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A variety of noninvasive tests are available to clinicians
for the evaluation of patients in whom ischemic heart di-
sease is suspected because of chest pain, clinical ante-
cedents, or a combination of the two. Although all tests in
general help to varying degrees to refine (by inclusion or
exclusion) the diagnosis in a given patient, there are un-
doubtedly important differences between tests regarding
their scope and diagnostic accuracy in general, and with
respect to certain groups of patients in particular.
Because of this, and in view of the obvious economic im-
plications, the topic merits critical review before the infor-
mation obtained from these tests is used in patient mana-
gement. This review is not intended to cover all features
that argue for or against all currently available noninvasi-
ve tests for ischemic heart disease, but to place into pers-
pective the importance of the clinical assessment of the
patient in the light of the results of testing, and to obtain a
more rational idea of their usefulness. Despite the risk of
excluding certain material of interest, excellent techniques
such as magnetic resonance imaging will not be covered
in the review, only because they have not yet been inclu-
ded in meta-analyses. Emphasis on the Bayesian rationa-
le or paradigm, together with discussion of recent meta-
analyses, offers a balanced perspective of the use and
possible misuse of these diagnostic tests, and of their cli-
nical and economic implications.
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Perspectivas sobre la utilizacion de las modalidades
de imagen de estrés en la valoracion inicial de la
cardiopatia isquémica

Existe una variedad de pruebas no invasivas a disposi-
cién de los clinicos para ser utilizadas en la valoracion del
enfermo con sospecha de cardiopatia isquémica, ya sea
por presentar dolor toracico, por otros antecedentes clini-
€os 0 por una combinacion de éstos. A pesar de que, en
general, todas las pruebas contribuyen de forma variada a
refinar (afirmar o rechazar) el diagnéstico de un enfermo
en particular, no hay duda de que existen diferencias im-
portantes entre las diversas pruebas con respecto a su al-
cance y su certeza diagnostica en general, y mas adn en
algunos grupos de enfermos en particular. Por esto, y por
las obvias implicaciones econémicas, el tema merece un
repaso critico antes de utilizar, en el manejo clinico del en-
fermo, la informacién que se obtenga de estas pruebas.
Esta revision no pretende abarcar todos los aspectos a fa-
vor y en contra de todas las pruebas no invasivas de la
cardiopatia isquémica que estan disponibles en el mo-
mento, sino quiza poner en perspectiva la importancia de
la valoracion clinica del enfermo a la luz de los resultados
de las pruebas, para asi obtener una idea mas légica de
su valor. A riesgo de pecar por exclusion, técnicas exce-
lentes como la resonancia magnética no van a ser objeto
de repaso en esta ocasion sélo porque no han sido inlcui-
das hasta ahora en metaanalisis para este propésito. El
énfasis en el razonamiento o paradigma bayesiano y la
discusion de ensayos recientes de metaanalisis al respec-
to ofrecen una perspectiva equilibrada sobre el uso y posi-
ble uso indebido de estas pruebas diagnésticas, con impli-
caciones clinicas y econémicas.

Palabras clave: Pruebas de esfuerzo. Imagenes en
cardiologia. Paradigma bayesano.
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INTRODUCTION

There is much interest in being able to recognize
and diagnose ischemic heart disease in its earliest sta-
ges; the later disease is detected, the less effective the
different treatment alternatives become. Such interest
lends itself to a more aggressive use of stress tests, the
results of which help in making treatment decisions
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Fig. 1. Frequency distribution of a diagnostic test based on a «nor-
mal» cutoff, based on continuous variables. Reproduced by permis-
sion of the author, Edward Shortliffe, Columbia University, New
York, USA.

—decisions that have an enormous social and econo-
mic impact when patient populations are large. With
increased access to such testing now available, it has
become necessary to reappraise the clinical implica-
tions of the results (both with and without images) that
might be obtained. This paper reviews the concepts
behind the use of stress tests to help diagnose ischemic
heart disease in daily clinical practice, as well as the
implications of the results obtained.

