CLINICAL EPIDEMIOLOGY ROUNDS

How to read clinical journals:
II. To learn about a diagnostic test

DEPARTMENT OF CLINICAL EPIDEMIOLOGY AND BIOSTATISTICS,
McMASTER UNIVERSITY HEALTH SCIENCES CENTRE

The first round in this series (Can
Med Assoc J 1981; 124: 555-558)
presented 10 reasons to read clinic-
al journals and introduced a flow-
chart of guides for reading them
(Fig. 1) that suggests four univer-
sal guides for any article (consider
the title, the authors, the summary
and the site) and points out that
further guides for reading (and dis-
carding) articles depend on why
they are being read.

This round will present guides
for reading articles that describe
diagnostic tests, both old and new.
First, however, we must give somc
nominal definitions.

The serum level of thyroxine (T+)
can be measured in at least four cir-
cumstances, and it is important for
us to tell them apart. First, a group
of passers-by in a shopping plaza
or the members of a senior citizens’
club may be invited to have a free
T. test; this testing of apparently
healthy volunteers from the general
population for the purpose of separ-
ating them into groups with high
and low probabilities for thyroid
disease is called screening. Second,
patients who come to a clinician’s
office for any illness may have a T.
test routinely added to whatever
laboratory studies are undertaken to
diagnose their chief complaints: this
testing of patients for disorders that
arc unrelated to the reason they
came to the clinician is called case
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finding. Third, a T.: test may be
specifically ordered to explain thc
exact cause for a patient’s present-
ing illness; this, of course, is diag-
nosis. Finally, a T. test may be or-
dered for a patient who is taking
a replacement hormone or who has
previously received therapeutic
radioiodine in order to test for
achievement of a treatment goal.

This round will deal mostly with
diagnosis, and later rounds will take
up the other three uses of paraclin-
ical data such as a T. determina-
tion.

Guides for reading articles
about diagnostic tests

When encountering an article that
looks like it might be describing a
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FIG. 1—The first steps in how to read articles in a clinical journal.
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useful diagnostic test (that is, the
title is interesting, the authors have
a good track record, the summary
shows it would be very helpful if it
really works as claimed, and the
site is similar to your own), what
should you seek in the Methods
portion of the paper?

The eight elements of a proper

clinical evaluation of a diagnostic

test appear in Table I."* They con-
stitute guides for the clinical reader
and will be considered in order.

1. Was there an independent,
“blind” comparison with a ‘“‘gold
standard” of diagnosis?

Patients shown (by application of
an accepted “gold standard” of
diagnosis, such as a biopsy) to have
the disease of interest, plus a sec-
ond group of patients shown (by
application of the same gold stand-
ard) not to have this disease should
have undergone the diagnostic test,
and the test should have been inter-
preted by clinicians who didn’t
-know (that is, they were “blind” to)
whether a given patient really had
the disease. Afterward, these diag-
nostic test results should be com-
pared with the gold standard.

The most straightforward method
of displaying the comparison of a
diagnostic test and a gold standard
is with a “two-by-two” or “four-
fold” table (Table II). The key
words in such comparisons are
sensitivity, specificity and predictive
value. If you don’t see at least the
first two words in the abstract, be-
ware. If you don’t find or cannot
construct a fourfold table from a
sneak preview of the Results sec-
tion, it’s probably not worth your
time to read any further; toss the
article out and go to the next one.

If the article survives this quick
screening test, a great deal of useful
information can be derived from
comparing the diagnostic test results
and the gold standard. Here are the
basic concepts:

First, the gold standard refers to
a definitive diagnosis attained by
biopsy, surgery, autopsy, long-term
follow-up or another acknowledged
standard. If you can’t accept the
gold standard (within reason, that
is — nothing’s perfect!) then you
should abandon the article.* If you
do accept the gold standard, then

consider the diagnostic test: Does
it have something to offer that the
gold standard does not? For exam-
ple, is it less risky, less uncom-
fortable or less embarrassing for the
patient, less costly or applicable
earlier in the course of the illness?
Again, if the proposed diagnostic
test offers no theoretical advantage
over the gold standard, why read
further?

Having satisfied yourself that it’s

*Of course, the gold standard mustn’t
include the diagnostic test result as one
of its components, for the resulting “in-
corporation bias” would invalidate the
whole comparison.?

worth proceeding, you are now
ready to study the comparison be-
tween the diagnostic test results and
the gold standard. There are several
useful elements of this comparison,
and we will cover them one by one,
introducing their associated tech-
nical jargon along the way.

The first two elements of this
comparison consider how well the
diagnostic test correctly identifies
patients with and without the dis-
ease of interest. Consider the ver-
tical columns of Table II. The gold
standard has identified (a + «¢)
patients as having the disease of
interest, and the “a” patients had
positive diagnostic test results. Thus,

Table I—Elements of the proper clinical evaluation of a diagnostic test

adequately described?

tion) determined?
Was the term ‘‘normal’’ defined sensibly?

replication?
. Was the “‘utility’’ of the test determined?

’

©® N e A w N

Was there an independent, ‘‘blind’’ comparison with a ‘‘gold standard’’ of diagnosis?
Did the patient sample include an appropriate spectrum of mild and severe, treated and
untreated disease, plus individuals with different but commonly confused disorders?
Was the setting for the study, as well as the filter through which study patients passed,

Was the reproducibility of the test result (precision) and its interpretation (observer varia-
If the test is advocated as part of a cluster or sequence of tests, was its contribution to the

overall validity of the cluster or sequence determined?
Were the tactics for carrying out the test described in sufficient detail to permit their exact

Table l1—Fourfold table demonstrating ‘‘blind’’ comparison with ‘‘gold standard’’

Gold standard
Patient
Patient has | does not have
the disease the disease
Positive:
Patient appears True Fa_ls_e
Test result :1?3’;::: the positive positive a+b
(conclusion 21 b
drawn from the
:::r)lts of the Negative: cld
Patient appears False True c+d
not to have egative negative
the disease neg g
v atc b+d a+b+c+d
Stable properties:

a/(a + c) = sensitivity

d/(b + d) = specificity
Frequency-dependent properties:

a/(a + b) = positive predictive value*

d/(c + d) = negative predictive value

(a+ d)/(a+ b+ ¢+ d) = accuracy

(a+ c)/(a+ b+ c + d) = prevalence

*Positive predictive value can be calculated other ways too. One of them uses Bayes’ theorem:

(prevalence)(sensitivity)
(prevalence)(sensitivity) + (1 — prevalence)(l — specificity)

704 CMA JOURNAL/MARCH 15, 1981/VOL. 124




an index of the diagnostic test’s abil-
ity to detect the disease when it is
present is a/(a + c), usually ex-
pressed as a percentage and, for
purposes of quick communication,
referred to as sensitivity. Similarly,
the ability of the diagnostic test to
correctly identify the absence of the
disease is shown in the next vertical
column as d/(b + d); this index
goes by the name specificity. Sen-
sitivity and specificity can be con-
sidered the stable properties of the
test because they do not change
when different proportions of dis-
eased and well patients are tested;
this is an important issue, and we’ll
come back to it.

But stop a moment to consider
the usual clinical situation. When
we attempt to diagnose a patient’s
illness we do not have the results
of a gold standard to go by. (If we
did we would not bother to order
the less definitive diagnostic test
because we would already have

more information than it can pro--

vide.) We are operating horizon-
tally in Table II, not vertically.
Thus, in judging the value of a diag-
nostic test, what we wish to know
is not its sensitivity and specificity
but what it means when it is posi-
tive or negative. That is, we want to
know how well its results will pre-
dict the results of applying the gold
standard. If this prediction is good
enough we will add it to our bag
of diagnostic tricks.

Accordingly, we are primarily
interésted in the horizontal proper-
ties of the diagnostic test. Among
(a + b) patients, those with a posi-

tive diagnostic test result, in what
proportion, a/(a + b), have we cor-
rectly predicted, or “ruled in”, the
correct diagnosis? This proportion
a/(a + b), again usually expressed
as a percentage, goes by the name
positive predictive value.

Similarly, we want to know how
well a negative test result correctly
predicts the absence of, or “rules
out”, the disease in question. This
proportion, d/(c + d), is named the
negative predictive value.

Another property of interest is
the overall rate of agreement be-
tween the diagnostic test and the
gold standard. Table II reveals that
this could be expressed by the frac-
tion (a + d)/(a + b + ¢ + d); this
rate is usually called accuracy.*

If a diagnostic test’s predictive
value constitutes the focus of our
clinical interest, why waste time
considering its sensitivity and spe-
cificity? The reason is a funda-
mental one that has major implica-
tions, not just for the rational use
of diagnostic tests, but also for the
basic education of clinicians. Put
simply, a diagnostic test’s positive
and negative predictive values fluc-
tuate widely, depending on the pro-
portion of truly diseased individuals
among patients to whom the test is
applied — in Table II this is the
proportion (a + c)/(a + b + ¢ +
d), a property called prevalence.

Although a diagnostic test’s sen-

*Galen and Gambino,* who have written
a very thorough and easily understood
book on this topic, call this property
“efficiency”. We won'’t.

disease is present in half the men tested>

Table I1l—Postexercise electrocardiogram as a predictor of coronary artery stenosis when the

Sensitivity = a/(a + c) = 55/104 = 53%
Specificity = d/(b + d) = 84/91 = 92%;
Prevalence = (a+c)/(a+ b+ c+d)=

> 15% stenosis
Present Absent
Positive 55 7 62
Postexercise ajb
electrocardiogram cld
Negative 49 84 133
104 91 195

Positive predictive value = a/(a + b) = 55/62 = 89%
Negative predictive value = d/(c + d) = 84/133 = 63%

104/195 = §3%

sitivity and specificity remain con-
stant (or “stable”) with changes in
the proportions of diseased and
well people who are tested, its pre-
dictive values and accuracy can
change markedly (and thus are “un-
stable”) when the prevalence of ill-
ness changes. This is not a theo-
retical concern: in the real world
the prevalence of a given condition
varies considerably between patients
tested in primary and tertiary care
centres, as we saw in the hyperten-
sion example that concluded the
previous round. Furthermore, dur-
ing their initial development most
diagnostic tests are evaluated among
equal numbers of individuals with
and without the disease of interest
(i.e, a contrived prevalence of
50%). This is almost always a
higher prevalence than is seen in
clinical practice, even in tertiary
care centres.

Because an understanding of the
effect of prevalence on the stable
and unstable properties of diag-
nostic tests is central to their ration-
al use, and because those of us
who are generating these rounds
are convinced that active problem-
solving beats passive absorption,
we invite you to work through the
following example.

Several investigators carefully
studied a group of men referred
with chest pain. Following graded
treadmill stress testing (the diag-
nostic test) and selective coronary
arteriography (the gold standard),
they obtained the results shown in
Table II1.° The ability of the post-
exercise electrocardiogram (ECG) to
predict the results of selective coro-
nary arteriography was revealed in
its positive predictive value of 89%
(the percentage of men with posi-
tive ECGs whose arteriograms
showed -stenosis of 75% or more)
and its negative predictive value of
63% (the percentage of men with
negative ECGs whose arteriograms
showed less than 75% stenosis).
Accordingly, the authors concluded:
“In men a positive multistage stress
test is useful in predicting the pre-
sence of significant coronary artery
disease although a negative stress
test cannot be relied upon to rule
out the presence of significant dis-
ease.”

As you can see from the gold
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standard arteriographic results (a +
c)/(a+ b+ c+ d)or104/195 or
53% of the patients had marked
coronary artery stenosis — a highly
selected group of patients indeed.
What would happen if enthusiasts
adopted the multistage stress test
for wider use in an effort to detect
significant coronary disease in men
who want to take up jogging or
.other sports, regardless of whether
they had any chest pain?* Would a
positive stress test still be useful?

The results of applying this test
to a less carefully selected group of
men are entirely predictable (Table
IV). If the true prevalence of
marked coronary artery stenosis,
as assessed by the gold standard of
arteriography, was only 1/6 (104/
624 or 17%) rather than better than
1/2 (104/195 or 53%), the test’s
positive predictive value would fall
from 89% to 57% and its negative
predictive value would rise from
63% to 91% — the reverse of the
original situation.t

Now, we said that this result
could be forecast from Table III,
and it is this forecasting feature
that permits a reader to translate
the results of a diagnostic test evalu-
ation to his or her own setting. All
that are needed are a rough estimatc
of the prevalence of the disease in
one’s own practice (from personal
experience) or practices like it (from
other articles) and some simple
arithmetic. For example, as we've
charitably estimated for Table 1V,
approximately one sixth of all men
(both symptomatic and asymptoma-
tic) sent for coronary arteriography
from a primary care setting might
ultimately be found to have coro-
nary artery stenosis. Thus, if we

*The authors of the work cited in this
example made no such recommendation.®

+This hypothetical case closely approx-
imates what actually happened among
women in the study cited here.® Roughly
one sixth had 75% stenosis or more and
the stress test had a sensitivity of 50%,
a specificity of 78% (values close to
those observed among men), and positive
and negative predictive values of 33%
and 88% respectively. The authors con-
cluded: ““In women, a positive exercise
test is of little value in predicting the
presence of significant coronary artery
disease, whereas a negative test is quite
useful in ruling out the presence of sig-
nificant disease.”

started with the original number of
patients with coronary artery dis-
ease (104), five times this number
(520) would be free of the disease.
Because sensitivity remains con-
stant, 55 (53%) of the 104 diseased
men would have positive exercise
ECGs. Similarly, because specificity
remains at 92%, 478 of the 520
nondiseased men would have neg-
ative tests. The rest of the table
can then be completed by adding
or subtracting to fill in the appro-
priate boxes, and the predictive
values and accuracy can then be
calculated. In this or any other
example, then, the positive predic-
tive value falls and the negative pre-
dictive value rises when a diagnostic
test developed for patients with a
high prevalence of the target dis-
order is subsequently applied to pa-
tients with a lower prevalence of
the disorder.

Our analysis derives its relevance
from the very real differences in
prevalence of various disorders in
primary and tertiary care settings.
But individual clinicians seldom
work at more than one level of
specialization and so it might be
assumed that a given clinician need
not be concerned about the effect
of shifts in disease prevalence on
his or her interpretation of diag-
nostic tests. This assumption is
quite incorrect, however. We have
already mentioned the difference in
prevalence among men and women
in the same clinical setting. Patients
usually have a variety of easily dis-
cernible features that permit a fair-
ly precise estimate of the diagnosis

before any diagnostic tests are per-
formed. For example, a 30-year-

“old man with a history of nonan-

ginal chest pain has a low likeli-
hood of coronary artery stenosis
(Diamond and Forrester® put this
likelihood at 5%), whereas a 62-
year-old man with typical angina
has a very high likelihood of coro-
nary stenosis (94%°). When these
“pretest likelihoods” or “preval-
ences” are fed into our diagnostic
test model for exercise electrocar-
diography, the information pro-
vided by this test varies greatly. For
the younger man it can be calcu-
lated that the likelihood of coro-
nary artery stenosis is 26% if the
exercise test is positive (positive
predictive value) and 3% if the test
is negative (this is the complement
of the negative predictive value or
d/[c + d]). The exercise test is of
little value here: a negative test
merely informs us of the obvious
(ischemic heart disease is unlikely
in this man) and a positive test does
not imply a sufficiently high prob-
ability of the disease to justify in-
vasive testing under most circum-
stances.

The exercise test is also not very
helpful for the 62-year-old man
with typical angina. If the exercise
test is positive the likelihood of
disease rises only from 94% to
99%. If the test is negative the
likelihood falls only to 89%, hard-
ly reassuring enough to forgo fur-
ther testing.

The important use of the exer-
cise test (or any other test) lies in
its application in cases of uncer-

Table IV—Postexercise electrocardiogram as a predictor of coronary artery stenosis when the
disease is present in one sixth of the men tested!

> 75% stenosis
Present Absent
Positive 55 42 97
Postexercise a|b
electrocardiogram | cld
‘ Negative 49 478 527
N 104 520 624

Positive predictive value = a/(a + b) = 55/97 = 57%
Negative predictive value = d/(c + d) = 478/527 = 91%
Sensitivity = a/(a + ¢) = 55/104 = 53%; (as in Table IlI)
Specificity = d/(b + d) = 478/520 = 92% (as in Table l1)
Prevalence = (a -+ c)/(a+ b+ c + d) = 104/624 = 17%
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tainty. Let us consider another
example, that of a 45-year-old
man with atypical angina. Clinical
studies demonstrate that such a pa-
tient has a 46% likelihood of coro-
nary artery stenosis.’ Should he go
on to angiography or not? If an
exercise test is done and is posi-
tive, the likelihood of ischemic
heart disease can be calculated to
be 85%, and he should therefore
have an angiogram if clinically war-
ranted. If an exercise test is nega-
tive, however, the likelihood of sig-
nificant coronary stenosis drops to
30% and the need for further in-
vestigation diminishes.

Thus, the exercise test is of
value, but only for selected patients
for whom the likelihood of coro-
nary artery disease is neither high
nor low. To act on the results of
the exercise test in the last two cir-
cumstances makes little sense be-
cause it provides little information
beyond that already apparent from
the clinical presentation.

