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Current status of stress
echocardiography in the diagnosis
of coronary artery disease
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W8 Stress echocardiography is a cost-effective and
reliable diagnostic test for patients with suspected coronary ar-
tery disease.

i Stress echocardiography should be used in prefer-
ence to exercise electrocardiography as the primary test in pa-
tients with uninterpretable ST segments. It is attractive for
use as the primary test in patients with coexisting valvular dis-
ease. [t probably is the optimal test for women.  Stress echo-
cardiography should be used as a secondary test when the
result of exercise electrocardiography is inconsistent with the
clinical status.  In patients requiring nonexercise stress test-
ing, an imaging test is mandatory.  The ability of stress echo-
cardiography to identify the location and extent of
myocardial ischemia makes it appropriate in situations where
decisions regarding revascularization will be made on these
grounds.  The overall accuracy of stress echocardiography
and petfusion scintigraphy is comparable in expert hands, but
one must always consider the expertise of the operator and
the quality of each test in the environment in which it is per-
formed.
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TRESS echocardiography

is now an accepted test for

diagnosing coronary artery

disease. This article con-
siders its use in routine clinical
practice and discusses strengths
and shortcomings that the order-
ing physician needs to know about.
We outline the principles of stress
echocardiography and analyze its
feasibility and practical considera-
tions, its accuracy for diagnosing
significant coronary stenoses, and
its role in relation to other nonin-
vasive tests.

PRINCIPLES

Echocardiography is able to de-
tect regional left ventricular dys-
function that develops in myocar-
dium that has become ischemic in
response to stress (Figure).
chemic regional myocardial dys-
function is an early event in the
“ischemic cascade,”’ upon which
the whole rationale of cardiac
stress imaging is based. In contrast,
the standard clinical markers of
myocardial ischemia—angina and
ischemic ST-segment depression—
usually occur after prolonged stress
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FIGURE. Freeze-frame images of the left ventricle in dias-
tole (on the left) and systole (on the right) before exercise
(above) and following exercise (below) in a quad-screen dis-
play. Resting wall motion is normal; after stress, the an-
teroseptal wall fails to contract (arrows), consistent with
the development of myocardial ischemia.

and at a high level of cardiac work (measured as the
rate-pressure product). These late events are pre-
ceded by regional dysfunction and perfusion defects,
which themselves are preceded by flow heterogene-

ity.
FEASIBILITY AND PRACTICAL ISSUES

The images shown in the Figure are deceptive in
that they do not illustrate the skills required to
adequately perform stress echocardiography and in-
terpret the results. The performance of stress echo-
cardiography mandates the availability of a good
two-dimensional echocardiography machine, a de-
vice for digitizing the echocardiographic images, a
stress system able to control this digitizing device, a
trained technician, and an expert observer. In prac-
tical terms, the referring physician must first select
the stressor, ie, either exercise or a pharmacologic
stressor, each of which has various alternatives. Of
the former, bicycle stress is the most sensitive for
detecting coronary artery disease, as it permits the
acquisition of images at peak stress. (Ischemia may
resolve rapidly after stress.) However, it has the dis-
advantage of being technically more difficult than
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treadmill studies. Of the pharmacologic stressors,
dobutamine is the optimal agent. A comparison of
dobutamine and the vasodilators adenosine and
dipyridamole is presented below.

One of the benefits of using echocardiography (in
preference to the other stress imaging tests) is the
ability to examine cardiac structure and function
before stress using M-mode and Doppler techniques.
However, there is often too little time for a complete
Doppler study within the confines of a standard stress
echocardiography schedule; patients with complex
valvular problems may need special arrangements for
a full resting study. Electrodes are positioned for
stress electrocardiography (ECG) in the usual fash-
ion and may be adjusted out of the echocardiog-
raphic windows if required. After stress, images
should be acquired as rapidly as possible, optimally in
less than 1 minute. Satisfactory images should be
obtainable in more than 95% of patients.”