SENSITIVITY AND SPECIFICITY

It is important to understand that the interpretation
of stress test results is something of a balancing act
between art and science. Even though there are esta-
blished criteria for differentiating between normal and
abnormal results, the differences are not always well
defined. This is one of the difficulties of using stress
tests in the diagnosis of ischemic heart disease, and in
good measure it accounts for the variability in the con-
clusions of those who interpret them. The reason for
these problems lies in the fact that the definition of an
abnormal test is not based on a strict, defined feature.
In many tests, including stress tests, true and false po-
sitives and negatives are based on continuous varia-
bles (Figure 1) rather than on fixed values. This raises
the question of how one defines the upper and lower
limits of normality. The experience of the observer,
and how «aggressive» or «conservative» he/she is
(Figure 2) in terms of maximizing diagnostic sensiti-
vity (i.e., detecting the proportion of patients with the
disease through a positive result), plays an important
role in this. As a rule, increased sensitivity (by taking
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Fig. 2. Changes in the results of a diagnostic test depending on whet-
her the interpreter is either «more strict» (higher specificity) of «less
strict» (higher sensitivity) in the interpretation of the test. Reproduced
by permission of the author, Edward Shortliffe, Columbia University,
New York, USA.

an aggressive interpretive stance) is usually accompa-
nied by a reduction in specificity (the proportion of
patients without the condition and which actually had
a negative result).

Any additional information that helps clinicians
make a diagnosis with respect to heart disease can mo-
dify their interpretation of future stress test results.
Correlating the interpretation of the latter with coro-
nary angiography results is essential in both initial and
continuing training of medical staff. Auxiliary infor-
mation is often used in the interpretation of stress
tests. For example, as well as the post-stress electro-
cardiographic or myocardial flux responses, and indi-
cations of regional or global function (as in stress tests
which provide images), the characteristics of the pain
suffered by the patient (if experienced during the test)
and the duration of exercise, etc. are important. Even
more important is the patient’s pretest clinical infor-
mation, which can influence both the sensitivity and
specificity of the test as well as its predictive power
(both positive and negative).

BAYESIAN PARADIGM

The concepts discussed by Bayes' in his work pu-
blished in 1763 have been used in many ways in car-
diology, but particularly with respect to how stress
tests should be interpreted when used in the diagnosis
of ischemic heart disease.

The Bayesian paradigm? allows the a priori probabi-
lity of disease being present to be taken into account
and related to the information obtained from a diag-
nostic test. This provides more objective inferences
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with which one can calculate the a posteriori probabi-
lity of disease being present. This is equivalent to the
(positive or negative) predictive power of the test, and
allows more exact conclusions be drawn from the test
results. In essence, the Bayesian paradigm establishes
that the confidence one can place on any diagnostic
test is defined by its sensitivity and specificity, but
more importantly, that the certainty with which a test
can confirm a disease depends on its prevalence in the
population to which the patient belongs.** Knowing
the prevalence of a disease and the sensitivity and spe-
cificity of the tests used allows one to calculate the
probability that a patient with a positive result actually
has the disease. One can therefore calculate the proba-
bility that a patient actually has a given condition
when his/her test results are positive (positive predicti-
ve power) as well as the probability that he/she does
not have the disease when the test results are negative
(negative predictive power). In clinical practice,
knowledge is required in order to make decisions on
clinical management, on changes to therapy, or when
recommending angioplasty or surgery —and it is vital
to know the likelihood that a patient really has the pro-
blem the test results suggest. Herein lies the difference
in the Bayesian focus. In clinical practice it is also im-
portant to know the positive or negative predictive po-
wer of the diagnostic tests used, not just their sensiti-
vity or specificity.