Having discussed the fourfold
comparison with a gold standard,
what about the element of “blind-
ness”? This simply means that those
who are carrying out or interpret-
ing the results of the diagnostic test
should not know whether the pa-
tient being tested really does or
does not have the disease of interest;
that is, they should be “blind” to
each patient’s true disease status.
Similarly, those who are applying
the gold standard should not know
the diagnostic test result for any
patient. It is only when the diag-
nostic test and gold standard are
applied in a blind fashion that we
can be assured that conscious or
unconscious bias (in this case the
“diagnostic suspicion” bias) has
been avoided.” As you may recall,
this bias was discussed in an earlier
round on clinical disagreement.®

2. Did the patient sample include
an appropriate spectrum of mild
and severe, treated and untreated
disease, plus individuals with dif-
ferent but commonly confused
disorders?

Florid disease (such as long-
standing rheumatoid arthritis) usual-
ly presents a much smaller diag-
nostic challenge than the same dis-
ease in an early or mild form; the

real clinical value of a new diag-
nostic test often lies in its predictive
value among equivocal cases. More-
over, the apparent diagnostic value
of some tests actually resides in their
ability to detect the manifestations
of therapy (such as radiopaque de-
posits in the buttocks of ancient
syphilitics) rather than disease, and
the reader must be satisfied that ihe
two are not being confused.

Finally, just as a duck is not often
confused with a yak even in the
absence of chromosomal analyses,
the ability of a diagnostic test to dis-
tinguish between disorders not com-
monly confused in the first place
is scant endorsement for its wide-
spread application. Again, the key
value of a diagnostic test often lies
in its ability to Wistinguish between
otherwise = commonly  confused
disorders, especially when their
prognoses or therapies differ sharp-
ly. It is this discriminating property
that makes the T. determination so
helpful in sorting out tense, anxious,
tremulous and perspiring patients
into those with abnormal thyroid
function and those with other dis-
orders.

3. Was the setting for the study, as
well as the filter through which
study patients passed, adequately
described?

In the previous round we saw
how the proportion of hypertensive
patients with surgically curable le-
sions varied almost 10-fold depend-
ing on whether the same diagnostic
tests were applied in a general prac-
tice or in a tertiary care centre.
Because a test’s predictive value
changes with the prevalence of the
target disease, the article ought to
tell you enough about the study site
and patient selection filter to permit
you to calculate the diagnostic test’s
likely predictive value in your own
practice.

The selection of control subjects
who do not have the disease of in-
terest should be described as well.
Although lab technicians and jani-
tors may be appropriate control
subjects early in the development
of a new diagnostic test (especially
with the declining use of medical
students as laboratory animals), the
definitive comparison with a gold
standard demands equal care in the

selection of patients with and with-
out the target disease. The reader
deserves some assurance that dif-
ferences in diagnostic test results
are due to a mechanism of disease
and not simply to differences in
such features as age, sex, diet and
mobility of case and control sub-
jects.

4. Was the reproducibility of the
test result (precision) and its inter-
pretation (observer variation) de-
termined?

Validity of a diagnostic test de-
mands both the absence of sys-
tematic deviation from the truth
(that is, the absence of bias) and
the presence of precision (the same
test applied to the same unchanged
patient must produce the same re-
sult). The description of a diagnostic
test ought to tell readers how re-
producible they can expect the test
results to be. This is especially true
when expertise is required in per-
forming the test (for example, ultra-
sonography currently has enormous
variation in the quality of its results
when performed by different oper-
ators) or in interpreting it (as you
may recall from an earlier round,
observer variation is a major prob-
lem for tests involving x-rays, elec-
trocardiography and the like).?

5. Was the term “normal” defined
sensibly?

If the article uses the word *“nor-
mal” its authors should tell you
what they mean by it. Moreover,
you should satisfy yourself that
their definition is clinically sensible.
Several different definitions of nor-
mal are used in clinical medicine;
we contend that some of them prob-
ably lead to more harm than good.
We have listed six definitions of
normal in Table V and acknowl-
edge our debt to Tony Murphy for
pointing out most of them.>*

Perhaps the most common defi-
nition of normal assumes that the
diagnostic test results (or some
arithmetic manipulation of them)
for everyone, for a group of pre-
sumably normal people or for a
carefully characterized “reference”
population will fit a specific theore-
tical distribution known as the nor-
mal or gaussian distribution. One
of the nice properties of the gaussian
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distribution is that its mean =+ two
standard deviations (SDs) encloses
95% of its contents, leaving 2.5%
at each of its upper and lower ends.
Thus, the “mean *= 2 SDs” became
a tempting way to define normal
and came into general use.

It’s too bad that it did, for three
logical consequences of its use have
led to enormous confusion and the
creation of a new field of medicine:
the diagnosis of nondisease." First,
diagnostic test results simply do not
fit the gaussian distribution. (Ac-
tually, we should be grateful that
they don’t; the gaussian distribution
extends to infinity in' both direc-
tions, necessitating occasional pa-
tients with impossibly high hemo-
globin concentrations and others on
the minus side of zero!) Second, if
the highest and lowest 2.5% of
diagnostic test results are called
abnormal, then all diseases have the
same frequency, a conclusion that
is also clinically nonsensical.

The third harmful consequence of
the use of the gaussian definition of
normal is shared by its more recent
replacement, the percentile. Recog-
nizing the failure of diagnostic test
results to fit a theoretical distribu-
tion such as the gaussian, many
laboratories have suggested that we
ignore the shape of the distribution
and simply refer, for example, to
the lower 95% of test results as
normal. Although the percentile de-
finition does avoid the problem of
negative test values, it still leads to
the conclusion that all diseases are
of equal prevalence and still contri-
butes to the “upper limit syndrome”
of nondisease because its use means
that the only “normal” patients are
the ones who are not yet sufficiently
worked up.*

This inevitable consequence
arises as follows: if the normal
range includes the lower 95% of
diagnostic test results, then the like-
lihood that a given patient will be
called normal when subjected to
this test is 0.95 (95%). If this same
patient undergoes two independent
diagnostic tests (independent in the
sense that they are probing totally
different organs or functions), the
likelihood that the patient will be
called normal is now 0.95 X 0.95
= 0.90. Indeed, the likelihood of a
patient’s being called normal is 0.95

raised to the power of the number
of independent diagnostic tests per-
formed. Thus, a patient who under-
goes 20 tests has only 0.95” or
about | chance in 3 of being called
normal; a patient undergoing 100
such tests has only about 6 chances
in 1000 of being called normal at
the end of the work up.*

Other definitions of normal, in
avoiding the foregoing pitfalls, pre-
sent other problems. The risk factor
approach is based upon studies of
precursors or statistical predictors
of subsequent clinical events; by
this definition, the normal range for
serum cholesterol concentration or
blood pressure consists of levels
that carry no additional risk of mor-
bidity or mortality. Unfortunately,
however, many of these risk factors
exhibit steady increases in risk
throughout their range of values;
indeed, it has been pointed out that
the normal serum cholesterol con-
centration, by this definition, might
lie below 150 mg/dl (3.9 mmol/I).*
Another shortcoming of this risk
factor definition becomes apparent
when we examine the consequences
of acting upon a test result that
lies beyond the normal range: Will
altering a risk factor really change
the risk? Recent experience with the

*This consequence of such definitions
helps explain the results of a randomized
trial of multitest screening at the time of
admission to hospital that found no pa-
tient benefits but increased health care
costs.'?

treatment of ‘“abnormal” serum
cholesterol levels with clofibrate (in
which mortality went up, not down,
with treatment) underscores the
danger of this assumption.™

A related approach defines nor-
mal as that which is culturally de-
sirable, providing an opportunity
for what Mencken* called “the cor-
ruption of medicine by morality”
through the “confusion of the theory
of the healthy with the theory of the
virtuous”. One sees such defini-
tions in their benign form at the
fringes of the current lifestyle move-
ment (e.g., “It is better to be slim
than fat” and “Exercise and fitness
are better than sedentary living
and lack of fitness”*®), and in their
malignant form in the health care
system of the Third Reich. Such
a definition has the potential for
considerable harm and may also
serve to subvert the role of med-
icine in society. Mencken® offered
a similarly pungent point of view
on the latter: “The true aim of
medicine is not to make men vir-
tuous; it is to safeguard and rescue
them from the consequences of their
vices.”

Two final definitions are of much
greater utility to the clinician be-
cause they focus directly on the
clinical acts of diagnosis and ther-
apy.' The diagnostic definition iden-
tifies a range of diagnostic test re-
sults beyond which a specific dis-
ease is, with known probability,
present. It is this definition that is

Table V—Properties and consequences of different definitions of ‘‘normal’’

Consequences of its

Property Term clinical application
The distribution ot diagnostic Gaussian Ought to occasionally obtain
test results has a certain shape minus values for hemoglobin
level etc. All diseases have the
same prevalence. Patients are
normal only until they are
assessed.
Lies within a preset percentile Percentile All diseases have the same
of previous diagnostic test prevalence. Patients are
results normal only until they are
assessed.
Carries no additional risk Risk factor Assumes that altering a risk
of morbidity or mortality . factor alters risk.
Socially or politically Culturally Confusion over the role of
aspired to desirable medicine in society.
Range of test results beyond Diagnostic Need to know predictive values
which a specific disease is, for your practice.
with known probability, :
present or absent
Range of test results beyond Therapeutic Need to keep up with new
:lhhich therapy does more good knowledge about therapy.
an harm
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used in the first guide to reading
about a diagnostic test: comparison
with a gold standard. The “known
probability” with which a disease
is present is our old friend the posi-
tive predictive value.

This definition is illustrated in
Fig. 2, where we see the usual over-
lap in diagnostic test results between
patients shown, by application of a
gold standard, to be disease-free or
diseased (the a, b, ¢ and d in Fig. 2
correspond to cells a, b, ¢ and d of
Tables II to IV). The known prob-
ability (or predictive value) with
which a disease is present or absent
depends on where we set the limits
for the normal range of diagnostic
test results. If we simply wanted
to maximize the number of times
the diagnostic test result was cor-
rect, we’d set the limits for normal
at the dotted line where the curves
cross, but that might not be very
helpful clinically. If we lower these
normal limits to point X, cell ¢
approaches zero, sensitivity and
negative predictive values approach
100% and we can use the normal
diagnostic test result to rule out the
disease (because nobody with the
disease has test results below X).
Similarly, if we raise the limits of
normal for the diagnostic test result
to point Y, cell b approaches zero,
specificity and positive predictive
values approach 100% and we can
use the abnormal diagnostic test
result to rule in the disease (because
no nondiseased patients have test
results above Y). Thus, this defini-
tion has clinical utility and is a
distinct improvement over the defi-
nitions described earlier. However,
it does require that clinicians keep
track of both the predictive values
of individual diagnostic tests and
the test levels at points X and Y
that apply in their own practices.

The final definition of normal
sets its limits at the point beyond
which specific treatments have been

NO. OF INDIVIDUALS

[}
RANGE OF TEST VALUES X

FIG. 2—Diagnostic and therapeutic
definitions of “normal”,

shown to do more good than harm,
and is indicated in Fig. 2 as point
Z. This therapeutic definition is
attractive because of its link to ac-
tion. The therapeutic definition of
the normal range of blood pressure,
for example, avoids the hazards of
labelling patients as diseased” un-
less they are going to be treated.
The use of this definition requires
that clinicians keep abreast of ad-
vances in therapeutics and become
adept at sorting out therapeutic
claims; a later article in this series
of Clinical Epidemiology Rounds is
devoted to this topic.

When reading a report of a new
diagnostic test, then, you should
satisfy yourself that the authors
have defined what they mean by
normal and that they have done so
in a sensible and clinically useful
fashion.

6. If the test is advocated as part
of a cluster or sequence of tests,
was its contribution to the overall
validity of the cluster or sequence
determined?

In many conditions an individual
diagnostic test examines but one of
several manifestations of the un-
derlying disorder. For example,
in diagnosing deep vein thrombosis
impedance plethysmography exam-
ines venous emptying, whereas leg
scanning . with iodine-125-labelled
fibrinogen examines the turnover of
coagulation  factors at the site of
thrombosis.” Furthermore, plethys-
mography is much more sensitive
for proximal than distal venous
thrombosis, whereas the reverse is
true for leg scanning. As a result,
these tests are best applied in se-
quence: if the plethysmogram is
positive, the diagnosis is made and
treatment begins at once; if it is
negative, leg scanning begins and
the diagnostic and treatment deci-
sions await its results.

This being so, it is clinically non-
sensical to base a judgement of the
value of leg scanning on a simple
comparison of its results alone
against the gold standard of veno-
graphy. Rather, its agreement with
venography among suitably symp-
tomatic patients with a negative im-
pedance plethysmogram is one ap-
propriate assessment of its validity
and clinical usefulness. Another

valid assessment would be the
agreement of results of the combi-
nation of leg scanning and impe-
dance plethysmography with veno-
graphy.

In summary, any single compo-
nent of a cluster of diagnostic tests
should be evaluated in the context
of its clinical use.

7. Were the tactics for carrying out
the test described in sufficient detail
to permit their exact replication?

If the authors have concluded
that you should use their diagnostic
test, they have to tell you how to
use it; this description should cover
patient issues as well as the me-
chanics of performing the test and
interpreting its results. Are there
special requirements for fluids, diet
or physical activity? What drugs
should be avoided? How painful is
the procedure and what is done to
relieve any pain? What precautions
should be taken during and after the
test? How should the specimen be
transported and stored for later
analysis? These tactics and pre-
cautions must be described if you
and your patients are to benefit
from this diagnostic test.

8. Was the ‘“‘utility” of the test de-
termined?

The ultimate criterion for a diag-
nostic test or any other clinical
maneuver is whether the patient is
better off for it. If you agree with
this point of view you should scru-
tinize the article to see whether the
authors went beyond the foregoing
issues of accuracy, precision and
the like to explore the long-term
consequences of their use of the
diagnostic test.

In addition to telling you what
happened to patients correctly clas-
sified by the diagnostic test, the
authors should describe the fate of
the patients who had false-positive
results (those with positive test
results who really did not have the
disease) and those with false-neg-
ative results (those with negative
test results who really did have the
disease). Moreover, when the execu-
tion of a test requires a delay in the
initiation of definitive therapy
(while the procedure is being re-
scheduled, the test tubes are in-
cubating or the slides are waiting
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to be read) the consequences of this
delay should be described.

For example, we are part of a
team that has studied the value
of noninvasive tests in the diagnosis
of patients with clinically suspected
deep leg vein thrombosis, and have
“tested the policy of withholding
anticoagulants from patients with a
negative impedance plethysmogram
(a quick test) until or unless the
*]-fibrinogen leg scan becomes
positive.” The scan takes several
hours to several days to become
positive when venous thrombi are
small or confined to the calf; it is
therefore important to determine
and report whether any patients
suffer clinical embolic events during
this interval (fortunately, they do
not). Moreover, comparisons of
these investigations against the gold
standard of venography have in-
cluded documentation of the con-
sequences of treating patients with
false-positive results and withhold-
ing treatment from those with false-
negative results. The resemblance of
this approach to the “therapeutic”
definition of normalcy is worth
noting. *

Use of these guides to reading

By applying the foregoing guides
you should be able to decide if a
diagnostic test will be useful in your
practice, if it won’t or if it still
hasn’t been properly evaluated. De-
pending on the context in which
you are reading about the test, one
or another of the eight guides will
be the most important one and you
can go right to it. If it has been met
in a credible way, you can go on to
the others; if the most important
guide hasn’t been met you can
discard the article right there and
go on to something else. Thus, once
again, you can improve the effi-
ciency with which you use your
scarce reading time. When trying
to pick the best test from an array
of competing diagnostic tests you
could carry out on a given patient,
these guides will help you compare
them with each other. On the basis
of this comparison you can pick

*In this regard, we think it’s a shame
that the term “diagnostic efficacy” has
crept into the literature, especially since
it is used as a synonym for accuracy
rather than utility.

the one that will best meet your
clinical requirements.

The next round will consider ar-
ticles that describe the clinical
course and prognosis of disease.