Once the quad-screen image has been acquired,
the next task is to identify the presence of normal,
ischemic, or infarcted myocardium.’ In general, this
is currently performed by qualitatively comparing
wall motion at rest and under stress using the algo-
rithm shown in Table 1.

Normal myocardium is characterized by normal
function at rest and augmented function after stress.
There is some heterogeneity of contraction in the
normal heart, and normal segments may be hypoki-
netic at rest; such hypokinetic areas should improve
with maximal stress (though this may not be true
with pharmacologic or submaximal exercise stress).

Ischemic myocardium is characterized by normal
function at rest and some degree of deterioration
after stress. Classically, deterioration of function has
been used as the hallmark of ischemia; more subtle
indices include failure to improve and delayed con-
traction, both of which are more readily appreciated
using the side-by-side comparison available with the
digital technique. Finally, and usually in the pres-
ence of severe or extensive coronary artery disease,
the global function of the left ventricle deteriorates,
with a reduction of ejection fraction and increasing
systolic volumes.

Infarction is identified if a segment shows akinesis
or dyskinesis at rest. These patterns do not, however,
preclude the presence of viable myocardium, which
may be identified by improvement of regional func-
tion in response to low-dose dobutamine stress. In
contrast, a truly akinetic area that appears to im-
prove after exercise most likely reflects visualization
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of adjacent segments or ro-

R . TABLE 1
tational and translational

CRITERIA FOR THE QUALITATIVE EVALUATION OF STRESS ECHOCARDIOGRAPHY

cardiac movement.

’ P Diagnosis Resting function Peak and post-stress function

This qualitative system 9 9 P
of evaluation has been Normal Normal Hyperkinetic or normal

gou s ; (depending on stress)
criticized for being overly . :

bi 2 d Ischemic Normal Reduction vs rest
subjective, and attempts Reduction vs other hyperkinetic segments
have been made to stand- Delayed contraction
ardize the grading of wall Hypokinetic Reduction compared with rest
motion and the segments Infarction Akinetic or dyskinetic Not interpretable

in which wall motion is
evaluated. One such
method is the 16-segment
model adopted by the
American Society of Echocardiography, in which
various degrees of abnormal movementare scored in
proportion to the severity of wall-motion distur-
bance.* The importance of the learning curve in
this subjective assessment cannot be overrated.
While the length and content of the optimal
training period are ill defined, data obtained using
pharmacologic stress echocardiography suggest
that it should comprise about 100 supervised stud-
ies.’

Apart from being subjective, this method has a
number of other shortcomings. Image quality is ob-
viously critically important, and for the study to be
meaningful, comparisons need to be made in the
same imaging planes. There may be particular prob-
lems after a myocardial infarction: first, because ab-
normal regional wall motion adjacent to the infarct
site after stress may be a manifestation of ischemia
or “tethering,” and second, because left ventricular
dysfunction at rest is not necessarily synonymous
with infarction.

Stress echocardiography offers a wealth of diag-
nostic information that is not limited to the pres-
ence or absence of myocardial ischemia. Resting
images may provide important diagnostic informa-
tion independent of the presence or absence of coro-
nary artery disease, such as the presence of pericar-
dial disease, hypertrophic cardiomyopathy, or
valvular disease. The presence or absence of stress-
induced wall-motion abnormalities, the extent and
severity of these abnormalities, the time of onset
during stress, and their duration after stress are all
indices of the severity of coronary artery disease.
The site of coronary stenoses may also be identified.
Finally, global left ventricular function may be
evaluated either qualitatively or quantitatively at
rest and during stress.
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ACCURACY OF EXERCISE ECHOCARDIOGRAPHY

The sensitivity of exercise echocardiography is
calculated as the proportion of patients with “signifi-
cant” coronary artery disease (generally defined as >
50% stenosis in one or more major coronary vessels)
who have abnormal test results. Specificity relates to
the number of patients without significant coronary
artery disease who have normal test results. Table 2
documents these values in several large studies.®"

The sensitivity of echocardiography after tread-
mill exercise at The Cleveland Clinic Foundation,
reported in 1991, was 84% overall and 80% among
patients with coronary artery disease without pre-
vious infarction.® In single-vessel disease, the sensi-
tivity was 81% overall and 68% in those without
previous infarction; in multivessel disease the sensi-
tivities were 87% and 96%, respectively. In the
overall group, the specificity was 86% and the accu-
racy was 85%; in those without infarction, the accu-
racy was 81%.