In current medical practice, great emphasis is placed
on defining the practical impact of and the justification
for® any diagnostic tests used, as well as their cost-ef-
fectiveness.® The idea is that the optimum use of a test
should provide information in excess of that which can
be gleaned from clinical data alone. The argument of-
ten used against Bayesian concepts (and which reflects
the main difficulty in their use) arises from the need
for prior information on the disease in the form of a
working model, its prevalence (the a priori probabi-
lity), or the proportion of subjects known to have the
disease before the test was done. Such information can
be subjective. However, with respect to the clinical
use of stress test results in the diagnosis of ischemic
heart disease, external data are available from studies,
based on the examination of hundreds or thousands of
patients, that establish a correlation between angio-
graphically-confirmed, significant coronary artery
obstruction and clinical data. The American Heart
Association, in collaboration with the American
College of Cardiology, have published these data’ in
guidelines for the clinical assessment of patients. This
study® took into account the sex of the patients, plus
the characteristics of any precordial pain. The results
were similar to those obtained in the CASS (Coronary
Artery Surgery) trial,” and later confirmed by Pryor et
all® (Table 1).
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This table has been adapted from the various guide-
lines available,”® and the values it contains refer to the
percentage of persons with significant obstruction as
confirmed by coronary angiography. Factors other
than those mentioned in the table that increase the
number of patients identified with angiographically-
confirmed ischemic heart disease include a history of
smoking, electrocardiographic abnormalities at rest (Q
waves or changes in the T wave or the ST segment),
hypercholesterolemia and diabetes (the greatest risk
factor). The clinical description of chest pain has been
the subject of work by other authors!!" who describe
the pain of classic angina as retrosternal, as a feeling
of heaviness or pressure on the chest, or sometimes as
a burning sensation provoked by stress or emotions.
This pain is rapidly alleviated by rest or nitroglycerin.
The pain of nonclassic or atypical angina is a stabbing
sensation in the left side of the chest, abdomen, back
or arm, with no manifestation in the center of the
chest. It is not related to exercise and does not impro-
ve with nitroglycerin but rather with antacids. It is so-
metimes described as palpitations without chest pain.

The a priori probability expressed as a percentage in
Table 1 can also be expressed as the number of times
an event happens over the number of times it does not
happen i.e., the odds ratio (OR). To lend coherence to
the ideas in the different sections of this review, let us
examine the hypothetical case of a 52-year-old woman
who presents with clinical nonclassic or atypical angi-
na. Table 1 shows that 31.1% of similar patients to
have significant coronary obstruction. This figure can
also be expressed as the probability of the condition
being present over the probability that it is not present
(range=0-1), i.e., OR=0.31 divided by 1 minus the OR
that it is present (1-0.31=0.69):

OR before the test=0.31/1-0.31
=0.31/0.69, or 0.44

Once the a priori probability is known, it needs to
be adjusted to render a likelihood ratio. This depends
on the trustworthiness of the diagnostic test being used
(in this case the stress test) with respect to its yield of
true negatives and positives. The likelihood ratio of a
test has both a positive and a negative expression,
which are defined in the following way:

Positive likelihood=sensitivity/(1-specificity)

(the probability of the test being positive for a pa-
tient who has the disease, over the probability that a
positive result is obtained for a healthy person).

Negative likelihood ratio=(1-sensitivity)/specificity

(or the probability that the test will give a negative
result for someone who really has the disease, over the
probability that it will give a negative result for a he-
althy person).
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TABLE 1. Patients (%) with evidence of significant coronary artery obstruction according to age, sex and chest

pain characteristics

Nonangina pain

Nonclassic angina Classic angina

Age (years) Men Women Men Women Men Women
30-39 4 2 34 12 76 26
40-49 13 3 51 22 87 55
50-59 20 7 65 31 93 73
60-69 27 14 72 51 94 86

From these definitions it is can be deduced that the
best diagnostic test is that with the highest positive
and the lowest negative likelihood ratio.

If our hypothetical patient undergoes a diagnostic
test with a sensitivity of 85% and a specificity of 75%
(according to reliable clinical assays or meta-analy-
ses), then its likelihood ratios can be determined thus:

Positive likelihood ratio=0.85/(1-0.77)
=0.85/0.23, or 3.69
Negative likelihood ratio=(1-0.85)/0.77, or 0.19

Once in possession of the likelihood ratios and the
a priori probability, the a posteriori probability (the
predictive power of the test) can be determined. This
can tell us both the proportion of individuals who
have the disease and who will obtain a positive test
result (positive predictive power), and the proportion
of individuals who do not have the disease and who
will obtain a negative result (negative predictive po-
wer).

Specifically, the

OR after a test=OR before the test x likelihood ratio

To calculate the OR after a positive test, one multi-
plies the OR before the test by the positive likelihood
ratio. In the same way, to calculate the OR after a ne-
gative test, one multiplies the OR before the test by
the negative likelihood ratio.

According to the clinical example described above:

OR after a positive=0.44 x 3.69, or 1.62

A posteriori probability=1.62/(1+1.62)
=1.62/2.62, or 0.619 (approximately 62%)

In other words, a positive result in the diagnostic test
in this patient has a positive predictive power of 62%
—much greater than the a priori probability of 31%
based on clinical information alone.