References

1. SAckeTT DL: Clinical diagnosis and
the clinical laboratory. Clin Invest
Med 1978; 1: 37-43

2. MurpHY EA: The Logic of Med-
icine, Johns Hopkins, Baltimore,
1976: 117-160

3. RaANsOHOFF DF, FEINSTEIN AR:
Problems of spectrum and bias in
evaluating the efficacy of diagnostic
tests. N Engl J Med 1978; 299: 926—
930 :

4. GALEN RS, GamsIiNOo SR: Beyond
Normality: The Predictive Value and
Efficiency of Medical Diagnoses,
Wiley, New York, 1975: 30-40

5. SKETCH MH, MoHIUDDIN SM, LYNCH
JD, Zencka AE, RuNco V: Signifi-
cant sex differences in the correla-
tion of electrocardiographic exercise
testing and coronary arteriograms.
‘Am ] Cardiol 1975; 36: 169-173

6. DiAMOND GA, FORRESTER JS: Anal-
ysis of probability as an aid in the
clinical diagnosis of coronary-artery
disease. N Engl J Med 1979; 300:
1350-1358

7. SAcKkerT DL: Bias in analytic re-
search. J Chronic Dis 1979; 32: 51—
63

8. Department and Clinical Epidemiol-
ogy and Biostatistics, McMaster Uni-
versity, Hamilton, Ont.: Clinical dis-
agreement: II. How to avoid it and
how to learn from one’s mistakes.
Can Med Assoc J 1980; 123: 613—
617

9. Idem: Clinical disagreement: 1. How
often it occurs and why. Tbid: 499—
504

10. MurpHY EA: The normal, and the
perils of the sylleptic argument. Per-
spect Biol Med 1972; 15: 566-582

11. MEeapor CK: The art and science of
nondisease. N Engl J Med 1965:
272: 92-95

12. DurBriIDGE TC, Epwarps F, Ep-
WARDS RG, ATKINSON M: An evalu-
ation of multiphasic screening on ad-
mission to hospital. Precis of a re-
port to the National Health and
Medical Research Council. Med J
Aust 1976; 1: 703-705

13. KANNEL WB, DawBER TR, GLEN-
NON WE, THORNE MC: Preliminary
report: the determinants and clinical
significance of serum cholesterol.
Mass J Med Technol 1962; 4: 11-29

14. OLIVER MF, HEADY JA, MoRRIs JN,
COOPER J: A co-operative trial in
the primary prevention of ischaemic
heart disease using clofibrate. Report
from the Committee of Principal In-
vestigators. Br Heart J 1978; 40:
1069-1118

710 CMA JOURNAL/MARCH 15, 1981/VOL. 124

15. MENCKEN HL: A Mencken Chres-
tomathy, Knopf, Westminster, 1949

16. LALONDE M: A4 New Perspective on
the Health of Canadians. A Working
Document, Department of National
Health and Welfare, Ottawa, Apr
1974: 58

17. HAYNES RB, SACKETT DL, TAYLOR
DW, GiBsoN ES, JoHNsoN AL: In-
creased absenteeism from work fol-
lowing the detection and labelling of
hypertensives. N Engl J Med 1978;
299: 741-744

18. HuLL R, HirsH J, SAcCKerTt DL,
Powers P, TurPiE AGG, WALKER
I: Combined use of leg scanning and
impedance plethysmography in sus-
pected venous thrombosis. An alter-
native to venography. N Engl J Med
1977; 296: 1497-1500

BOOKS

continued from page 697

THE HEALTHY HYPOCHONDRIAC. Rec-
ognizing, Understanding and Living with
Anxieties about our Health. Richard
Ebrlich. 211 pp. W.B. Saunders Com-
pany Canada, Ltd., Toronto, 1980. $14.75
(Can.), clothbound; $8.50 (Can.), paper-
bound. ISBN 0-7216-334-X, clothbound;
ISBN 0-7216-333-1, paperbound

THE HOSPITAL CARE OF CHILDREN. A
Review of Contemporary Issues. Geof-
frey C. Robinson and Heather F. Clarke.
270 pp. lllust. Oxford University Press,
Toronto, 1980. $25.25. ISBN 0-19-502673-
X .

THE HYPOTHALAMO-PITUITARY CON-
TROL OF THE OVARY. Volume 2. J.S.M.
Hutchinson. 215 pp. Eden Press, West-
mount, PQ, 1980. $28. ISBN 0-88831-
091-9

AN INTRODUCTION TO HUMAN BIO-
CHEMISTRY. C.A. Pasternak. 271 pp.
Hlust. Oxford University Press, Toronto,
1979. $20.50, paperbound. ISBN 0-19-
261127-5

LANGUAGE AND COMMUNICATION IN
THE ELDERLY. Clinical, Therapeutic,
and Experimental Issues. Edited by
Loraine K. Obler and Martin L. Albert.
220 pp. lllust. Lexington Books, Lexing-
ton, Massachusetts; D.C. Heath Canada
Ltd., Toronto, 1980. $25.95. ISBN 0-669-
03868-7

MANAGING HEALTH SYSTEMS IN DE-
VELOPING AREAS. Experiences from
Afghanistan. Edited by Ronald W.
O'Conner. 314 pp. lllust. Lexington
Books, Lexington, Massachusetts; D.C.
Heath Canada Ltd., Toronto, 1980.
$30.50. ISBN 0-669-03646-3

MANUAL OF CLINICAL PROBLEMS IN
ONCOLOGY WITH ANNOTATED KEY
REFERENCES. Carol S. Portlock and
Donald R. Goffinet. 323 pp. Little,
Brown and Company (Inc.), Boston,
1980. Price not stated, spiralbound.
ISBN 0-316-71424-0

continued on page 751



Clinical
Epidemiology
Rounds

Interpretation of diagnostic data:
1. How to do it with pictures

This series of Clinical Epidemiology
Rounds will focus on strategies and
tactics for interpreting diagnostic
data. Although most explanations of
how to interpret such data confine
themselves to reports from paraclini-
cal services, the same principles
apply to items of the clinical history
and findings in the physical exami-
nation (with which the vast majority
of diagnoses are confirmed). More-
over, elements of proper history-tak-
ing and physical examination regu-
larly generate more powerful tests of
diagnostic hypotheses than do the
results of laboratory testing. Thus,
although we shall repeatedly use a
laboratory test, measurement of the
serum creatine kinase (CK) level, to
illustrate the different ways of inter-
preting diagnostic data, we shall
also include several examples of
findings in the history and the physi-
cal examination to remind readers of
the wider applicability of the princi-
ples of interpreting diagnostic data.
Much has been written about the
interpretation of diagnostic tests,
and it is very easy to drown in the
associated graphs, tables, curves,
formulae and technical jargon. We
have tried to remove the unessential,
pedantic bits and synthesize the rest
into bite-sized chunks, each of which
is self-contained, is digestible at a
single sitting and has some features
that can be put to good clinical use.
Part 1, for example, is simple but
powerful, and is done entirely with
pictures, not computations and new
technical terms. The other chunks
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become progressively complex and
require learning some new terminol-
ogy and performing computations,
ultimately with a hand calculator.

In an earlier set of Rounds, one of
the sections was on reading clinical
journals to find out more about a
diagnostic test.! You may find it
useful as parallel reading, but you
should go through at least part 1 of
this series before turning to it.

Doing it with pictures
Case presentation

At the Royal Infirmary in Edin-
burgh all patients under 70 years of
age who are suspected of having had
a myocardial infarction within the
previous 48 hours are admitted to
the coronary care unit (CCU). Like
most such units, this one became
crowded shortly after it opened in
1966, and those in charge recog-
nized the need to differentiate, as
quickly as possible, between the pa-
tients who had actually had a myo-
cardial infarction and therefore
ought to stay in the unit and those
who had not and could therefore be
transferred.’

The CCU staff thought that
checking for rises in the serum CK
level might help them diagnose a
myocardial infarction sooner than
studying enzymes whose levels rise
later, such as aspartate amino-
transferase. Accordingly, they mea-
sured the serum CK level at the

time of admission to the CCU and
the next two mornings for 360 con-
secutive patients who lived long
enough to have blood samples taken.

A clinician who was “blind” to
the serum CK measurements re-
viewed the _ electrocardiograms
(ECGs), clinical records and autop-
sy reports for all 360 patients. Pa-
tients with pathologic Q waves, ST-
segment elevation and subsequent
T-wave inversions or positive find-
ings on autopsy were considered to
have “very. probable” infarcts; those
with less diagnostic ECG changes
(usually just ST-segment and T-
wave abnormalities) were considered
to have “possible” infarcts. These
two groups totalled 230 patients; the
remaining 130 patients were judged
not to have myocardial infarcts.

Comments

The highest serum CK levels for
the 230 patients who had infarcts
and the 130 patients who did not are
given in Fig. 1.* At the upper end of
the scale are maximum levels of 480
U/l or higher, recorded for 35 pa-
tients who had an infarct but none
of those who did not. At the lower
end are maximum levels of less than
40 U/, recorded for only 2 patients
who had an infarct but for 88 of
those who did not.

*Since laboratory methods vary, this distribu-
tion of serum CK levels may not apply at
your institution.

in the next five issues of the Journal.

This is the first of six articles that focus on the strategies and tactics for
interpreting diagnostic data, both the clinical data from the history and physical
examination and the paraclinical data from the clinical laboratories, the radiology
department and the surgical pathology service. The remaining articles will appear
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Conversion of numbers to pictures

Although we could proceed di-
rectly to a discussion of diagnostic
levels of serum CK, let’s convert
these sets of numbers to pictures
that will be easier to follow. First,
converting these numbers to per-
centages will make them easier to
compare. The 35 patients with an
infarct whose maximum serum CK
levels were 480 U/l or higher consti-
tuted 15% of all the patients with an
infarct, whereas the 88 patients
without an infarct whose maximum
levels were below 40 U/l constituted
67% of all the patients without an
infarct. '

Because most people find graphs
and other pictures easier to deal
with than tables of numbers, we
have gone one step further by illus-
trating the percentages in a bar
chart (Fig. 2). Now the percentages
are easier to comprehend. The
serum CK levels for the patients
with an infarct peak once between
80 and 160 U/l (forming the “possi-
ble” infarct group) and again be-
yond 480 U/l (forming the “very
probable” infarct group). On the
right side of the scale the serum CK
levels for the patients without an
infarct are clustered below 40 U/I.

Unfortunately, and like most clin-
ical data, there is a fair degree of
overlap: maximum serum CK levels

INFARCT INFARCT
PRESENT cK ABSENT
35 480
8
440
7
400
15
360
19
320
13 1
280
18 1
240
19
200
21
160
30 5
120
30 8
80
13 26
40
2 88
230 130

FIG. 1—Maximum serum creatine Kki-
nase (CK) levels (U/l) for patients with
and without myocardial infarcts.

430

of less than 40 U/] all the way up to
320 U/l were found in both patients
with and patients without infarcts.
None the less, can we take advan-
tage of the fact that only those with
infarcts had maximum levels of 320
U/l or more? Yes. We could set a
dividing or cut-off line between the
normal and abnormal serum CK
levels at 320 U/I (Fig. 3). By setting
the cut-off line at 320 U/l (labelled

y) we can be confident that every
patient (in the absence of skeletal
muscle damage from, for example,
resuscitation or intramuscular injec-
tion) who has a serum CK level of
320 U/l or higher has an infarct.
Thus, when the level is 320 U/l or
higher we can “rule in” an infarct.
Have we gained much by select-
ing a cut-off point above which only
patients with an infarct will appear?

INFARCT
PRESENT

15%
4%
3%
6%
8%
6%
8%
8%
9%

13%

13% |

6%

1%

l | J l

INFARCT
ABSENT

| 1 1 l J

20% 10% 0% 0% 10% 20% 30% 40% 50% 60% 70%

FIG. 2—Bar chart of maximum serum CK levels for patients with and without

myocardial infarcts.

INFARCT
PRESENT

RULE IN

INFARCT
ABSENT

20% 10% 0% 0% 10% 20% 30% 40% 50% 60% 70%

FIG. 3—Absolute (100 %) cut-off point (y) of maximum serum CK level for diagnosis

of myocardial infarct.
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Yes and no. On the one hand, we
can confidently diagnose a myocar-
dial infarction in at least some pa-
tients and treat them accordingly.
On the other hand, the cut-off point
captures only about one third (36%)
of the 230 patients with infarcts and
cannot distinguish the remaining
64% from all those without infarcts.
Thus, of the 360 patients admitted
to the CCU (230 with and 130
without infarcts) we have achieved a
firm diagnosis in (35 + 8 + 7 + 15
+ 19)/360 (Fig. 1), or 23%.

Another problem with this “abso-
lute” cut-off point becomes apparent
when we think about the next 360
patients admitted to the unit and the
360 admitted after them. Will they
generate an identical range of serum
CK levels? Almost, but not quite.
Subsequent groups of patients will,
on average, show the same distribu-
tion as our group. However, the
range of levels can only become
larger, never smaller, as more pa-
tients are examined. The more pa-
tients we encounter, the more likely
we are to find patients who, al-
though they have neither a myocar-
dial infarction nor skeletal muscle
damage, have higher and higher
serum CK levels. Such patients will
be rare, constituting no more than
1% or, at most, 2% of the total, but
the more patients we see, the greater
our chances will be of encountering
these ““outliers”. As a result, if we

stick with our *“‘absolute” definition
of the “rule-in” cut-off point y, we
shall be forced to move the cut-off
point to ever more extreme levels;
inevitably, this cut-off point will
help us make a diagnosis in an
ever-shrinking proportion of the pa-
tients we encounter.

Is there a way out of this dilem-
ma? Yes, if we relax our cut-off
point just a little bit. Bearing in
mind that extreme values will be
rare, what would happen if we re-
vised our cut-off point so that it
excluded 99%, rather than 100%, of
patients with or without an infarct
(Fig. 4)? The “rule-in” cut-off point
y, by allowing in the highest 1% of
patients who do not have an infarct,
lowers the cut-off point to 280 U/I
and encompasses 42% rather than
just 36% of all the patients with an
infarct. Moreover, a second cut-off
point (x) allows in the lowest 1% of
patients with an infarct and can be
used to rule out myocardial infarc-
tion when the maximum serum CK
level remains below 40 U/l. Below
this cut-off point are only 1% of the
patients with infarcts but 67% of
those without, so we have gained a
great deal. Now we can rule in or
rule out myocardial infarction in (35
+8+7+ 15+ 19 + 13 + 88)/360
(Fig. 1), or 51% of the 360 patients
at the cost of missing only two
patients with an infarct (whose max-
imum serum CK level was less than

INFARCT
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RULE IN
58%
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FIG. 4—Revised (99 %) cut-off points of maximum and minimum serum CK levels for

diagnosis of myocardial infarct.

40 U/1) and of diagnosing myocardi-
al infarction in one patient who did
not have an infarct (but had a serum
CK level of 280 U/l or higher).
Thus, these simple rule-in and rule-
out levels could handle more than
half the patients who presented with
clinically suspected myocardial in-
farction.

There is nothing sacred about
choosing a 99% cut-off point; it
could be 98%, 96% or 99.5% if you
wished. The major factor in deciding
where to set the cut-off point should
be your clinical judgement about
what is best for the patients. For
example, if the treatment for a dis-
order is innocuous, and if overdiag-
nosis does not produce shame or
anguish in patients who are falsely
labelled, you might want to relax
the rule-in cut-off point y to exclude
only 95% of patients who do not
have the target disorder. On the
other hand, if patients really suffer
from being labelled with the target
disorder (e.g., cancer, venereal dis-
ease or schizophrenia) the rule-in
cut-off point y should be set very
high so that it excludes 99% or
99.5% of those without the disorder.
Similarly, if early diagnosis and
therapy are essential for a satisfac-
tory clinical outcome, as in many
neonatal screening programs (e.g.,
for phenylketonuria and neonatal
hypothyroidism) you would want a
very low rule-out cut-off point x so
that it captures all or almost all of
the patients with the target disorder
(this is why so many babies who
have positive results of screening for
these disorders are found on further
testing to be normal; we do not want
to miss any cases).

Let us briefly consider how these
rule-in and rule-out cut-off points fit
into commonly used diagnostic
strategies.’ For example, we might
be using pattern recognition (instan-
taneous recognition that the pa-
tient’s face, skin, gait, sound or
smell conforms to an identifiable
picture or pattern of disease). In this
case we use the rule-in cut-off point
y, for we are seeking confirmation
that our “snap” diagnosis was cor-
rect. On the other hand, we might
be using the hypotheticodeductive
approach (formulation, from the
earliest clues about the patient, of a
“short list” of potential diagnoses or
actions, followed by performance of
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the clinical and paraclinical ma-
neuvers that will best reduce the
length of the list). We will proceed
most efficiently by paying attention
to the rule-out cut-off point x, for
this will help us eliminate hypothe-
ses from our list and concentrate on
the most likely diagnoses.

Summary

® Pick symptoms, signs or tests
with which the overlap between pa-
tients who do and do not have the
target disorder will be as small as
possible. If you do not know which
symptoms, signs or tests these are,
ask clinicians, radiologists or labora-
tory workers who are expert in the
relevant subspecialty.

® See if you can find pictures
like Figs. 3 and 4; if not, you should
be able to construct them from raw
data such as those in Fig. 1 (just
follow the steps we carried out in
generating the later figures). The
patient groups from which the pic-
tures are generated should not just
be persons with “classic cases” on
the one hand and robust, young
medical students on the other; most

of us can tell the difference between
these groups without any diagnostic
tests. The patient groups should be
those in whom the target disorder is
a legitimate entry in the. list of
hypotheses. For more on this key
issue, check our earlier Rounds on
how to read clinical journals.'

® Decide whether you want to
set strict (99%) or loose (95%) cut-
off points for your rule-in and rule-
out levels.

® Add the cut-off points to the
pictures and identify the diagnostic
test results that correspond to the
rule-in (y) and rule-out (x) cut-off
points.

® For fun and continuing educa-
tion, add to the clinical “track-
record” log we described in an earli-
er paper, on avoiding clinical dis-
agreement and learning from one’s
mistakes.* Enter the rule-in and
rule-out cut-off points as you gener-
ate them, and then keep track of
how they work for you. Do your
rule-in cut-off points agree with
your diagnoses when they are
achieved by pattern recognition?
For what proportion of patients in
whom you suspect a target disorder

can these cut-off points help in mak-
ing a decisive diagnosis?

Straightforward though it may
be, you cannot help but have noticed
that “doing it with pictures” leaves
a large number of patients in the
middle, with too much of a symp-
tom, sign or laboratory result to rule
out the target disorder but not
enough of it to rule it in. Our next
paper will show you how to diagnose
a disorder in all the patients by
means of a simple table.
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Working hypotheses
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organisations of them into higher knowledge; we require generalisations
and working hypotheses.

