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Diagnosis: Making the Best Use
of Medical Data

MARK H. EBELL, MD, MS, University of Georgia, Athens, Georgia

To take the best possible care of patients, physicians must understand the basic principles of diagnostic test inter-
pretation. Pretest probability is an important factor in interpreting test results. Some tests are useful for ruling in
disease when positive or ruling out disease when negative, but not necessarily both. Many tests are of little value for
diagnosing disease, and tests should be ordered only when the results are likely to lead to improved patient-oriented
outcomes. (Am Fam Physician. 2009;79(6):478-480. Copyright © 2009 American Academy of Family Physicians.)
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Ithough evidence-based medicine

is often associated with random-

ized controlled trials and treat-

ment decisions, the past 20 years

have seen an explosion in our knowledge

about diagnosis. New tests, such as the brain

natriuretic peptide (BNP) and p-dimer tests,

have been developed, and physicians have

better data on older tests and on the history
and physical examination.

Adopting New Tests

New tests are usually described in terms of
their sensitivity and specificity. A sensi-
tive test is good for detecting disease when
it is present, whereas a specific test is good
for identifying the absence of disease in
healthy patients. But there are several other
important factors that make a test worth
adopting, including cost, availability, and
the potential for harm. Most importantly,
does the information help physicians take
better care of patients and improve patient-
oriented outcomes? Knowing with greater
certainty that a patient has a disease is
helpful only if this knowledge leads to an
improvement in treatment that increases
how long or how well the patient lives. Tests
can be harmful when they lead to unneces-
sary invasive procedures or unneeded worry.
For example, if an older patient who smokes
presents with dyspnea of uncertain origin,
the physician might consider electrocardi-
ography (ECG), echocardiography, radiog-
raphy, and BNP measurement. Should all
four tests be ordered? Which ones merely
add cost without improving patient-oriented
outcomes? In this case, a study in several

European emergency departments found that
use of the BNP test in the setting described
above reduced the length of hospitalization
and saved money.! Although chest radiogra-
phy and ECG probably should be ordered, an
echocardiogram isn’t necessary if the BNP
levels are normal.

Knowing the sensitivity and specificity
of tests is useful to researchers, but it is the
source of much frustration to physicians
because these numbers don’t describe the
test from our perspective. Sensitivity and
specificity tell us the likelihood of a positive
or negative test, given that the patient does
or does not have the disease in question. Of
course, if we knew whether or not the patient
had the disease, we wouldn’t need the test!

Knowing the predictive values and post-test
probabilities is more helpful because these
values answer the following key questions:
(1) if a test is positive, what is the likelihood of
disease (positive predictive value or post-test
probability of a positive test)? and (2) if a test
is negative, how likely is it the patient does not
have the disease (negative predictive value or
post-test probability of a negative test)?

What does this mean to you as a physician?
First, always consider whether the informa-
tion gained from the test is likely to improve
patient-oriented outcomes. Second, think in
terms of predictive value. How much does
a positive test increase the likelihood of
disease, and how much does a negative test
decrease it?

Discontinuing Tests

Some tests that were once thought to be
helpful turn out to be inaccurate when
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Table 1. Tests and Findings with Little or No Diagnostic Value

Diagnosis Test or finding Sensitivity (%)  Specificity (%) LR+ LR-

Acute cholecystitis? Elevated alanine transaminase or 38 62 1.0 1.0
aspartate transaminase level

Breast cancer (patient with spontaneous  Ultrasonography 36 68 1.1 0.94

single-duct nipple discharge)?

Iron deficiency anemia* Mean corpuscular volume of 75 — — 1.0 —
to 79 uym? (75 to 79 fL)*

Lumbar spinal stenosis® Pain is worse with walking 71 30 1.0 1.0

Migraine headache® Headache is triggered by menses 44 56 1.0 1.0

Ovarian cancer’ Indigestion 36 63 1.0 1.0

Peripheral artery disease® Weak femoral artery pulse 33 67 1.0 1.0

Pulmonary embolism?® Ventilation-perfusion scanning — — 1.2 —

(intermediate probability)*

LR+ = positive likelihood ratio, LR- = negative likelihood ratio.
*—Tests with no single cutoff or cut-point.

Information from references 2 through 9.

carefully studied (Table 1).>° Positive and negative like-
lihood ratios (LRs) tell us the extent to which a positive
or negative test increases or decreases the likelihood of
disease. LRsgreater than 5.0to 10.0significantlyincrease
the likelihood of disease, and those less than 0.1 to
0.2 significantly decrease it. LRs between 0.2 and
5.0 change the likelihood of disease much less, espe-
cially as they approach 1.0. Although the tests listed in
Table 1 are widely taught and widely used, their LRs are
close to 1.0; therefore, they have little or no value for
diagnosis.*’

Some tests have no single cutoff or cut-point, such as
yes or no. Instead, they can have a range of values and
a range of LRs (Table 2)."° This type of LR gives us the
most information from a test result.