Incorrect results are not readily predictable on
the basis of patient population or test variables: age,
sex, weight, and medical therapy have no impact on
the accuracy of the test. False-negative results may
occur in patients who undergo submaximal stress
(achieving < 85% of the predicted maximal heart
rate), and those with moderate (50% to 70%) coro-
nary stenoses and single-vessel disease. Other widely
discussed causes of false-negative studies are the
presence of stenoses that do not limit flow, operator
inexperience, delay in imaging after exercise, an-
tianginal medication, and inadequate images after
exercise.

Although the sensitivity for detecting coronary
artery disease was greater in patients with multives-
sel disease in our study, the ability to predict the
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TABLE 2
ACCURACY OF EXERCISE ECHOCARDIOGRAPHY

FOR DIAGNOSING CORONARY ARTERY DISEASE (> 50% STENOSIS) IN LARGE STUDIES*

i

Author Technique' Number of patients Sensitivity, % Specificity, %
Overall With With Without Overa Wit Without
cap® svD® Mi SVD i

Armstrong, 1987° Treadmill 123 101 42 51 88 81 78 86
Crouse, 19917 Treadmill 228 175 66 - 97 92 — 64
Marwick, 19928 Treadmill 150 114 60 59 84 77 80 86
Quinones, 19927 Treadmill 112 86 41 — 74 58 — 81
Hecht, 19930 Supine bicycle 180 137 55 82 93 84 100 86
Ryan, 1993 Upright bicycle 309 211 85 126 91 86 95 78

i T AR W S

E - S
*Adapted in part from Marwick T. Stress echocardiography. Boston: Kluwer, 1994, with permission

All studies used image digitization
Coronary artery disease

Ssingle-vessel disease

"Myocardial infarction

presence of multivessel disease as such varied ac-
cording to whether the patients had previous in-
farction. In the 26 patients with previous infarction,
multivessel disease was correctly recognized as such
in 81%, showing that stress echocardiography is ef-
fective in identifying “ischemia at a distance.” In
contrast, in those without previous infarction, the
presence of multivessel disease was predicted cor-
rectly in only 50%. The latter reflects two phenom-
ena: observers tend to concentrate on the most ab-
normal segment, and ischemic symptoms arising
from one stenosis limit exercise before a significant
wall-motion abnormality caused by another
stenoses becomes apparent.

The only avoidable causes of false-negative stress
echocardiograms are delay in imaging after exercise
and submaximal exercise. Patients who are either
unable to exercise or likely to exercise submaximally
should undergo nonexercise stress. These nonexer-
cise protocols include pharmacologic, pacing, and
physiologic stimuli (such as the cold-pressor test);
the pharmacologic stimuli are the best tolerated in
our experience.