—Hughlings Jackson (1835-1911)
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Clinical
Epidemiology
Rounds

Interpretation of diagnostic data:
2. How to do it with
a simple table (part A)

In part 1 of our series on interpret-
ing diagnostic data we showed how
you can “do it with pictures”. In
parts 2 and 3 you can learn how to
do it with a simple two-by-two, or
fourfold, table. To ease the transi-
tion, we will use the same sample of
patients as in part 1.

Doing it with a simple table
Case presentation

In 360 patients consecutively ad-
mitted to a coronary care unit
(CCU) blood was drawn for mea-
surement of the serum creatine ki-
nase (CK) level at the time of

Reprint requests to: Dr. R.B. Haynes, Rm.
3V43D, McMaster University Health
Sciences Centre, 1200 Main St. W,
Hamilton, Ont. L8N 3Z5
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FIG. 1—Maximum serum creatine Kin-
ase (CK) levels (U/l) in patients with
and without myocardial infarcts.

DEPARTMENT OF CLINICAL EPIDEMIOLOGY AND
BIOSTATISTICS, MCMASTER UNIVERSITY, HAMILTON, ONT.

admission and the next two morn-
ings." A clinician who was “blind” to
the measurements reviewed the pa-
tients’ electrocardiograms (ECGs),
clinical records and autopsy reports,
and decided that 230 had had a
myocardial infarct and 130 had not.

bers are converted to percentages.

Conversion of numbers to a simple
table

In Fig. 3 we have swung the 230
patients with myocardial infarcts

over to the same side as the 130
patients without myocardial in-
farcts. Note that the two lines cross

Comment

Fig. 1 shows the maximum serum
CK levels* for the 230 patients who
did have an infarct and the 130 pa-
tients who did not; in Fig. 2 the num-

*Since laboratory methods differ, this distri-
bution of serum levels may not apply at your
institution.

This is the second of six articles (the first appeared in the Sept. 1, 1983 issue of
CMAJ on pages 429 to 432) that focus on the strategies and tactics for
interpreting diagnostic data, both the clinical data from the history and physical
examination and the paraclinical data from the clinical laboratories, the radiology
department and the surgical pathology service. The remaining articles will appear
in the next four issues of the Journal.
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INFARCT
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l | J | | | | | 1 | ]
20% 10% 0% 0% 10% 20% 30% 40% 50% 60% 70%
FIG. 2—Maximum serum CK levels in patients with and without myocardial infarcts.
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at 80 U/l. By selecting this value as
the cut-off point, we can then move
the patients with infarcts back
where they were (Fig. 4). By placing
the cut-off point at 80 U/l, above
which the CK test result is decreed
positive and below which it is de-
creed negative, we have created four
groups of patients:

a: those with infarcts whose test
results were positive.

b: those without infarcts whose
test results were positive.

c: those with infarcts whose test
results were negative.

d: those without infarcts whose
test results were negative.

The CK test correctly classified
the patients in groups a and d.
Group a’s positive test results were
telling the truth and are therefore
called “true positives”. Group d’s
negative test results were also telling
the truth and are therefore called
“true negatives”. However, the test
results were false for the patients in
groups b and c. Group b’s test
results were positive, but the pa-
tients did not have infarcts; thus,
these results are called “false posi-
tives”. Group c’s test results were
negative, but the patients had in-
farcts; accordingly, these results are
called “false negatives”.

These relationships can be shown
in a simple two-by-two, or fourfold,
table (Table I). Table I corresponds
exactly to Fig. 4: patients with in-
farcts are on the left, and those
without infarcts are on the right.
The upper half of the table shows
the positive CK test results and the
lower half the negative results. The
four inner squares, called “cells”,
are labelled a, b, c and d to corre-
spond with the four groups of pa-
tients.*

Once you are comfortable about

the table you can put numbers in it.
Add the 80-U/I cut-off point to Fig.
1 and then place the numbers in the
appropriate cells in the table (Table
II). Among the patients who did
have infarcts, those whose serum

*While we will follow this layout throughout
our series of rounds, you will come across
articles in which the locations of affected and
unaffected patients are switched or the whole
table is rotated 90° and so forth. It is
therefore important to check out how such
tables are oriented and arranged before you
try to interpret them. In fact, you may find it
easier to redraw tables that have an unfamil- -
iar format. ’
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CK levels were above the cut-off
point (true positives) belong in cell
a, and those whose levels were below
the cut-off point (false negatives)
belong in cell c. On the other side,

AN

+
480
440
400
360|
320
280
240
200

among the patients who did not have
infarcts, those whose levels were
above the cut-off point (false posi-
tives) belong in cell b, .and those
whose levels were below the cut-off
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FIG. 3—Intersection of serum CK levels for patients with (solid lines) and without
(dotted lines) myocardial infarcts.
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FIG. 4—Use of serum CK level of 80 U/I as cut-off point in diagnosis of myocardial
infarction.
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point (true negatives) belong in cell
d. Thus, we have 215 true positives
in cell a, 16 false positives in cell b,
15 false negatives in cell ¢ and 114
true negatives in cell d.

Table I—Conversion of Fig. 4 to a simple
table

Serum Myocardial infarct
creatine kinase
(CK) test result Present Absent
Positive True False
(level > 80 U/1) positives | positives
alb
cld
Negative False True
(level < 80 U/)) negatives | negatives

Table II—Filling in the simple table

Myocardial infarct
Serum CK
test result Present Absent
35
8
. 7
15
19
oo 13 1
Positive 18 1
19 1
21
30 5
30 8
215 16
alb
c|d
13 26
Negative i 88
15 114
a+c|{b+d
230 130

Having filled the table, we can
now do some simple maths and
generate some clinically useful in-
dexes of the value of measuring
serum CK levels in patients suspect-
ed of having a myocardial infarct.
Table I1I shows:

® (a + c): the total number of
patients with infarcts, regardless of
the CK test results (230).

® (b + d): the total number of

patients who do not have infarcts,

regardless of the test results (130).

® (a + b): the total number of
patients with positive test results,
regardless of whether they have in-
farcts (231).

® (¢ + d): the total number of
patients with negative test results,
regardless of whether they have in-
farcts (129).

What have we gained by convert-
ing our attractive pictures into this
squat table? It is now possible to
elucidate two very important in-
sights about signs, symptoms and
laboratory tests. First, we can now
describe, in a very concise, economi-
cal and easily remembered way, how
“good” these data are at helping us
decide whether patients have the
target disorder. Second, we can now
recognize a crucial fickleness of di-
agnostic data that, unless we under-
stand it, causes a waste of time,
money and diagnostic effort.

Let’s start with the concise des-
cription of how good the CK test
(or any diagnostic test) really is. To
help us remember the various mea-
sures of how good a test is and how
to communicate these measures to
each other, a set of technical terms
has been developed to designate
each measure; we shall introduce the
terms along the way.

The positive and negative results
of the diagnostic test are in the

Table III—Preparing to determine the clinical usefulness of the CK test

Myocardial infarct

Serum CK
test result Present Absent
Positive 215 16 231

alb a+b

c|d c+d
Negative 15 114 129

a+c|b+d
230 130
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upper and lower horizontal rows,
respectively, of Table III. The verti-
cal columns represent what the pa-
tients really had, according to all
the other information we have about
them, including autopsy findings.
Because this information is “hard-
er”, or more certain, than the result
of CK testing, we often refer to the
vertical columns as representing the
“gold standard”. Thus, the gold
standard of serial ECGs, clinical
course and autopsy results tells us
whether the patients really did or
did not have infarcts.

How good is the CK test among
patients with infarcts? Well, of the
230 patients who had infarcts, the
214 in cell a had positive test results;
214/230, or a/(a +¢), is 0.93, or 93%.
Thus, the CK test correctly identi-
fied. 93% of the patients with in-
farcts; the shorthand term for this
property is sensitivity.* Although in
this series we use the term sensitivi-
ty to indicate “positivity in disease”
(PiD), or the proportion of patients
with the target disorder who have a
positive test result, it has other
scientific meanings.f You might
also be more comfortable using
other terms to denote a/(a + ¢) —
for example, the PiD rate (with
apologies to the gonococcus and the
sciatic nerve). Another term is the
true-positive rate, or TP rate, which
is based on cell a. This term is often
used in more advanced discussions
of diagnosis (as in part 4 of our
series), but it does not indicate
clearly the denominator for the rate,
which should be (a + ¢) (true posi-
tives plus false negatives). You can
pick any of these three terms —
sensitivity, PiD rate and TP rate —
and relabel subsequent tables and
discussions to suit yourself.

Now, what about the complemen-
tary ability to correctly identify the
absence of the target disorder? Look
again at Table III. Among the 130
patients who did not have infarcts,
the 114 patients in cell d had nega-
tive test results; 114/130, or d/(b +
d), is 0.88, or 88%. Thus, the CK

*The terms “sensitivity” and “specificity”
were introduced by Yerushalmy? in 1947 to
describe the accuracy of chest x-ray films.

+Another meaning of sensitivity with which
you are probably more familiar is the ability
of an analytic method to detect minute
amounts of a target substance.
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test correctly identified 88% of the
patients who did not have infarcts;
the shorthand term for this property
is specificity. Again, although speci-
ficity is the most commonly used
term for this property, it too has
another scientific meaning.* You
might also want to use other terms
for d/(b + d) — for example, the
NiH rate (with apologies to the
National Institutes of Health, Be-
thesda, Maryland), which is an acro-
nym for ‘‘negativity in health”.
However, the H is not always cor-
rect since, although it refers to pa-
tients who do not have the target
disorder, such patients are not nec-
essarily healthy. Another term is the
true-negative rate, or TN rate,
which is based on cell d. It is the
counterpart of the TP rate and has
similar advantages and disadvan-
tages. As with sensitivity, pick the
term you find most sensible for d/(b

*Another meaning of specificity is the ability
of an analytic method to detect a single
target substance and no others.

+ d) and use it, remembering that
specificity = NiH rate = TN rate =
d/(b + d).

So, the CK test has a sensitivity
of 93% and a specificity of 88%. Is
this good or bad? How does the CK
test compare with other diagnostic
data? To find out, we have summa-
rized the sensitivities and specifici-
ties of a variety of symptoms, signs
and laboratory tests from other stu-
dies'** in Table IV.

Table IV contains many lessons
for us. In amniotic fluid acetyl-
cholinesterase testing for the pres-
ence of neural tube defects’ the cut-
off point is set to miss as few cases
of the target disorders (spina bifida
and anencephaly) as possible. Inevi-
tably, when you set the sensitivity

-higher, the specificity falls (Fig. 4).

The four diagnostic tests for pros-
tate cancer’ underscore another les-
son. Not only should we think of the
physical signs of a target disorder as
diagnostic tests for it, but these
signs may, in fact, outperform labo-

ratory tests for the same condition.
Finally, the study of deep-vein
thrombosis® reminds us that we may
want to use combinations of tests in
making diagnostic decisions. Pairs
or groups of diagnostic tests can be
combined in different ways, as we
will show later.

But all this talk about sensitivity
and specificity solves the wrong
problem. When we use diagnostic
tests clinically, we do not know who
actually had and did not have the
target disorder; if we did, we obvi-
ously wouldn’t need the diagnostic
test. Our clinical concern is not a
vertical one of sensitivity and speci-
ficity, but a horizontal one of the
meaning of positive and negative
test results. Therefore, let’s go back
to Table III. The top row shows 231
patients with positive test results. Of
these, the 215 in cell a did, indeed,
have infarcts. Accordingly, a/(a +
b) (or 93%) of the patients with
positive CK test results had infarcts.
The shorthand name for this propor-

Table IV—Sensitivities and specificities of some diagnostic data and tests '
Diagnostic data Target disorder
Reference Study group and tests (and gold standard*) Sensitivity (%) Specificity (%)
11 Patients admitted to Serum CK level (> 80 Myocardial infarction 93 88
coronary care unit u/l) (electrocardiograms,
clinical course and
autopsy)
3 Women with positive Amniotic fluid Neural tube defects 99.5 66
results of a-fetoprotein acetylcholinesterase (direct examination)
tests electrophoresis
4 Men with symptoms of Acid phosphatase assay Prostate cancer 56 94
urinary obstruction Prostatic secretion (transrectal biopsy) 98
cytology 29 91
Aspiration cytology 55
Rectal exam for
induration or nodules 69 89
5 Patients with symptoms One or both of Deep-vein thrombosis 90 95
suggesting deep-vein impedance (venography)
thrombosis plethysmography and
125-iodine fibrinogen
leg scanning
6 Patients referred for an History of ulcer, over Ulcer, hiatus hernia, 95 30
upper gastrointestinal age 50, pain relieved by abnormal motility or
tract radiologic series food or milk, or pain other important finding
shortly after eating (roentgenography)
7 Patients with unstable History of crescendo Stenosis of 50% or more 83 88
angina referred for angina (as opposed to of left mainstem
coronary angiography angina of recent onset) coronary artery
) (coronary angiography)
8 Patients and volunteers Absence of spontaneous Increased intracranial 100 88
pulsation of the retinal pressure (lumbar
vein puncture, surgery or
diagnostic imaging)
9 Patients suspected of Ultrasonography Pancreatic cancer or 65 82
having pancreatic Computerized other pancreatic
disease tomographic scanning disease (surgery or 90 82
' autopsy)
*Diagnostic tests to determine presence or absence of disorder.
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tion of patients with positive test
results who have the target disorder
is the positive predictive value.
Other terms include predictive value
of a positive test, post-test likeli-
hood of disease following a positive
test (which we’ll encounter in part
5) and posterior probability of dis-
ease following a positive test (also

in part 5).

The second row of Table III
shows 129 patients with negative
test results. Of these, the 114 in cell
d did not have infarcts. Thus, d/(c +
d) (or 88%) of the patients with
negative CK test results did not have
infarcts. The shorthand name for
this proportion of patients with neg-
ative test results who do not have
the target disorder is the negative
predictive value. The other terms
are analogous to the ones for posi-

tive predictive value:

predictive

value of a negative test, post-test
likelihood of no disease following a
negative test and posterior probabil-
ity of nodisease following a nega-
tive test.* We have updated Table
III to include all these terms (Table
V), which makes it look much more
useful clinically.¥

*You might want to use the complement of
the last two terms, the post-test likelihood or
the posterior probability of disease following
a negative test. In other words, ¢/(c + d), or
15/129 (12%); note that the 12% and the 88%

total 100%.

Over 90% of the patients with CK
test results of 80 U/l or more had
infarcts, and almost 90% of the
patients with results of less than 80
U/l did not have infarcts. Right?
Not quite. This is where we gain the
second very important insight about
diagnostic data: their crucial fickle-
ness.

The predictive values of diagnos-
tic signs, symptoms and laboratory
tests are not constant, since they
must change with the proportion of
patients who actually have the tar-
get disorder among those who un-
dergo the diagnostic tests. Table V
shows 360 patients consecutively ad-
mitted to a CCU who were suspect-
ed of having a myocardial infarc-
tion. Of these, 230 (a + ¢) — that
is, (a + ¢c)/(a+ b+ ¢+ d), or
230/360 (64%) — did have myocar-
dial infarcts. This proportion is also
called prevalence, pre-test likeli-
hood of disease or prior probability
of disease. We'll use the term preva-
lence for now; the other terms ap-
pear in part 5.

Now, suppose that a group of
clinicians at another hospital with-

tIncidentally, that the sensitivity and positive
predictive values and specificity and negative
predictive values are identical (93% and 88%
respectively) is happenstance and is due to
the fact that cells b and ¢ are almost equal.
This is rarely the case, so you should not
draw any generalizations from it.

Table V—Sensitivity, specificity and predictive values of the CK test in patients with and
without myocardial infarcts admitted to a coronary care unit

Myocardial infarct
Serum CK
test result Present Absent
Positive predictive value
1 Positive 215 16 231 (predictive value of a positive test or
post-test likelihood or posterior
probability of disease)
__a__215
b at+b 231 93%
c|d : Negative predictive value
Negative 15 114 129 (predictive value of a negative test or
post-test likelihood or posterior
' probability of no disease)
-4 _14
c+d 129 88%
230 130 360 Prevalence (pretest likelihood or
Sensitivity |Speciﬁcity *  prior probability) of disease
I(l’iD or TP rate) I(NiH or TN rate) | _ a+c 230 _ 64%
__a _215 ,_ d _114 ~at+b+c+d 360
| atc 230 | b+d 130
I —93% | =188% :
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out a CCU were so impressed with
the performance of the serum CK
test in Edinburgh that they decided
to use it routinely for all the patients
(except those with skeletal muscle
trauma) admitted to their hospital
in whom myocardial infarction was
even remotely suspected. Of course,
we would expect the prevalence of
myocardial infarction to be far
lower among general admissions
than among CCU admissions; in-
deed, the proportion might be 10%
rather than 64%.

