a diagnosis,
the physician should choose the test with the fewest false-
positives; that is, a test with high specificity. A simple way
of remembering the effect of different properties of tests is
to use the mnemonics “SpPIn” and “SnNOut.” If a highly
Specific test is used, a Positive result rules 7z the diagnosis;
hence, the mnemonic SpPln. On the other hand, if a
highly Sensitive test is used, a Negative result rules Out the
diagnosis: SnNOut.

SCREENING

Screening, as defined by the 1998 UK National Screening
Committee,® is “The systematic application of a test, or
inquiry, to identify individuals at sufficient risk of a spe-
cific disorder to warrant further investigation or direct
preventive action, amongst persons who have not sought
medical attention on account of symptoms of that
disorder.”

Although the dividing line between case finding in
clinical practice and screening is arbitrary, the key differ-
ence is an ethical one. In clinical practice, patients ap-
proach professionals and ask for help, whereas in screening
programs, professionals actively encourage people to un-
dergo a procedure on the basis that they will benefit. Cli-
nicians have a responsibility to do the best for their pa-
tients within the limits of knowledge. For screening
programs, the benefits of the program (including effective
treatment) need to clearly outweigh the potential harms.

A particular problem faced in screening is that it often
involves uncommon disorders (ie, the pretest probability
of disease is low). To avoid missing cases requires a highly
sensitive test. However, when the cutoff value is set to

Table 4 Caleulating likelihood ratio (LR) for appendicitis with increasing
white blood cell (WBC) counts*

Appendicitis
present
no.t

Appendicitis
not present,
no.t

WBC count,
X 10°/L

Total tested 190 297

*From Andersson et al.>
tValues are number of patients.

maximize sensitivity, the trade-off is a loss of specificity. In
this situation, diagnostic facilities are in danger of being
swamped by patients labeled as having a positive result on
a screening test who do not have the condition of interest.
There is also evidence that some families suffer long-term
problems when their children “fail” screening tests but are
subsequently found not to have the condition.” A careful
approach is required in the way results of screening tests
are given to parents and in subsequent confirmatory test-
ing. The overall assessment of the possible costs and ben-
efits of any screening program includes an assessment of
the potential for harm.
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The higher the white blood cell count, the more likely it is that a
patient has appendicitis
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The approach to the evaluation of tests or clinical ob-
servations outlined earlier is the same for screening tests.
However, the performance of screening tests should not be
considered in isolation from other aspects of the screening
program, including the effectiveness of the interventions
and the availability of facilities for diagnosis and treatment.

CONCLUSIONS

A test should be used only if it is likely to change what is
done to patients. This depends on the action threshold—
the probability that a disease is present for which an in-
tervention would be offered because it would do more
good than harm—patients” pretest probability of disease,
and the test performance (measured by LRs or sensitivity
and specificity). For all tests, there is an inverse relation-
ship between sensitivity and specificity. The decision to
introduce a screening program depends on the availability
of appropriate screening and diagnostic tests and their
cost, the prevalence and prognosis of the condition, the
availability of effective treatment, and the potential for
testing to cause harm.

This article was edited by Virginia A Moyer of the department of pedi-
atrics, University of Texas Medical Center at Houston. Articles in this
series are based on chapters from Moyer VA, Elliott EJ, Davis RL, et al,
eds. Fvidenced-Based Pediatrics and Child Health. London: BM] Books;
2000.
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