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Likelihood Ratio in Diagnosis
Stephanie Crewe, MD,* Peter C. Rowe, MD†

Case Study
You are evaluating an 18-year-old
girl who has dysuria. Using your un-
derstanding of the epidemiology of uri-
nary tract infections (UTIs) in adoles-
cents, your knowledge of the signs and
symptoms of UTI, and your clinical
judgment of how ill she appears, you
arrive at a pretest estimation that she
has a 40% probability of having a UTI.
You wonder how much the probability
of UTI will change if the urinalysis
shows white blood cells (WBCs) in the
urine.

Evaluating Diagnostic Test
Results
Diagnostic tests are used in practice
to enhance clinical decision making
and especially to revise probabilities
in individual patients. (1) A diagnos-
tic test is often ordered to modify the
practitioner’s initial estimation of

disease probability (pretest probabil-
ity) and generates the probability of
disease after the test (posttest proba-
bility). Practitioners and patients
are most interested in the posttest
probability because this knowledge
can help in deciding whether a diag-
nosis can be confirmed and treat-
ment initiated, if a diagnosis can be
ruled out and treatment withheld, or
if further tests are needed. (2)

An effective and practical (if
underused) approach to evaluating
test results is the likelihood ratio
(LR). LRs provide a reasonable esti-
mate of the degree to which a test
result will change the probability of
an individual patient having a dis-
ease. (2) They provide a summary of
how many times more (or less)
likely patients who actually have the
disease are to demonstrate a particu-
lar result compared with patients
who do not have disease. Simply
stated, an LR is the percentage of ill
people who have a given test result
divided by the percentage of well in-
dividuals who have the same result.
(3) LRs can be calculated from a 2!2
table, as shown in Figure 1. Al-
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Disease

Positive Test Present Absent
Result a b

Negative Test
c dResult

a " c b " d

Sensitivity # a/(a"c)
Specificity # d/(b"d)
LR for a positive test # [a/(a"c) $ b/(b"d)] or sensitivity $ (1-specificity)
LR for a negative test # [c/(a"c) $ d/(b"d)] or (1-sensitivity) $ specificity.

Figure 1. General calculation of likelihood ratios.
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though posttest probabilities can be-
calculated, the Fagan nomogram
(Fig. 2) is a convenient tool that
shows how a test that has a known
LR can change the pretest probabil-
ity. (4)

An LR greater than 1 increases the
probability that the target disorder is
present, and the higher the LR, the
greater this increase. Conversely, an
LR less than 1 decreases the proba-
bility of the target disorder, and the
smaller the LR, the greater the de-
crease in probability. (5) LRs of dif-
ferent sizes have different clinical im-
plications; the further the LR is from
1.0, the greater its effect on the prob-
ability of disease. (3) For example, an
LR greater than 10 or less than 0.1
generates large and often conclusive
changes from pretest to posttest
probability. On the other hand, LRs
of 1 to 2 and 0.5 to 1 alter probability
to a small (and rarely important) de-
gree. (4)

LRs offer several advantages in the
clinical setting compared with other
statistical methods of assessing the
properties of diagnostic tests. (1)
They are useful across an array of
disease frequencies and allow the test
results to be applied to a specific pa-
tient. Not only can LRs be used for
dichotomous results, but they can be
applied to tests involving multiple
levels of results. This property en-
ables clinicians to interpret and use a
full range of diagnostic test out-
comes. (3)

Case Continuation
A recent study demonstrated the util-
ity of urgent urine microscopy for im-
proving the diagnosis of UTI, particu-
larly when there are more than 50
WBCs per high-power field (hpf). (6)
Using the study results (Figure 3), the
calculated sensitivity of more than
50 WBCs for diagnosing UTI is
0.708 and specificity is 0.889. The LR

Figure 2. Nomogram for pre- and posttest probabilities and likelihood ratios. A line
can be drawn from the pretest probability estimate on the left side of the figure
through the likelihood ratio to identify the posttest probability of disease. Modified
from Jaeschke et al. (5) Used with permission of the Massachusetts Medical Society.

Urinary Tract Infection
(culture-proven)

Urine Test Present Absent

White blood cells !50 17 4

White blood cells %50 7 32

24 36

Sensitivity # a/(a"c) # 17/24 # 0.708
Specificity # d/(b"d) # 32/36 # 0.889
LR for a positive test # [a/(a"c) $ b/(b"d)] # 17/24 $ 4/36 & 6.4
LR for a negative test # [c/(a"c) $ d/(b"d)] # 7/24 $ 32/36 & 0.33

Figure 3. Calculation of likelihood ratios for urine microscopy. (6)
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of a positive test is approximately 6.4;
the LR of a negative test is approxi-
mately 0.33. Using the Fagan nomo-
gram and a pretest probability of 40%,
note how much a positive or negative
result on this test changes the posttest
probability (Fig. 4). The LR for a pos-
itive test increases the posttest probabil-
ity of UTI to approximately 80%, while
a negative test reduces the posttest
probability to below 20%.

Your patient has a positive urine
microscopy showing more than
50 WBCs/hpf. Knowing that the post-
test probability is approximately 80%,
you feel comfortable treating with an-
tibiotics rather than simply waiting
until the culture results return. (1)
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Figure 4. Effects of a likelihood ratio of a positive and a negative test for urinary
white blood cells on the posttest probability of your patient having a urinary tract
infection. The pretest probability is 40%.
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