Would this really matter? Well, if
the serum CK levels of patients with
and without myocardial infarcts on
general wards were the same as
those of our patients in the CCU
(that is, if the 80-U/I cut-off point
produced a sensitivity of 93% and a
specificity of 88%), the use of the
test among the former group of
patients would produce disappoint-
ing results (Table VI). The predic-
tive values have changed dramati-
cally, and now the majority of pa-
tients with positive test results did
not have infarcts. The explanation is
straightforward, though perhaps not
immediately obvious, and can be
grasped by comparing the entries in
cell b of - Tables V and VI. Although |
the test’s specificity is the same
(88%) in each table, the number of
patients without infarcts rose from
130 in Table V to 2070 in Table VI.
Because 12% of these patients wind
up in cell b (since 88% of them go to
cell d), the number in cell b rose
from 16 in Table V to 248 in Table
VI, thereby exceeding the 215 in cell
a of both tables.f

Although the decrease in the posi-
tive predictive value is the most

$The foregoing assumes there is no change in
the sensitivity and specificity of the diagnos-
tic test when the prevalence changes. Al-
though convincing data are lacking, the sensi-
tivity could decrease with changes in the
prevalence if, for example, the infarcts among
patients on general wards were less severe as
well as less common. The specificity could
decrease also if, for example, more patierits
without infarcts on general wards had acci-
dentally been given intramuscular injections,
which can produce false-positive CK test
results. If the sensitivity fell, cell a would
become smaller and cell ¢ larger, and both
predictive values, would decrease further.
Similarly, if the specificity fell, cell b would
become larger and cell d smaller, and again
both predictive values would decrease. There-
fore, when the prevalence falls, the sensitivity
and specificity may change, but the predictive
value must change.
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dramatic effect of a decrease in
prevalence, you may have noted a
concomitant increase in the negative
predictive value, from 88% in Table
V to 99% in Table VI. The explana-
tion for this change is analogous to
that for the fall in the positive
predictive value, and can be seen by
comparing cell d in the two tables.

Is this fickleness a generalizable
phenomenon? Unfortunately, it is.
As the prevalence falls, so too must
the positive predictive value, and the
negative predictive value rises. Even
an excellent symptom, sign or labo-
ratory test with a sensitivity and a
specificity of 95% will lose positive
predictive value and gain negative
predictive value as prevalence falls
(Table VII). The table suggests that
as prevalence falls you learn much
more from the absence rather than
the presence of a sign or symptom or
from a negative rather than a posi-
tive test result. This is partly true
and fits very nicely into the hypo-
theticodeductive approach to diag-
nosis because it helps us shorten our
list of hypotheses by demonstrating
that some of them are wildly im-
probable and therefore ought to be

dropped. But if this is so, why did
we say that it is only partly true that
we learn more from negative than
positive diagnostic data when the
prevalence of the condition is low?
Look at the bottom row of Table
VII. It is the complement of the row
above it and gives the probability
that a patient has the disease despite
a negative test result (thus, the
column entries in the bottom two
rows always add up to 100%). Now,
compare the entries in the bottom
row with those in the top row. In the
middle of the table they are very far
apart. For example, when the likeli-
hood of disease is 50% before test-
ing, the absence of an excellent sign
or symptom or a negative test result
drops it by 45%, to a. post-test
likelihood of disease of only 5%;
hence, a formerly quite plausible
diagnostic hypothesis should now be
rejected. However, the drop from
pretest to post-test likelihood be-
cause of a negative test result be-
comes progressively smaller as we
move toward either extreme of the
pretest likelihood. Thus, when a di-
agnostic hypothesis is extremely un-
likely, say the pretest likelihood is

Table VI—Sensitivity, specificity and predictive values of the CK test in patients with and
without myocardial infarcts on general wards
Myocardial infarct
Serum CK
test result Present Absent
Positive 215 248 463 Positive predictive value
a 215
b atb 463 _ 6%
c|d
Negative 15 1822 1837 Negative predictive value
d 1822
| cva 183 P
230 2070 [2300 Prevalence
ISens‘itivity ISpecific:ity _ atc _ 230 10%
—_a__215 _ d 182 ~atb+c+d 2300
| ate 230 | b+d 2070I ¢
I =93% | = 88% I
1 l l

5%, the absence of the key sign or
symptom or a negative test result
produces a drop of only 4.7%, to a
post-test likelihood of 0.3%, and-you
have learned very little.

What if the sign, symptom or
laboratory study is not an excellent
test? What if it is a more typical
diagnostic test, whose sensitivity is
85% and whose specificity is 90%?
You can calculate the answer for
yourself and confirm (we hope) that
the change (rise or drop) from pre-
test to post-test likelihood of disease
is muted (hence you learn less) as
the sensitivity or specificity or both
decrease.

You will, on average, learn the
most from a clinical sign, symptom
or laboratory test when the pretest
likelihood of disease is 40% to 60%.
At this level, the presence of the
clinical finding or a positive test
result virtually clinches the diagno-
sis, and the negative test results
effectively eliminate the target dis-
order from your list of hypotheses.
In other words, a sign, symptom or
laboratory test is of greatest benefit
when you are in a 50-50 dilemma
and cannot decide whether the pa-
tient has the target disorder. Thus,
our tables and formulas converge
with common sense.

How do you get a prevalence
(pretest likelihood) of 40% to 60%?
This achievement, long obscured as
part of the “art of medicine”, will be
exposed for the science that it really
is in part 3 of our series.
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DIARRHEA... RECURRENT
ABDOMINALPAIN..

Frequent complaints heard
in the doctor’s office

Disaccharide malabsorption must be a major consideration
in the differential diagnosis. The disaccharide, lactose, is
normally digested by the enzyme, lactase, in the healthy small
intestine. Inadequate endogenous lactase results in a gastric
response to milk. Lactase deficiency has been demonstrated
in a number of disorders and can be transient or permanent.
It can be of genetic origin and is frequently encountered

in older persons.

Prior to LactAid if your patient demonstrated a lactase
deficiency you had only two alternatives:

a) Remove milk from the diet

b) Prescribe a canned non-lactose milk analog

Now you have a third alternative: Keep the patient on regular
milk—treated with LactAid lactase enzyme. The patient
adds LactAid to milk to convert the lactose into its digestible
sugars. The level of conversion is easily controlled by the
amount of LactAid used, essentially 100% lactose removal

is attained if desired. LactAid lactase enzyme is sold in drug
and specialty food stores.

LactAid easily and economically modifies fresh, canned or
reconstituted milk. LactAid will in fact successfully modify
almost any fluid dairy product, including infant formulas
and tube feedings.

LactAid is a yeast-derived Beta-galactosidase in a carrier
of glycerol and water. Please request sample, literature and
patient information/order pad.

Jan Distributing PAAB
P.O. Box 623, Thornhill, Ontario L3T 4A5 CCPP
416/886-2489
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Clinical
Epidemiology
Rounds

Interpretation of diagnostic data:
3. How to do it with
a simple table (part B)

Part 3 of our series on interpreting
diagnostic data is a continuation of
part 2, in which we showed you how
to do it with a simple two-by-two, or
fourfold, table. At the close of part 2
we discovered that a diagnostic sign,
symptom or laboratory test is most
helpful when the patient’s pretest
likelihood (prevalence or prior prob-
ability) of the target disorder is 40%
to 60%.

But how do you get the pretest
likelihood to 40% to 60%? Doing so
is difficult to articulate and even
tougher to teach or to study. Ac-
cordingly, it often is lumped with
other clinical mysteries and referred
to as the “art of medicine”. Thus,
when asked why they asked the key
question of the patient, sought the
pathognomonic physical sign or or-
dered the definitive laboratory test,
seasoned diagnosticians often either
shrug their shoulders, chuckle or
mumble about Osler, “Irish hunch-
es”, Willie Sutton or “clinical judge-
ment”.

We are now beginning to demysti-
fy these and other elements of “the
science of the art of medicine”. We
now recognize that these diagnosti-
cians have elicited, without us (and
sometimes them) noticing it, specific
points in the patient’s history and
the results of the physical examina-
tion that, when present or positive,
signify a prevalence of the target
disorder of 40% to 60%. We will
illustrate this with a common prob-
lem in primary care and internal
medicine: making a diagnosis in the

Reprint requests to: Dr. R.B. Haynes, Rm.
3V43D, McMaster University Health
Sciences Centre, 1200 Main St. W,
Hamilton, Ont. L8N 3Z5

DEPARTMENT OF CLINICAL EPIDEMIOLOGY AND
BIOSTATISTICS, MCMASTER UNIVERSITY, HAMILTON, ONT.

ambulatory patient with episodic
chest pain.

Doing it with a simple table
Case presentations

Patient A is a 55-year-old mildly
hypertensive man with a 4-week
history of substernal pressure and
pain that radiate to his neck and
lower jaw and down the inner aspect
of his left arm. The problem is
precipitated by climbing stairs or
walking uphill, and it disappears
after 3 to 5 minutes of rest. He has
a mild episode of pain while undres-
sing for his examination, and as it is
abating you think you hear an S4
gallop. You decide he has classic
angina of effort and consider order-
ing an exercise electrocardiogram
(ECG) to nail down the diagnosis.

Patient B is a 35-year-old man
who is otherwise healthy and has no
coronary risk factors. He has had
“heartburn” for years and now re-
ports a 6-week history of nonexer-
tional, squeezing pain deep to his
lower sternum and epigastrium, usu-
ally radiating through to his back. It
usually occurs when he lies down
after a heavy meal. The remainder
of his history and the physical exam-
ination yield no abnormalities. You
think that his pain is from esopha-
geal spasm but judge that an exer-
cise ECG will resolve the uncertain-

ty.

Patient C is a 45-year-old, previ-
ously healthy man with no coronary
risk factors save a pack-a-day ciga-
rette habit. He reports a 3-week
history of precordial and substernal
pain that is usually fleeting and
stabbing but occasionally feels as if
a heavy weight were on his chest; it
is inconsistently related to exertion.
You find that one costochondral
junction is slightly tender, but press-
ing on it does not reproduce the
patient’s pain. You conclude that he
may have atypical angina and won-
der if an exercise ECG would help
confirm the diagnosis.

Comment

The list of hypotheses for such
patients usually includes coronary
artery disease, and we often consider
ordering an exercise ECG. A posi-
tive exercise test result will suggest
severe coronary artery disease (for
which you may want to proceed to
coronary angiography and an aor-
tocoronary bypass), and a negative
exercise test result will reassure you
and the patient and direct your
diagnostic effort elsewhere.

Or will it? Table I summarizes
the sensitivity and specificity of the
exercise ECG in patients with and
without coronary artery disease, as
documented by Bartel and col-
leagues.! These patients had various
chest pain syndromes and underwent

This is the third of six articles (the first two appeared in the Sept. 1 and 15, 1983
issues of the Journal) that focus on the strategies and tactics for interpreting
diagnostic data, both the clinical data from the history and physical examination
and the paraclinical data from the clinical laboratories, the radiology department
and the surgical pathology service. The remaining articles will appear in the next

three issues of the Journal.
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both exercise electrocardiography
and coronary angiography. If we
use the latter as the “gold stan-
dard”, the exercise ECG had a sen-
sitivity "of 60% and a specificity of
91% when 1 mm of ST-segment
depression was selected as the cut-
off point.

Importance of pretest likelihood
of disease

Now let’s consider the three am-
bulatory patients with episodic chest
pain for whom you are considering
ordering an exercise ECG. What is
your estimate of the pretest likeli-
hood of significant coronary artery
narrowing in each patient? (Jot it
down in the margin or on a slip of
paper.) Although we have very few
details about these patients, we do
know a fair bit about their pretest
likelihood of disease. On the basis of
only their age, sex and type of pain,
we can be quite exact about the
probability that each of them has
clinically important coronary artery
disease. For patient A the pretest
likelihood is very high (about 90%),
for patient B it is very low (about
5%), and for patient C it is interme-
diate (about 50%). These pretest
rates were carefully documented by
Diamond and Forrester,2 who stud-
ied the results of coronary angiogra-
phy or autopsy in thousands of pa-
tients with and without various chest
pain syndromes. However, their ex-
haustive study only verifies what
experienced clinicians do “natural-
ly”: most, on the basis of just the
“soft” information supplied in our
case presentations, obtain estimates
of pretest likelihood that are very
close to the “official” ones we have
cited. How close were yours?

Given these estimates and the
sensitivity and specificity of the ex-
ercise ECG, how useful will the
exercise ECG be in our three pa-
tients? (Again, stop reading and jot
down your estimates.) We think it
would be diagnostically useless in
patients A and B and therefore
should not be done. In patient C,
however, it will be extremely valu-
able. The reasons for our judge-
ments, if not already obvious, should
be clear from Table II. It shows that
patients A’s pretest likelihood of
90% is influenced very little by the

result of exercise electrocardiogra-
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phy. We knew before the test that
he almost certainly had significant
coronary artery disease. Even if the
result is negative, the likelihood that
he has significant coronary artery
disease is still 80%.* Therefore, he
does not need an exercise ECG.
Indeed, the important clinical deci-
sion for this patient is whether we
should proceed directly to coronary
angiography (depending on our
judgement of the ultimate risks and
benefits of finding out whether he is
a suitable candidate for one or more
bypass grafts). .

Patient B does not need an exer-
cise ECG either. We already esti-
mated his pretest likelihood to be
only 5%, and neither a positive nor a
negative result of exercise electro-
cardiography will alter that likeli-
hood in an important way. Even if
the result is positive, the odds are .
still three to one against his having
significant coronary artery disease.
This is confirmed in Table II.

It may seem quite cavalier (espe-
cially to those of you still in subspe-
cialty training) for us to spurn the
exercise ECG for patient B. After
all, he did have chest pain of a sort,
and for every 1000 patients like him

*Because the post-test likelihood of no dis-
ease in the presence of a negative result of a
diagnostic test (negative predictive value) is
d/(c + d), we subtract the result from 100%
to get the post-test likelihood that the patient
does have the disease despite a negative test
result. We could get the same result by
calculating c/(c + d).

we will miss 30 who do have signifi-
cant coronary artery disease and
whose exercise ECG results will be
positive (cell a of patient B’s panel
in Table II). Have we not done these
30 patients a disservice by forgoing
further testing, especially since exer-
cise electrocardiography is so safe?
The answer lies in weighing the
potential good we do the 30 patients
who really have significant coronary
artery disease and will have positive
exercise ECG results against the
potential harm we do the two other
groups: first, the 20 people in cell ¢
who will be given false-negative
clean bills of health (they have coro-
nary artery disease but negative ex-
ercise ECG results), and, second,
the 86 patients in cell b who will be
given false-positive, scary labels of
severe coronary artery disease when
they do not have it. As you probably
know, being told you have a disease
when you do not is frequently as
disabling as actually having it’ and
is almost always more disabling
than not knowing you have it when
you do. In our judgement, the harm
we do the 86 patients in cell b and
the 20 in cell ¢ outweighs the good
we do the 30 in cell a. We will
return to this case in part 6 of our
series.

Patient C can really benefit (at
least diagnostically) from undergo-
ing exercise electrocardiography.
We estimated his pretest likelihood
to be 50%. If the exercise ECG
result is positive, the likelihood rises

Table I—Sensitivity and specificity of the exercise electrocardiogram (ECG) in patients with
and without coronary artery disease*
Coronary artery disease
Exercise
ECG result Present Absent
Positive
(ST-segment depression 137 11 148
2 1 mm) alb a+b
Negative ¢ d ctd
(ST-segment depression 90 112 202
< 1 mm)
atc|{b+d
227 123 350
| Sensitivity | Specificity |
l__a _ 137 1_ _d _ 1121
I ~a+e¢ 227 | b+d 123 |
| -e% | —ew |
*Adapted from reference 1.
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37%, from 50% to 87%, and we have
established his diagnosis. On the
other hand, if the result is negative,
the likelihood of significant coronary
artery disease drops 19%, from 50%
to 31%, and we had better consider
looking elsewhere for an explanation
for his pain.

Our finding of a post-test likeli-
hood of 31% should raise two ques-
tions: first, at what post-test likeli-

hood should we stop the diagnostic
process (i.e., how low does it have to
be to reject the diagnosis and how
high to accept it?), and, second, do
we really have to quantitate our
diagnostic uncertainty this way?

To answer the first question we
should consider the courses of action
open to us when patient C’s exercise
ECG result is negative and the post-
test likelihood is thus 31%. We have

four courses of action, as follows:

® We could increase our own
sophistication in interpreting the di-
agnostic data and see whether pa-
tient C’s exercise ECG result can be
interpreted as more than just “nega-
tive”. For example, we have been
assessing the value of the exercise
ECG by noting whether the ST-seg-
ment depression was more or less
than the 1-mm cut-off point. How-

Table II—Usefulness of the exercise ECG in three patients
Patient A
I
Coronary artery disease | Change from
Exercise | pretest
ECG result Present Absent Post-test likelihood | likelihood
- _ Y Y Y Vv -V V= = == = - = - T T T T T T
a 540
. = 222 |
Positive 540 _ 9 549 ath 549 98 % | +8%
_________________ e ]
c|d |
. I 91 I _
Negative 360 91 451 100 % pa 100 % 51 80% | 10%
————————————————— j—— —— ———
900 | 100 | 1000 Pretest likelihood |
: a_ _ 540 _d _ 9 ate 900 _ .. |
| atc 900 | b+d 100 | atb+c+d 1000 ? |
| = 60% | = 91% | |
I 1 1 1
Patient B
T
Coronary artery disease | Change from
Exercise | pretest
ECG result Present Absent Post-test likelihood | likelihood
_________________ ———————
Positive 30 86 116 a : ol % = 26% I +21%
|
ajlby, ¢+ ]
cld |
. d 864 |
Negative 20 864 884 100% — T d 100 % 884 2% | -3%
_________________ I_ U S ——
| 50 | 950 | 1000 Pretest likelihood I
| _a_ _ 30 , d _ 84 ate 50 _ : ‘
| atc 50 | b+d 950 atb+c+d 1000 ’ |
| = 60% | =91% | |
I 1 1 1
Patient C
Coronary artery disease : Change from
Exercise | pretest
ECG result Present Absent Post-test likelihood | likelihood
_________________ ———————
a 300
iti === l +37%
Positive 300 45 345 2t h 345 87 % : o
b, O O _______ ]
d |
Negative 200 455 655 100 % 4 __ 100 % 455 31% I -19%
d 655 |
_________________ I_ [ I ——
| 500 I 500 | 1000 Pretest likelihood !
|
| & __300 | _d 455 | ate _ S0 _ 4 |
| a+c 500 | b+d 500 | at+b+c+d 1000 |
b =60% b =919 ! !
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ever, it is possible — and more
accurate — to grade the depression
more finely than that. For instance,
if there is less than 0.5 mm of
ST-segment depression, the post-test
likelihood of severe coronary artery
stenosis is, in fact, only 17%. This
eye-opener shows how much infor-
mation we toss out when we reduce
a range of diagnostic test results to a
positive/negative dichotomy. We
will return to this in part 4 of our
series. '

® We could choose to have pa-
tient C undergo coronary angiogra-
phy. However, this is not a very
attractive alternative in terms of
discomfort, risk and cost, and ‘the
fact that two thirds of such patients
would have negative results of angi-
ography.