Similarly, if the test had been negative:

OR after a negative test=0.44x0.19, or 0.08

A posteriori probability=0.08/(1+0.08), or 0.074 (ap-
proximately 7.4%)
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Performing the test with this patient would lead to
large deviations from the a priori probability, sugges-
ting that it might provide very useful information and
significantly alter the predictions that could be made
from clinical data alone.

PRACTICAL CONSIDERATIONS

The clinical case described illustrates how to make
optimal use of stress tests for patients in whom ische-
mic heart disease is suspected. In clinical practice, pa-
tients are generally classified as having either very low
(2-12%), low (4-22%), intermediate (13-76%) or high
(>87%) a priori probability. These are approximate,
non-numerical data'> but are used in Table 1.7
Although it is very common to speak of a very low,
low, intermediate or high likelihood of ischemic heart
disease, it is important to be aware of the range of nu-
merical values corresponding to these classifications.
In the example used here, the patient was classified
with intermediate probability, and therefore perfor-
ming the test was very useful. For patients with very
low, low or high a priori probability, performing the
test would not be so helpful. In a patient with low a
priori probability, a positive test would not change the
predictive power. Similarly, in patients with high a
priori probability, a negative result would not reduce
their chances of actually having the disease.

Further practical considerations can be derived from
the meta-analyses'>'* shown in Table 2, and from ac-
cumulated clinical experience."

In patients with symptoms or in those with atypical
pain, a negative stress test (especially if echocardio-
graphic or nuclear medicine images are available) can
almost completely rule out ischemic heart disease. If
the test were positive, but only at high stress levels
(e.g., after 12 min on the treadmill using the Bruce
protocol), the chance of there being significant heart
disease (e.g., of the main trunk of the anterior descen-
ding coronary artery, or obstruction of three vessels)
would be low. Therefore, such patients have a good
long-term prognosis. Only if the test were markedly
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TABLE 2. Meta-analysis of exercise tests in ischemic heart disease

Sensitivity Specificity Positive likelihood ratio Negative likelihood ratio
Electrocardiogram™ 52% 71% 1.79 0.67
Nuclear medicine™ 87% 64% 2.41 0.20
Echocardiography'® 85% 7% 3.69 0.19
Electrocardiogram'* 61% 70% 2.30 0.55
Nuclear medicine™* 78% 64% 2.90 0.36
Echocardiography'** 86% 79% 4.30 0.18

*Includes tests done only on women. The values are expressed as the mean of several studies without confidence intervals.

positive in the electrocardiogram and in the images —
and at low stress— would coronary angiography be
justified. If the a priori probability is intermediate in
someone who is free of symptoms, tests providing
images would be more helpful.

In patients with nonclassic or atypical angina, the a
priori probability is intermediate —around 50% if all
ages and both sexes are taken into account. If a patient
has two positive stress tests, this might increase to as
high as 90%. If, however, both tests were negative, it
may decrease to just 5%. If there were variations or
discrepancies, the case would have to be individually
reviewed. Patients with atypical pain and with abnor-
mal images or high cardiac frequency at low stress
have a greater chance of having ischemic heart disease
than do those with only subtle image abnormalities
and no pain at high stress levels. In patients with clas-
sic angina, the a priori probability is more than 90% if
all factors are taken into account. In such cases, stress
tests are used not so much to diagnose or rule out is-
chemic heart disease, but to evaluate how serious the
patient’s condition is and to provide a prognosis. This
can guide coronary angiography and percutaneous re-
vascularization by identifying the areas of the myocar-
dium at greatest risk.

CONCLUSIONS

This paper provides some perspective on the practi-
cal use of stress tests in cardiology after the clinical
evidence is in hand. It does not, however, examine im-
portant areas such as diagnosis by magnetic resonance
imaging with drug stimulation, or (electron beam)
computerized tomography. Although these have great
merit and are perhaps more important than echocar-
diography or nuclear medicine, they are more recent
techniques and have not been the subject of frequent
meta-analyses. Clinicians should rely on the expertise
of their work environment, and base their diagnoses
on the type of results with which their hospital has the
most interpretive experience. They should also main-
tain their efforts to correlate any results obtained with
the findings of coronary angiography, bearing in mind
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that this can also be affected by variations in subjecti-
ve interpretation.
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