Table 2. Likelihood of Endometrial Cancer in
Women with Postmenopausal Vaginal Bleeding

Thickness of Likelihood  Post-test
endometrial stripe (mm)  ratio probability (%)*
<4 0.02 0.2

5 0.21 2.3

61to 10 0.5 53

11 to 15 2.2 19.6

16 to 20 6.4 41.6

21to 25 9.0 50.0

>25 15.2 62.8

*—Assumes a pretest probability of 10 percent in women with post-
menopausal vaginal bleeding.

Information from reference 10.
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Ruling In and Ruling Out Disease

Some tests are good at ruling in disease when the results
are positive, but they do not rule out disease when they
are negative (or vice versa). This can be confusing to
physicians who think that tests behave symmetrically
(i.e., they are equally good at ruling in and ruling out
disease). Tests that are useful only for ruling in disease
tend to have a sensitivity near 50 percent, but a very high
specificity. Conversely, tests that are useful only for rul-
ing out disease have a very high sensitivity, but a modest
specificity. A good example comes from a meta-analysis
of p-dimer testing in patients with suspected pulmonary
embolism." A rapid p-dimer test result of greater than
500 mcg per L (2.74 nmol per L) was 99 percent sensitive,
but only 44 percent specific for diagnosis of pulmonary
embolism. This corresponds to positive and negative LRs
of 1.8 and 0.2, respectively. An online clinical calcula-
tor (http://www.dokterrutten.nl/collega/LRcalcul.html)
shows that if a patient has a 10 percent pretest probabil-
ity of pulmonary embolism, that probability increases to
17 percent if the p-dimer results are abnormal (not clini-
cally helpful). However, if the p-dimer results are nor-
mal, the probability decreases to only 0.2 percent. Thus,
this test is very good at ruling out pulmonary embolism
when negative in a low-risk patient, but it is of little value
for ruling in pulmonary embolism when results are
abnormal in the same patient.

Interpreting Test Results

A common misconception is that evidence-based medi-
cine and practice guidelines encourage a kind of “cook-
book medicine,” where all patients are treated the same
way. That isn’t true. A good chef knows that a cookbook
provides an important starting point, but that there are
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usually several equally good options, depending on what
ingredients are available and the desired outcomes. Simi-
larly, the interpretation of a test and subsequent manage-
ment decisions depend on the probability of disease. One
example is the difference between a low-prevalence pri-
mary care or screening population and a high-prevalence
referral or diseased population. For example, an abnormal
CA-125 test followed by ultrasonography if the results are
abnormal is 57 percent sensitive and 99 percent specific
for ovarian cancer (positive LR = 57; negative LR = 0.43).12
Therefore, this test is better at ruling in ovarian cancer
when positive than at ruling it out when negative. But the
prevalence of disease is critical in determining whether to
use the test in practice. In the general population, in which
the prevalence of ovarian cancer is only 0.04 percent," the
probability that a woman with an abnormal CA-125 test
plus abnormal ultrasonography has ovarian cancer is only
2.2 percent. Using this test widely for screening would
result in psychological harm and overuse of invasive test-
ing and laparoscopy.'* On the other hand, the test may be
a sensible option in a high-prevalence population, such as
women with a BRCAI or BRCA2 mutation.

Combining Clinical Findings

Clinical decision rules combine findings from several ele-
ments of the history and physical examination, and some-
times a laboratory test, to help us make better diagnoses
and prognoses. Well-known examples include the strep
score” and Ottawa Ankle Rules,' but hundreds of others
have been published, and many have been prospectively
validated—something to look for before using them in
the care of your own patients. PubMed’s Clinical Queries
Web site  (http://www.ncbi.nlm.nih.gov/entrez/query/
static/clinical.shtml) and the Point-of-Care Guides fea-
tured in American Family Physician can be used to find
clinical decision rules.

Most clinical decision rules place a patient in a risk
group. This information can be used to guide further
clinical decision-making. In general, when subsequent
diagnostic tests are negative in a low-risk patient or posi-
tive in a high-risk patient, no further testing is neces-
sary. Discordant results between the clinical rule and
subsequent testing should prompt further evaluation.
Remember, these are clinical decision-support tools, not
clinical decision-replacement tools. They can improve
our decision-making, but only if used wisely.
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