® We could apply other noninva-
sive tests (e.g., thallium-201 scan-
ning and scintigraphy) in the hope
that they would decisively shift the
post-test likelihood.

® We could compare the post-
test likelihood of 31% with the like-
lihoods we have assigned to the
other diagnostic hypotheses on our
'short list. If pain in the chest wall
now jumps to the fore with a likeli-
hood of 65%, we may want to watch
and wait.

The last option is the answer to
the first question: you toss out (or
accept) a diagnostic hypothesis
when its likelihood (suitably tem-
pered by considering the harm you
will do if you are wrong) is substan-
tially lower (or higher) than the
likelihood of other diagnostic hy-
potheses ,on your short list. If the
harm of missing a diagnosis is great
you will need a very low likelihood
(less than 10%) before you toss it
out. (This is why patients with a
probability of myocardial infarction
of only 20% to 25% still go to the
coronary care unit for serial enzyme
determinations and daily electrocar-
diography.) Conversely, if the harm
of overdiagnosis is great you will
need a very high likelihood (greater
than 95%) before you accept the
diagnosis as established. This is why
we insist on tissue diagnosis before
we tell patients they have cancer
and why we demand repeated blood
pressure measurements before we
label patients as hypertensive. When
misdiagnosis carries lower penalties
we relax and may reject a diagnostic

hypothesis at 40% or accept it at
60%.

All of the foregoing underscores
our second question: Do we really
have to quantitate our diagnostic
uncertainty this way? Only if we
want to be better clinicians. Of
course we deal in uncertainty in
everything we do: we cannot be sure
about the patient’s history, the re-
sults of the physical examination,
the results of laboratory tests, the
diagnosis, the prognosis or whether
the treatment will work (even if the
patient does take the medicine we
have prescribed). How shall we han-
dle this uncertainty? Shall we sim-
ply ignore it or mystify it by calling
it the “art” of medicine? Let’s not.
Let’s use the science of the art of
medicine and get the most out of it.
Certainty is a delusion, and uncer-
tainty can, within limits, be quanti-
fied to the benefit of the patient. We
echo the advice of one of the heroes
mentioned in our earlier set of
rounds,** David Spodick:® “Physi-
cians must be content to end not in
certainties, but rather in statistical
probabilities. The modern [physi-
cian] thus has a right to feel certain,
within statistical constraints, but
never cocksure. Absolute certainty
remains for some theologians — and
like-minded physicians.”

Multiple diagnostic tests

There is one other aspect of “do-
ing it with a simple table” that we
want to show you: the simultaneous
use of two diagnostic tests. Suppose
we have two different diagnostic
tests for a target disorder. Test A
has a sensitivity of 70% and a speci-

ficity of 95%, and test B has a
sensitivity of 90% and a specificity
of 75%. The pretest likelihood of the
target disorder is 50%. Finally, sup-
pose that the two tests are “in-
dependent” of one another — that
is, the positivity rate of one test is
the same for patients with positive
and negative results of the second
test. In other words, of the patients
with the target disorder, 90% of
both those with a positive result of
test A and those with a negative
result of test A will also have a
positive result of test B.

Patients who undergo both test A
and test B can have three sorts of
results: positive results of both, posi-
tive results of one and negative re-
sults of the other, or negative results
of both. If we are going to reduce
this set of results to a simple table,
however, we have to decide where to
put the cut-off point for a combina-
tion of the results. Should we re-
quire that the results of both tests A
and B be positive, or should we
include as positive results those of
the patients with just one positive
test result? As shown in Table III, it
makes a difference.

When the cut-off point requires
that both test results be positive, the
sensitivity is not very impressive
(63%), but the specificity is splendid
(99%). Hence, although you may
miss several cases of the target dis-
order, the patients with positive re-
sults of both tests A and B (at least
those with a pretest likelihood of
50%) virtually always have the dis-
order. This is good way to minimize
the chances of mislabelling the “in-
nocent”.

Table III—Two ways of combining the results of two independent diagnostic tests
Target disorder Test results
Both One or both
Test results Present Absent positive positive
Both positive 630 12 630 12
-—— b 970 | 288
c|d
One positive 340 276
———] 370 988 b
d
Neither positive 30 712 30 | 712
Sensitivity | 63% 97% :
Specificity 99% | 1%
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Alternatively, you could lower the
cut-off point to include just one (or
both) positive test result(s), as
shown in the right-hand panel of
Table III. The sensitivity jumps to

97%, but the specificity falls to 71%.
This is a good way to be sure, when
both test results are negative, that
your patient does not have the target
disorder. Almost every case will be

caught, although there will also be a
large number of false-positive re-
sults (cell b).

What if, instead, the two tests are
dependent upon each other? Sup-

Table IV—Doing it with a simple table
Panel A
Target disorder
Test -
result Present Absent
Positive
b a+b
c|d c+d .
Negative
atclb+d at+tb+c+d
1000
Panel B
Target disorder
Test
result Present Absent
Positive
b atb| ]
c|d c+d
Negative
at+c|b+d at+b+c+d
100 900 1000 Pretest likelihood = 10 %
Panel C
Target disorder
Test
result Present Absent
Positive 83 81 164
b atb|
c|d c+d
Negative 17 819 836 '
at+c|b+d a+b+c+d|
100 900 1000 Pretest likelihood = 10 %
Sensitivity | Specificity |
= 83% =91%
Panel D
Target disorder
Test
result Present Absent
Positive 83 81 . 164 Positive predictive value = —a__ 8 _ 51%
! a+b 164
b atby
c|d c+d 819
. : . . __d _ 819 _
Negative 17 819 836 . _Ni_ga_t"f_ piedictl_ve _vakle— _————c +d _8_3_6 - _98_‘3% ______ i
atc|b+d at+b+c+d )
I 100 i 900 | 1000 Pretest likelihood = 10 %
| Sensitivity | Specificity |
;= 83% ;= 91% |
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pose that when the result of test A is
positive, that of test B is more likely
to be positive than when the former
is negative, as when both tests are
detecting the same manifestation of
the target disorder. This is called
“convergence”. This is the usual
case when we use combinations of
diagnostic tests for the same target
disorder. When convergent diagnos-
tic tests are used, the gain in diag-
nostic certainty from the second test
is diminished, and the selection of
the cut-off point will make less dif-
ference.

The second way in which two
diagnostic tests can be dependent
upon each other is when they are
“divergent”. Suppose that when the
result of test A is positive, that of
test B is less likely to be positive
than when the former is negative, as
when the target disorder is a family
of diseases, each with its own dis-
tinct diagnostic features. Another
situation in which the diagnostic
tests may be divergent is when the
disorder has distinct, irreversible
stages such that progression from
one stage to the next “switches off”
some diagnostic tests as it “switches
on” others. When combinations of
diagnostic tests are divergent, the
gain in diagnostic certainty from the
second test is augmented, and the
selection of the cut-off point will
make a great difference (even more
so than when the two tests are
independent).

Summary

The following guidelines are use-
ful if you want to “do it with a
simple table” (Table 1V):

©® First, identify the sensitivity
and specificity of the sign, symptom
or diagnostic test you plan to use.
Many are already in the literature,
and subspecialists should either
know them for their field or be able
to track them down for you. De-
pending on whether you are consid-
ering a sign, a symptom or a diag-
nostic laboratory test, you will want
to track down a clinical subspecial-
ist, a radiologist, a pathologist and
SO on.

® Start your table with a total of
1000 patients, as shown in location
(a + b+ c+d)of panel A.

® Using the information you
have about the patient before you
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apply the diagnostic test, estimate
the patient’s pretest likelihood
(prevalence or prior probability) of
the target disorder — let’s say 10%.
Take this proportion of the total
(100) and place it in location (a +
¢); the remaining 900 patients go in
location (b + d) (panel B).

® Multiply (a + c) (100) by the
sensitivity of the diagnostic test
(let’s say 83%) and place the result
(83) in cell a and the difference (17)
in cell ¢; similarly, multiply (b + d)
(900) by the specificity of the diag-
nostic test (let’s say 91%) and place
the result (819) in cell d and the
difference (81) in cell b (panel C).
If (a + b) and (¢ + d) do not add up
to 1000, you will know you have
made a mistake.

® You can now calculate the pos-
itive predictive value, a/(a + b), and
the negative predictive value, d/(c +
d), as shown in panel D.

You have now reached a level of
understanding a fair bit beyond the
rule-in/rule-out strategy discussed in
part 1 of our series. Furthermore,
you can already do more than most
clinicians, so you may want to stop
here, at least for a while. On the
other hand, you may want to go
further and learn how to handle
slightly more complex tables with
multiple cut-off points. In the next
article you will find more powerful
ways to take advantage of the de-
gree of positivity and negativity of
diagnostic test results.
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Interpretation of diagnostic data:
4. How to do it
with a more complex table

In parts 2 and 3 of our series on
interpreting diagnostic data we
showed you how to use a simple
two-by-two, or fourfold, table. Now
we will show you how to use a more
complex table. To ease the transi-
tion, we will use the same sample of
patients as in part 2.

Doing it with a more complex table
Case presentation

In 360 patients consecutively ad-
mitted to a coronary care unit
(CCU) blood was drawn for mea-
surement of the serum creatine ki-
nase (CK) level at the time of
admission and the next two morn-
ings.' A clinician who was “blind” to
the CK measurements reviewed the
patients’ electrocardiograms (ECGs),
clinical records and autopsy reports
and decided that 230 had had a
myocardial infarction and 130 had
not.

Comment

Fig. 1 shows the maximum serum
CK levels* for the 230 patients who
had an infarct and the 130 patients
who did not.

Conversion of numbers to a more
complex table

In parts 2 and 3 of our series we -

placed these numbers in simple two-
by-two, or fourfold, tables. This
time we shall extend the tables to

*Since laboratory methods differ, this distri-
bution of serum levels may not apply at your
institution.

Reprint requests to: Dr. P.X. Tugwell, Rm.
2C16, McMaster University Health Sciences
Centre, 1200 Main St. W, Hamilton, Ont.
L8N 3Z5
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several rather than just two vertical
rows. As a result, the tables now
retain more of the information pre-
sented in Fig. 1 (Table I).

Several of the cut-off points in
Table I might look familiar. That at
40 U/l is the X, or rule-out, cut-off
point we used in part 1, that at 80
U/l is the one we used in parts 2 and
3 and that at 280 U/l is the Y, or
rule-in, cut-off point we used in part
1. The cut-off points need not be

INFARCT INFARCT
PRESENT /. \ ABSENT
35 4;0
8
440
7
400
15
360
19
320
13 1
280
18
240
19 1
200
21
160
30 5
. " 1120
30 8
80
13 26
40
2 88
[ o
230 130

FIG. 1—Maximum serum creatine Kki-
nase (CK) levels (U/l) in patients with
and without myocardial infarcts.

evenly spaced; the bottom three are
40 U/1 apart, but there is a jump of
200 U/1 to the top one.

How do we generate sensitivity
and specificity from this more com-
plex table? We do it by creating a
series of simple tables (Table II),
each of which uses one of the cut-off
points from the complex table. The
left-hand panel of Table II simply
replicates Table 1 and displays the
numbers of patients with and with-
out infarcts and their serum CK
levels. The right-hand panels display
all the simple tables that could be
generated from the complex one.
Thus, when the cut-off point is at
280 U/, cell a contains the 97
patients with infarcts whose serum
CK levels were 280 U/l or greater,
cell ¢ contains the 133 (118 + 13 +
2) patients with infarcts whose levels
were less than 280 U/l, and so forth
across the remaining panels.

Beneath the right-hand panels are

Table [—Doing it with a more complex table
Serum creatine Myocardial infarct
kinase (CK)

level, U/1 Present Absent

> 280 97 1
80-279 118 15
40-79 13 26
1-39 2 88

in the next two issues of the Journal.

This is the fourth of six articles (the first three appeared in the Sept. 1, Sept. 15
and Oct. 1, 1983 issues of the Journal) that focus on the strategies and tactics for
interpreting diagnostic data, both the clinical data from the history and physical
examination and the paraclinical data from the clinical laboratories, the radiology
department and the surgical pathology service. The remaining articles will appear
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the sensitivities and specificities for
each cut-off point. A comparison of
the sensitivities and specificities re-
minds us once again that as one goes
up, the other goes down. The ex-
treme right-hand panel shows that
we can always achieve a sensitivity

So, we can gain more with more
complex tables than with single,
simpler tables. This method also
helps us understand combinations of
tests (Table 1V). Table IV replicates
Table III from part 3 of our series.

Once again, with the more complex
table we see a greater change be-
tween the pretest and post-test like-
lihood of disease for patients with
extreme test results (i.e., both posi-
tive or both negative). We will ex-

of 100% if we are willing to drop the - - — -
specificity to zero. Table III—Effect of different cut-off points on the post-test likelihood of disease*
The increase in the post-test like-
lihood of digease may be' very great Myocardial infarct
when we switch from a simple table Serum CK
to a more complex table. Consider level, U/ Present | Absent |  Post-testlikelihood of disease
two patients who are admitted to a A 2 297 _ o0a
CCU in whom a myocardial infarct 2280 97 1 Patient A: Srp=95 = 9%
is suspected and who both have a all |
pretest likelihood of 64% (as in 280 - 133 & d 129 Patient B: _ =133 _ 514
Table II, where 230/360 = 64%). < = 75 A
Suppose the first patient (A) has a
serum CK level of 400 U/l and the
second patient (B) a level of 30 U/l Mvocardial infarct
The effect of the different cut-off Serum CK Y
points on the post-test likelihood of level, U/I Present | Absent | Post-testlikelihood of disease
disease for each patient is shown in o a 215
Table II1. > 80 215 16 Patient A: TP B 93 %
The selection of a cut-off point of alpl |
280 U/l gave us more information cld c 15
: 15 114 Patient B: =13 - 12%
on patient A (whose serum CK level <80 anemt ™ FT 129 ?
was 400 U/l). Patient A’s probabili-
ty of infarction rose from a pretest
value of 64% to a post-test value of -
! Myocardial infarct
99%. We did not learn much about Serum CK Y
patient B (whose serum CK level level, U/I Present | Absent | Post-test likelihood of disease |
was 30 U/l), but the change in ] a 28
likelihood was small for this patient, 2 40 228 42 Patient A: 25 =270~ 34%
from 64% to 51%. However, we do alb] |
learn more when the cut-off point is 4 , Leydl oo Patient B: € —_2 _ 20
40 U/1. Now the likelihood of infare- < ferd 90 T
tion has fallen from 64% to 2%, and
we can effectively rule out this diag- *The pretest likelihood of disease was 64 % .
nosis.
Table II—Simple tables created from one complex table
Myocardial
infarct Cut-off point; serum CK level (U/1)
Serum CK
level, U/1 Present Absent > 280 > 80 > 40 >1
> 280 97 1 97 1
alb
- <1a 215 16
80-279 118 15 228 42
- b 230 130
40-79 13 26 133 129
b
- 15 114 i
1-39 2 88 2 88
afb
c(d
230 130 0 0
Sensitivity = %~ | 42% 93% 9% 100%
N
Specificity = b+ d 99 % 88% 68 % 0%
CAN MED ASSOC J, VOL. 129, OCTOBER 15, 1983 833



amine multiple diagnostic tests in
greater detail in part 5 of our series.

As you have probably already
noted, changes or differences in the
pretest likelihood of disease are ma-
naged just as they were with the
simple tables. Something that you
may not have recognized, however,
is that you now know a bit about
ROC (receiver operafing character-
istic)* curves.

ROC curves

Look again at Table II, where we
have listed the sensitivity (true-posi-
tive [TP] rate) and specificity (true-
negative [TN] rate) for each cut-off
point.

The TN rate is, of course, d/(b +
d) or true negatives/(false positives
+ true negatives). We could there-
fore generate a complementary rate,
b/(b + d), and call it the false-
positive (FP) rate. And, of course,
for any table the FP rate plus the
TN rate would sum to 100%. When
we add the FP rates to Table II we
get Table V. Since the FP rate =

100% — the TN rate, the TP and.

FP rates rise and fall together.

We can now draw an ROC curve,
which is simply a graph of the pairs
of TP rates and the FP rates that
correspond to each possible cut-off
point for the diagnostic test result
(Fig. 2). For example, the point
labelled *“> 280” indicates the TP
rate of 42% and the FP rate of 1%
that apply when we use a cut-off
point of 280 U/I or greater.

Fig. 2 provides a picture of the
implications of using different cut-
off points; such ROC curves have
some interesting properties. For ex-
ample, the upper left-hand corner of
Fig. 2 denotes a perfect diagnostic
test: a TP rate of 1.00 (all patients
with the target disorder are detect-
ed) and an FP rate of 0 (no one
without the target disorder is falsely
labelled). It follows that the point on
an ROC curve that is closest to the
upper left-hand corner is the best
-cut-off point in terms of making the
fewest mistakes (that is, it creates
the smallest total number of false
positives plus false negatives). You
can confirm this by relating Fig. 2

*This acronym comes from the early days of
radar and other imaging strategies, when
interpreters had to distinguish between “sig-
nals” caused by airplanes and “noise” from
other sources.
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to Table II. In the former, the Table VT e (TP )
clos 3 o the _ able V—True-positive (TP), true-negative
est .pomt t . upper !eft hand (TN) and false-positive (FP) rates at differ-
corner is for the cut-off point at 80 | ¢ it off points
U/l or greater, and in Table II the
sum of cells b and ¢ (that is, the | .~ Cut-off point;serum CKlevel (U/D)
mistakes) for this cut-off point is 31; [ (4, >280 >80 >40 >1
for any other cut-off point in Table
I1 the sum of cells b and ¢ is greater | TP 42 93 9 100
than 31. You also may want to look | TN 99 88 68 0
again at Fig. 3 in part 2 of our FP 1 12 32 100
series, noting the point at which the
Table IV—Two ways of combining the results of two independent diagnostic tests
Target disorder Test results
: Both One or both
Test results Present Absent positive positive
Both positive 630 12 630 12
-8 970 | 288
One positive 340 276
: ——| 370 | 988 ab
Neither positive 30 712 30 | 712
Sensitivity | 63% | 97% |
Specificity ! 99% ! 1%

TRUE-NEGATIVE RATE

1.00

0.90 —

0.80

0.70 —

0.60 —

0.50 —

> 280

TRUE-POSITIVE RATE

100 090 0.80 0.70 0.60 0.50 0.40
1 l |

0.30 0.20 0.10 O

-V
-

1
0 0.10

I [ ! ! |
0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90

T I 1
1.00

FALSE-POSITIVE RATE

FIG. 2—ROC (receiver operating characteristic) curve, showing serum CK levels (U/l)
in patients with and without myocardial infarcts.
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serum CK levels in patients with
and without infarcts cross one an-
other. It is also 80 U/I.

Finally, the upper left-hand cor-
ner of Fig. 2 is also where the sum
of the TP and TN rates attains its
highest value. Of course, there is
much more to picking the correct
cut-off point than simply minimiz-
ing the sum of false positives and
false negatives, as you will recall
from our earlier discussions. You
would seek the upper left-hand cut-
off point only if your patient might
suffer equally from false-positive or
false-negative labelling. If false-
positive labelling was going to be
very harmful, you would select a
lower cut-off point, which would
minimize the FP rate. If, on the
other hand, false-negative labelling
was going to be highly dangerous,
you would select a higher cut-off
point, which would maximize the TP
rate.

A more complex table and the
resulting ROC curves can be used to
compare the usefulness of two dif-
ferent signs, symptoms or diagnostic
tests for the same target disorder.
All you need to do is plot a separate
ROC curve for each of them: the
one that lies farthest to the “north-
west” is the more accurate.*

Summary

A more complex table is especial-
ly useful when a diagnostic test
produces a wide range of results and
your patient’s levels are near one of
the extremes. The following guide-
lines will be useful:

® Identify the several
points that could be used.

® Fill in a complex table along
the lines of Table I, showing the
numbers of patients at each level
who have and do not have the target
disorder.

® Generate a simple table for
each cut-off point, as in Table II,
and determine the sensitivity (TP
rate) and specificity (TN rate) at
each of them.

® Select the cut-off point that

cut-off

*Stated more formally, the sign, symptom or
laboratory test result whose ROC curve en-
closes (below and to the right) the largest
area is the most accurate. If you want to
learn more about ROC curves you might
start wnh an article by McNeil and col-
leagues.

makes the most sense for your pa-
tient’s test result and proceed as in
parts 2 and 3 of our series.

® Alternatively, construct an
ROC curve by plotting the TP and
FP rates that attend each cut-off
point.

If you keep your tables and ROC
curves close at hand, you will gradu-
ally accumulate a set of very useful
guides. However, if you looked very
hard at what was happening, you
will probably have noticed that they
are not very useful for patients
whose test results fall in the middle
zones, or for those with just one
positive result of two tests; the post-
test likelihood of disease in these

patients lurches back and forth past
50%, depending on where the cut-off
point is. We will show you how to
tackle this problem in part 5 of our
series. It involves some maths, but
you will find that its very powerful
clinical application can be achieved
with a simple nomogram or with
some simple calculations.
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Clue to correct diagnosis

When laboratory reports conflict with clinical judg-
ment, don’t discard the latter before repeating the

—Paul Reznikoff (1896-)
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Interpretation of diagnostic data:
S. How to do it
with simple maths

In parts 2 to 4 of our series on
interpreting diagnostic data we
showed you how to use simple or
complex tables. This article presents
quite a different way of interpreting
diagnostic data — the use of simple
maths. To ease the transition we will
use the same sample of patients as
in parts 2 and 4.

Using simple maths

Case presentation

In 360 patients consecutively ad-
mitted to a coronary care unit
(CCU) blood was drawn for mea-
surements of the serum creatine ki-

Reprint requests to: Dr. David L. Sackett,
Rm. 3V43E, McMaster University Health
Sciences Centre, 1200 Main St. W,
Hamilton, Ont. L8N 3Z5

INFARCT INFARCT
PRESENT /¢ ABSENT
35 480
8
440
7
400
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360
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320
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280
18 o
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200
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30 5
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230 130

FIG. 1—Maximum serum creatine Ki-
nase (CK) levels (U/l) in patients with
and without myocardial infarcts.

DEPARTMENT OF CLINICAL EPIDEMIOLOGY AND
BIOSTATISTICS, MCMASTER UNIVERSITY, HAMILTON, ONT.

nase. (CK) level at the time of
admission and the next two morn-
ings." A clinician who was “blind” to
the CK measurements reviewed the
patients’ electrocardiograms (ECGs),
clinical records and autopsy reports,
and decided that 230 of them had
had a myocardial infarction and 130
had not.

Comment

Fig. 1 shows the maximum serum
CK levels* for the 230 patients who
had an infarct and the 130 patients
who did not. In Table I, which
should look familiar to you by now,
these figures are converted to a
simple table.

Such tables are all very nice, but

*Since laboratory methods differ, this distri-
bution of serum CK levels may not apply at
your institution.

you must admit that they are cum-
bersome. Do you really want to
carry graph paper and scratch pads
wherever you go, and figure out a
new table for every patient you see?
Fortunately, once you have mas-
tered the tables we used in parts 2 to
4, you are ready for a great leap
forward. It involves more calcula-
tions initially, but once you become
familiar with them you should be
able to arm yourself with some sim-
ple tables (like the tables of ‘“nor-
mal” values you probably carry
now) and be able to come up with a
patient’s post-test probability of dis-
ease with just a simple nomogram or
simple mental arithmetic.

Discussion
The likelihood ratio

We start by generating a new

Table I—Conversion of raw data to a simple table

Myocardial infarct
Serum creatine kinase
(CK) test result Present Absent
Positive 215 16 231
(level > 80 U/1)
F;TI atb
[cld] c+d
Negative 15 114 129
(level < 80 U/1)
atc|b+d
230 130 360

1 and Oct. 15, 1983 issues of the Journ
for interpreting diagnostic data, both

radiology department and the surgical

This is the fifth of six articles (the first four appeared in the Sept. 1, Sept. 15, Oct.

physical examination and the paraclinical data from the clinical laboratories, the

series will appear in the next issue of the Journal.

al) that focus on the strategies and tactics
the clinical data from the history and

pathology service. The last article in the
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index of how good a diagnostic test
is. This index, which is called a
“likelihood ratio”,* contrasts the
proportions of patients with and
without the target disorder who
have a given level of a diagnostic
test result. By “given level” we
mean the presence (or absence) of a
sign or symptom, or any of the levels
of a laboratory test result, such as
those in Fig. 1.

Thus, the likelihood ratio ex-
presses the odds that a given diag-
nostic test result would be expected
in a patient with (as opposed to one
without) the target disorder.

Let us calculate some likelihood
ratios and learn their properties.
Table II, constructed by adding the
likelihood ratios to Table I, shows
that the likelihood ratio for a posi-
tive test result (a serum CK level of
80 U/l or higher) is 7.75; in other
words, this serum CK level is 7.75
times as likely to come from patients
with infarcts as from those without.
Let’s take a closer look at the pro-
portions that make up this likelihood
ratio. The first likelihood is a/(a +
¢) = 215/230 = 0.93, our old friend
sensitivity (the TP rate), and the
second likelihood is b/(b + d) =
16/130 = 0.12, which is 1 — speci-
ficity (the FP rate). The likelihood
ratio for a negative test result (a

*A “likelihood” is analogous to a “probabili-
ty”, a “proportion” or a “rate”. Thus, sensi-
tivity (the true-positive [TP] rate) is the
likelihood that patients who have the target
disorder will have a positive test result. A
“likelihood ratio” is simply the TP rate
divided by the false-positive (FP) rate. Thus,
a likelihood ratio could just as easily be called
a “rate ratio”, but the former term is more
common.

serum CK level of less than 80 U/l)
is 0.08; in other words, this serum
CK level is only about 1/10th
(8/100ths to be exact) as likely to
come from patients with infarcts as
from those without. The first likeli-
hood is ¢/(a + ¢) = 15/230 = 0.07,
the complement of sensitivity (the
false-negative [FN] rate), and the
second one is d/(b + d) = 114/130
= 0.88, the specificity (the true-
negative [TN] rate).

Likelihood ratios have three prop-
erties, which, when combined, form
a very powerful diagnostic strategy.
First, because the likelihoods that
make up the likelihood ratio are
calculated vertically, like sensitivity
and specificity, the ratios need not
change with changes in the preva-
lence (pretest probability) of the
target disorder. In fact, they may be
much more stable than sensitivity or
specificity with changes in preva-
lence because of their second prop-
erty — the option of their being
calculated for several levels of the
sign, symptom or laboratory test
result, rather than for just the two
levels we have worked with up to
now.

Table III shows the second prop-
erty in action. In Table III four
levels of the CK test result are
considered. However, rather than
collapsing these four levels into indi-
vidual two-by-two dichotomies, as
we did in parts 2 and 3 of our series,
we can preserve all four levels and
assign a likelihood ratio to each one.
Note how the range of likelihood
ratios has dramatically widened,
from 97-fold (0.08 to 7.75) in Table
IT to 4200-fold (0.01 to 42) in Table

III. The clinical information from
the diagnostic test result is therefore
greatly increased.t

Let’s look again at the 99% cut-
off points of maximum and mini-
mum serum CK levels (Fig. 2). The
highest CK level (> 280 U/l) corre-
sponds to the rule-in cut-off point y
that we developed in the first part of
our series, and the lowest level (1 to
39 U/l) corresponds to the rule-out
cut-off point x. By using simple
maths we can now distinguish be-
tween the subgroups of patients
whose CK levels lie between the
rule-in and rule-out cut-off points.

A comparison of Fig. 2 and Table
IIT suggests a very pragmatic, two-
step approach to evaluating the re-
sults of diagnostic tests. We can
start by identifying the 99% cut-off
points for a diagnostic test and rule
in or rule out the diagnosis if a
patient’s test result lies beyond one
of these points. If, however, the
patient’s test result lies between the
cut-off points we can use the likeli-
hood ratio to extract as much diag-
nostic information from the test as
possible.

We have already said that likeli-
hood ratios are more stable than
sensitivity or specificity when the
prevalence changes. If the mix of
patients with either a mild or a
severe form of the target disorder
varies when the prevalence of the
disorder varies, the sensitivity and
specificity as well as the predictive
values will change. However, be-

tOf course, the information was there all the
time. The likelihood ratio simply preserves
the diagnostic information that is often lost
with other methods of interpretation.

Table II—How likelihood ratios are generated
Myocardial infarct
Present Absent
Serum CK b e e e e e e e b — ]
test result No. : Likelihood No. : Likelihood Likelihood ratio
T T I
I 1
oo | a _ 215 _ 1 b _ 16 _ 093 _
Positive 215 : aFc. 230 0.93 16 : P+d- 130 - 0.12 NV 1.75
[ [
= b] ! ]
< 4] |
| [
; [ c __15 _ i 4 __ 114 0.07 _
Negative 15 : atec 230 0.07 114 : b+d- 130 0.88 0.3 0.08
pel X2 p—
I |
230 : 130 :
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cause likelihood ratios can be gener-
ated for narrow “slices” of a diag-
nostic test result, they are less sus-
ceptible to such changes.

The third property of the likeli-
hood ratio is the most delightful; it
can be used in a very powerful way
to shorten a list of diagnostic hy-
potheses because the pretest “odds”
(the ratio of the probabilities for
and against a diagnosis) of the tar-
get disorder X the likelihood ratio
for the diagnostic test result = the
post-test “odds” for the target disor-
der. If you start from your clinical

estimate of the odds that your patient
has a certain target disorder and
then carry out a diagnostic test
and apply the likelihood ratio that
corresponds to your patient’s test
result, you can calculate a new,
post-test odds of the target dis-
order.

Suppose you are doing a work-up
on a man with chest pain, and you
judge that the probability that he
has had a myocardial infarction is
about 60% (odds of 60:40 or 1.5:1).
Suppose further that his initial
serum CK level is 180 U/I. A quick

INFARCT
PRESENT

ANy

RULE IN 8%

INFARCT
ABSENT

| | 1 il ! J

20% 10% 0% 0% 10% 20% 30% 40% 50% 60% 70%

FIG. 2—Cut-off points (99%) for maximum and minimum serum CK levels for

look at Table III will confirm that
the likelihood ratio for this CK level
is 4.2 (ie., 4.2:1); now you can
apply the third property of the like-
lihood ratio: 1.5:1 (pretest odds) X
4.2:1 (likelihood ratio) = 6.3:1
(post-test odds). The post-test odds
correspond to a probability of slight-
ly more than 85%, so your tentative
diagnosis is firming up nicely.

This example emphasizes both the
diagnostic power of and a major
drawback to the likelihood ratio
strategy. Although it can help us get
the most out of the diagnostic tests
we use, the need to switch back and
forth between probabilities and odds
is off-putting at best and frequently
scares clinicians. We suggest two
solutions. )

Nomogram: The first solution is
to use a nomogram (adapted from
that proposed by Fagan?), which
obviates the need to switch back and
forth between probabilities and odds
(Fig. 3). The pretest and post-test
odds are already converted to per-
centage probabilities, so we need not
trip over the calculations. Let’s go
back to the 60% probability for our
patient with chest pain. Anchor a
ruler at the pretest probability of
60%, then rotate the ruler until it
lines up with the likelihood ratio of
4.2. If you look along the ruler to
the right you’ll see that the post-test
probability is about 86%. Hence,
you have figured out the post-test
likelihood with no maths or conver-

diagnosis of myocardial infarct. sions between probabilities and
Table III—Likelihood ratios for several levels of a diagnostic test result
Myocardial infarct
SerumCK =~ b o-———m Present | Absemt o ___
level, U/1 No. Likelihood No. Likelihood Likelihood ratio
97 _ 1 _ 0.42
> 280 97 330 - 0.42 1 130 = 0.01 901 = 42
118 _ _15 _ 0.51 —
80-279 118 230 = 0.51 15 130 = 0.12 0.12 4.2
13 _ _26 _ 0.06 _
40-79 13 330 = 0.06 26 130 = 0.20 0.20 0.30
2 _ 88 _ 0.01 =
1-39 2 230 = 0.01 88 130 = 0.68 0.68 0.01
1 Y B
230 : 130 :
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odds. If you find this solution attrac-
tive, make a photocopy of the nomo-
gram to keep on hand. ,

Simple conversion: The second
solution is to learn how to convert
pretest probabilities to pretest odds.
Simply divide the probability by its
complement — that is, pretest prob-
ability/(1 — pretest probability) =
pretest odds. Thus, for our patient
with a pretest probability of myocar-
dial infarction of 60% the pretest
odds are 0.60/(1 — 0.60) =
0.60/0.40 = 1.50. In Table IV we
have calculated the pretest odds for
several clinically relevant pretest
probabilities.

How do we get back to the post-
test probability? As you will recall,
the likelihood ratio for our patient’s

serum CK level of 180 U/l was 4.2,
and his post-test odds for having an
infarct were 6.3:1. The post-test
odds are converted back to the post-
test probability as follows: post-test
odds/(post-test odds + 1) = post-test
probability. Thus, with post-test
odds of 6.3 the post-test probability
is 6.3/(6.3 + 1) = 6.3/7.3 = 0.86, or
86%. In Table V we have calculated
the post-test probabilities for a
range of post-test odds.

As more clinicians recognize the
power of the likelihood ratio strate-
gy, they are asking subspecialists,
radiologists, pathologists and labora-
tory specialists for precise likelihood
ratios for various signs, symptoms
and laboratory test results. In Table
VI we have calculated likelihood

01 a9
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1 1000 30
5004
2 2001 L 80
1001
5 50 L 70
204 L 60
10 | 104 L 50
| 5t L 40
L 30
g 20 %
30 05 + 20
40 02
50 01 r 10
60 Q05 |5
70 Qo2
001
80 0005 L o
0002
80 0001 4
a5 L 0.5
L 0.2
a9 0.1
PRETEST LIKELIHOOD POST-TEST
PROBABILITY RATIO PROBABILITY

ratios from data in several reports.*'’

Tying it all together

It may be hard for you to see how
we got here from where we were in
part 2 of our series. If so, let’s go
back and redo the example in part 2
with our new strategy (Table VII).
The pretest probability of myocardi-
al infarction was 64%, and the posi-
tive predictive value of a serum CK
level of 80 U/I or greater was 93%.
Would we get the same answer with

Table IV—Converting pretest probabilities
to odds

Pretest Probability/  Pretest
probability (1 — probability) odds
0.1% (0.001) 0.001/0.999 0.001
1% (0.01) 0.01/0.99 0.01
2% (0.02) 0.02/0.98 0.02
3% (0.03) 0.03/0.97 0.03
4% (0.04) 0.04/0.96 0.04
5% (0.05) 0.05/0.95 0.05
10% (0.1) 0.1/0.9 0.11
20% (0.2) 0.2/0.8 0.25
30% (0.3) 0.3/0.7 0.43
40% (0.4) 0.4/0.6 0.67
50% (0.5) 0.5/0.5 1.0
60% (0.6) 0.6/0.4 1.5
70% (0.7) 0.7/0.3 23
80% (0.8) 0.8/0.2 4.0
90% (0.9) 0.9/0.1 9.0
95% (0.95) 0.95/0.05 19.0
99% (0.99) 0.99/0.01 99.0

FIG. 3—Nomogram for applying likelihood ratios. Adapted from Fagan.’
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Table V—Converting post-test odds to
probabilities

Post-test Post-test
odds Odds/(odds + 1) probability
0.001 0.001/1.001 0.001 (0.1%)
0.01 0.01/1.01 001 (1%)
0.02 0.02/1.02 002 (2%)
0.03 0.03/1.03 003 (3%)
0.04 0.04/1.04 004 (4%)
0.05 0.05/1.05 005 (5%)
0.1 0.1/1.1 0.09 9%)
0.2 0.2/1.2 017 (17%)
0.3 03/1.3 023 (23%)
04 04/1.4 029 (29%)
0.5 0.5/1.5 0.33 . (33%)
0.6 0.6/1.6 038 (38%)
0.7 0.7/1.7 041 41%)
0.8 0.8/1.8 044 (44%)
0.9 09/19 047 (47%)
1.0 1/2 05 (50%)
2.0 2/3 0.67 (67%)
3.0 3/4 0.75 (75%)
4.0 4/5 08 (80%)
5.0 5/6 083 (83%)
10.0 10/11 091 (91%)
20.0 20/21 095 (95%)
30.0 30/31 097 (97%)
40.0 40/41 098 (98%)
50.0 50/51 098 (98%)
100.0 100/101 099 (99%)




the likelihood ratio strategy? We
can use either the nomogram or
simple conversion between the pre-
test probabilities and odds.

With the nomogram, anchor your
ruler at the pretest probability of
64%, then rotate it to a likelihood
ratio of 7.75. If you look along the
ruler to the post-test probability you
will see that it lies just short of 95%,
which is in good agreement with the
positive predictive value of 93% in
Table VII.

To use simple conversion you
have to generate the pretest odds
from the prevalence of 64% with the
formula probability/(1 — probabili-
ty) = 64%/36% = 1.78:1. Next, you
have to generate the likelihood ratio
for a serum CK level of 80 U/l or
greater. Sensitivity is the same as
the TP rate, which is 93%. The FP
rate is 100% — specificity = 100%
— 88% = 12%. Thus, the likelihood
ratio is TP rate/FP rate = 93%/12%
= 7.75. Now, multiply the pretest

odds by the likelihood ratio for a
CK level of 80 U/l or greater: 1.78
X 7.75 = 13.8:1. Finally, we can
convert the post-test odds back to
probability with the formula odds/
(odds + 1) = 13.8/14.8 = 0.93,
which is in perfect agreement with
the 93% positive predictive value
shown in Table VII.

Thus, all these methods produce
the same results. In fact, you could
obtain about the same answer in
your head if you round off the

Table VI—Likelihood ratios for various signs, symptoms and laboratory test results
Target disorder Likelihood
Report Diagnostic test (and gold standard*) Test result ratio
Diamond et  Symptoms of typical angina Coronary artery stenosis Positive history
al3 . (angiography or autopsy) Men 115
’ Women 120
Symptoms of typical angina Coronary artery stenosis Positive history :
(angiography or autopsy) Men 14
Women 15
Exercise electrocardiography Coronary artery stenosis Nonsloping
(angiography) ST-segment depression (mm)
>25 39
2.0-2.49 11
1.5-1.99 4.2
1.0-1.49 2.1
0.05-0.99 0.92
< 0.05 0.23
Singer4 Signs of deep-vein thrombosis Proximal deep-vein thrombosis Four signs or more, or increased
(pain, warmth, colour change, (venography) circumference 2.6
induration or tenderness) or a Fewer than four signs and no
difference in circumference difference in circumference 0.15
greater than 3 cm
Newman et Radionuclide angiocardiography Coronary artery stenosis Positive 3.6
als i (angiography) Negative 0.05
Hessel et al¢  Ultrasonography Pancreatic disease (biopsy, Abnormal
autopsy or clinical course) Definitely 5.6
Probably 2.1
Possibly 0.95
Normal
Probably 0.43
Definitely 0.32
Computerized tomography scan  Pancreatic disease (biopsy, Abnormal
autopsy or clinical course) Definitely 26
Probably 48
Possibly 0.35
Normal
Probably 0.32
Definitely 0.11
Hawkins et Test for HLA-B27 Ankylosing spondylitis Positive 15
al’ histocompatibility antigen Negative 0.11
National Measurement of serum Colorectal cancer CEA level (ng/ml)
Cancer carcinoembryonic antigen (biopsy or operation) >20 35
Institute of (CEA) level 10-19.9 2.3
Canada/ 5-9.9 14
American 1-4.9 0.94
Cancer <1 0.46
Society?
Boyd et al® Sputum smears Tuberculosis (culture) Positive 31
Negative 0.79
Mundtetal’®  Antibody-coated bacteria assay  Upper urinary tract infection Positive 3.6
(bilateral ureteral Negative 0.22
catheterization or bladder
wash-out)
*Diagnostic tests to determine presence or absence of target disorder.
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figures. The pretest odds of
64%/36% is about 60%/40%, which
converts to a pretest odds of 1.5:1
(Table IV). The likelihood ratio of
93%/12% is about 90%/10%, or 9:1.
The product of the pretest odds and
the likelihood ratio then becomes 1.5
X 9 = 13.5, or about 14:1. Again,
from Table V you can see that this
result lies between 91% (for 10:1)
and 95% (for 20:1). Thus, you can
do quite well by rounding off the
pretest odds and the likelihood ratio
and calculating it all in your head,
at least after a bit of practice.

This example also shows that you
can use simple maths even when the
diagnostic test results have a single
cut-off point. If you know the sensi-
tivity and specificity you also know
the TP rate and 100% — the FP
rate.

However, you are always in a
better position if likelihood ratios
are available for several different
levels of the diagnostic test result,
‘because the degree of abnormality
in a test result can only be estimated
when there are many levels, each
with its own likelihood ratio. For
example, in Table VI 1.0 to 1.49
mm of ST-segment depression on
the exercise ECG has a likelihood
ratio for severe coronary artery ste-
nosis of only 2:1. However, the ratio
jumps to 11:1 for a depression of 2.0
to 249 mm and to 39:1 for a
depression of greater than 2.5 mm.

Now that you are getting com-
fortable at doing these simple
maths, we will let you in on a secret:
you have been applying a modifica-
tion of “Bayes’ theorem”, an ap-
proach to diagnosis that is usually
presented with all sorts of arcane
symbols and complex formulas.
However, we haven’t shown any of
these symbols or formulas because
you just don’t need them.

The separate consideration of pre-
test probabilities on the one hand
and likelihood ratios on the other
underscores an issue we raised in
our series on clinical disagree-
ment.'"'? One strategy for minimiz-
ing the risk of clinical disagreement
and error is to “blind” the assess-
ment of raw diagnostic data. That
is, those who interpret x-ray films,
ECGs, biopsy results and so on
should, at least at the time of their
initial interpretations, simply gener-
ate the likelihood ratios for the
target disorders that might produce
such an image or tracing, without
having other information about the
patient. The diagnostician who or-
dered the test can then apply likeli-
hood ratios to the appropriate pre-
test and post-test probabilities."

The “blind” approach may re-
solve the diagnostic problem from
the start and, at any rate, will avoid
several sorts of bias. On the other
hand, a knowledge of the diagnostic
hypothesis may be crucial if specific

radiologic views, histologic stains
and other variations in diagnostic
testing are required for certain tar-
get disorders. In this instance nego-
tiation between the diagnostician
and the laboratory specialist is es-
sential. None the less, keeping the
pretest probabilities and likelihood
ratios separate whenever possible
will both reduce the risk of clinical
disagreement and error and sharpen
our diagnostic power.

Multiple diagnostic tests

The likelihood ratios strategy also
allows you to carry out sequences of
diagnostic tests. That is, with this
strategy the post-test probability for
one test becomes the pretest proba-
bility for a second, independent di-
agnostic test.

For example, let’s say a
45-year-old woman calls your recep-
tionist saying that she’s had inter-
mittent chest pain for 1 month. The
receptionist gives her an appoint-
ment to see you. Like a good hypo-
theticodeductive diagnostician, as
soon as you hear the patient’s chief
complaint you form a mental “short
list” of possible explanations: (a)
there’s something in the chest wall,
possibly related to emotional stress;
(b) there’s something in the esopha-
gus or upper gastrointestinal tract;
(c) she has coronary artery disease;
or (d) none of the above.

Table VII—Results of serum CK test in patients with and without myocardial infarcts
Myocardial infarct
Serum CK
test result Present Absent
Positive predictive value
Positive 215 16 231 (predictive value of a positive test or post-test
likelihood or posterior probability of disease)
a 215
a|b a+h Satv 1 B
c|d c+d Negative predictive value
X (predictive value of a negative test or post-
Negative 15 114 129 . test likelihood or posterior probability of no
disease)
d 114
“erd 19 - 8%
atc|b+d
230 130 360 Prevalence (pretest likelihood or prior
i Sensitivity I Specificity i probability of disease)
l__a _ 215 i _ 4 _ 114 | ___ate 20 _ .
| a+c 230 |, b+d 1 : atb+c+d 360 v
i I |
! = 93% ' = 88% i
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When the patient walks through
your door her pretest probability of
coronary artery disease is only about
0.01, so her pretest odds are 0.01/(1
— 0.01) = 0.01/0.99 = 0.01:1. As
you talk with her, -however, you
learn that her pain is substernal,
more ‘“heavy” than painful, radiates
down her left inner arm, is brought
on by physical effort and is relieved
by 4 to 6 minutes of rest. In fact,
she has typical angina; the likeli-
hood ratio for the presence of this
symptom is enormous — that is,
over 100 (Table VI). So the first
diagnostic test, careful history-tak-
ing, produces a large change in the
likelihood of coronary artery dis-
ease, the calculation being 0.01
(pretest odds) X 100 (likelihood ra-
tio) = 1:1 (post-test odds). The
post-test odds can be converted to a
probability of 50% by calculating
odds/(odds + 1) = 1/2 = 50%, or by
consulting Table V. Alternatively,
you could have done all the calcula-
tions with the nomogram.

Having boosted the patient’s post-
test probability of coronary artery
disease to 40% to 60%, a range at
which most diagnostic tests are most
helpful, you suggest that an exercise

ECG be done. The ECG shows 2.2
mm of ST-segment depression. This
degree of depression has a likelihood
ratio of 11.1:1 (Table VI).

From both diagnostic tests you
can now determine the post-test
odds of coronary artery disease with
your standard formula, as follows:
from the history-taking the post-test
odds are 1:1 (0.01:1 [pretest odds] X
100:1 [likelihood ratio]) and from
the exercise ECG the post-test odds
are 10:1 (1:1 [pretest odds] X 10:1
[likelihood ratio]). With the post-
test odds of 10:1 for the second test,
the post-test probability is now
10/11, or 91%; therefore, the pres-
ence of coronary artery disease is
confirmed.*

You would get the same result
with the nomogram. However, when
you have the post-test probability
from the first test be careful to
reanchor your ruler at the pretest
probability for the second test.

This example shows us something

*Note also that if the patient had had less
than 0.5 mm of ST-segment depression the
likelihood ratio would be 0.23, and 1 X 0.23
= 0.23:1 = 19%. Thus, almost any result of
the exercise ECG would have been enormous-
ly useful clinically.

else. Look at the relative size of the
likelihood ratios for the brief, imme-
diate and relatively inexpensive his-
tory-taking and the longer, delayed
and relatively expensive exercise
ECG. There is no contest. The like-
lihood ratios for key points of the
history and physical findings for
both coronary artery disease and
most other target disorders are
mammoth and usually dwarf those
derived from most excursions
through high technology.

Also, use of the two independent
diagnostic tests for the same target
disorder now becomes much less
cumbersome. The likelihood ratios
for the different test results can be
rewritten as shown in the top panel
of Table VIII. Suppose that a pa-
tient who, is judged to have a pretest
probability of 10% for the target
disorder has positive results of both
tests. The calculations are in the
bottom panel of the table; you can
confirm the results with the nomo-
gram. Note that the post-test odds
for test A (1.554) are the same as
the pretest odds for test B. Note also
how very “robust” the strategy is:
even if we round off the likelihood
ratio from test A from 14 to 15 and

Table VIII—Likelihood ratios for two independent tests for the same target disorder
Likelihood
Test Sensitivity 1 — specificity ratio
A 0.70 -1 - 095 = 0.05 0.70 14
0.05
B 0.90 1 - 075 = 0.25 0.90 36
' 0.25 :
Pretest probability _ 010 _
1 — pretest probability  0.90 0.111 = pretest odds
Likelihood
Odds before X ratio with = Odds after
test A test A test A
Likelihood .
Type of Odds before X ratio with = Odds after
calculation test B test B tests Aand B
“Proper” 0.111 X 14 = " 1.554 X 3.6 = 5.594
“Rough” 0.1 X 15 = 1.5 X 4 = 6
Post-testodds =~ 5.594 - : 6 . -
Post-testodds + 1 ° 6.594 (“proper”) = 0.85; or 5 (“rough”) = 0.86
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that from test B from 3.6 to 4, we
get the same answer for the final
post-test odds. We could have re-
versed the order of the two tests. For
example, the rounded-off calculation
for test B is 0.1 X 4 = 0.4, and that
for test A is then 0.4 X 15 = 6, and
6/7 = 0.86.

The sequence of tests can be as
long as we want. If the tests are
independent the final post-test prob-
ability will be true. If the tests are of
the very common convergent sort
(i.e., test A’s result is more likely to
be positive when test B’s result is
positive than when the latter is neg-
ative), the final post-test probability
will overestimate the patient’s true
likelihood of disease. Conversely, if
the tests are of the rare divergent
_variety (i.e., test A’s result is more
likely to be negative when test B’s
result is positive than when the
latter is negative), the final post-test
probability will underestimate the
patient’s true likelihood of disease.

Summary

The use of simple maths with the
likelihood ratio strategy fits in nicely
with our clinical views. By making
the most out of the entire range of
diagnostic test results (i.e., several
levels, each with its own likelihood
ratio, rather than a single cut-off
point and a single ratio) and by
permitting us to keep track of the
likelihood that a patient has the
target disorder at each point along
the diagnostic sequence, this strate-
gy allows us to place patients at an
extremely high or an extremely low
likelihood of disease. Thus, the num-
bers of patients with ultimately
false-positive results (who suffer the
slings of labelling and the arrows of
needless therapy) and of those with
ultimately false-negative results
(who therefore miss their chance for
diagnosis and, possibly, efficacious
therapy) will be dramatically re-
duced.

The following guidelines will be
useful in interpreting signs, symp-
toms and laboratory tests with the
likelihood ratio strategy:

® Seek out, and demand from
the clinical or laboratory experts
who ought to know, the likelihood
ratios for key symptoms and signs,
and several levels (rather than just
the positive and negative results) of
diagnostic test results.
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® Identify, when feasible, the
logical sequence of diagnostic tests.

® FEstimate the pretest probabili-
ty of disease for the patient, and,
using either the nomogram or the
conversion formulas, apply the like-
lihood ratio that corresponds to the
first diagnostic test result.

® While remembering that the
resulting post-test probability or
odds from the first test becomes the
pretest probability or odds for the
next diagnostic test, repeat the pro-
cess for all the pertinent symptoms,
signs and laboratory studies that
pertain to the target disorder. How-
ever, these combinations may not be
independent, and convergent diag-
nostic tests, if treated as independ-
ent, will combine to overestimate the
final post-test probability of disease.

You are now far more sophisticat-
ed in interpreting diagnostic tests
than most of your teachers. In the
last part of our series we will show
you some rather complex strategies
that combine diagnosis and therapy,
quantify our as yet nonquantified
ideas about use, and require the use
of at least a hand calculator.
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