PHARMACOLOGIC STRESS ECHOCARDIOGRAPHY

The pharmacologic agents include dobutamine
(a beta-sympathomimetic agonist that simulates ex-
ercise by increasing the heart rate and blood pres-
sure) and the coronary vasodilators dipyridamole
ant adenosine (which provoke perfusion heteroge-
neity but less commonly cause ischemic wall-mo-
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tion abnormalities). The side effects limiting the
completion of these protocols are similar'?; in the
case of adenosine, approximately one third of tests
are terminated prematurely, most commonly be-
cause of dyspnea or symptomatic hypotension. The
dobutamine test is terminated prematurely less fre-
quently, most commonly because of asymptomatic
hypotension, arrhythmias, and hypertension. Com-
pared with vasodilators, dobutamine causes a signifi-
cantly greater increase in peak heart rate, systolic
blood pressure, and rate-pressure product. Because
dipyridamole provokes lower cardiac work loads,
vasodilator stress echocardiography is significantly
less sensitive than dobutamine echocardiography
(Table 3)."*" As there is no significant difference in
specificity between these agents, the Department of
Cardiology at the Cleveland Clinic performs phar-
macologic stress testing only with dobutamine.
Pharmacologic stress echocardiography is techni-
cally less challenging than the exercise techniques
because the patient is stationary, and for this reason
there has been considerable interest in using it in
preference to exercise testing. However, exercise
constitutes a significantly more vigorous hemody-
namic stress than does dobutamine, manifested as a
higher heart rate, blood pressure, and rate-pressure
product. Although there is no significant difference
in specificity between the two tests, the sensitivity
of dobutamine testing is comparable to that of exer-
cise echocardiography only in patients who receive
maximal doses of dobutamine or attain an ischemic
endpoint.”®?! Exercise echocardiography is substan-

VOLUME 62 « NUMBER 4

Downloaded from www.ccjm.org on August 15, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

TABLE 3
SENSITIVITY AND SPECIFICITY OF ECHOCARDIOGRAPHY WITH PHARMACOLOGIC STRESS*

Author Technique’ Significant Number of patients Sensitivity,% Specificity,%
stenosis, % Overall With With Overa Wit
cap*  svp® SVD
Marwick, 1993'  Adenosine 0.18 pig/kg/min > 50 97 59 31 58 52 87
Picano, 19862 Dipyridamole 0.84 mg/kg > 70 93 72 12 74 50 100
Mazeika, 1991'*  Dipyridamole 1.0 mg/kg >70 55 40 10 40 0 93
Marwick, 1993'>  Dobutamine 40 pg/kg/min > 50 217 142 68 72 66 83
Marcowitz, 1992'® Dobutamine 30 pg/kg/min >50 141 109 62 9% 95 66
Mazeika, 1992'7  Dobutamine 20 ug/kg/min >70 50 36 12 78 50 93
Sawada, 1991'®  Dobutamine 30 ug/kg/min > 50 103 81 38 95 89 77
Cohen, 1991"° Dobutamine 40 pg/kg/min >70 70 51 16 86 69 95

*Adapted from Marwick T. Stress echocardiography. Boston: Kluwer, 1994, with permission
fLow-dose positivity permits conclusion of study before stated “peak” dose

*Coronary artery disease
§Single-vessel disease

tially more sensitive than dobutamine echocardiog-
raphy in patients treated with beta blockers or un-
able to conclude the test. Indeed, even in patients
who have a positive test by both techniques, the
extent of wall-motion abnormality is significantly
greater during exercise than during dobutamine
testing.”’ Thus, even though the image quality of
dobutamine echocardiography may be better than
that of exercise echocardiography, the diagnostic
certainty of the observer may be lower, owing to the
smaller area of ischemia in these positive tests.

COMPARISON OF STRESS ECHOCARDIOGRAPHY
WITH STRESS ECG

ST-segment depression during stress is the stand-
ard clinical criterion for myocardial ischemia, but
the wide acceptance of stress ECG should not hide
its limitations. Many patients have repolarization
abnormalities that make the electrocardiogram un-
interpretable, while others cannot exercise maxi-
mally. Indeed, patients who exercise maximally and
have interpretable ST segments may account for
only 35% of patients referred to some exercise labo-
ratories at tertiary care hospitals.” We should con-
sider these groups separately in comparing exercise
echocardiography with exercise ECG. An uninter-
pretable stress electrocardiogram is already accepted
as a standard indication for a stress imaging test,’
and this will not be discussed further in this review.
Stress ECG is particularly difficult in women, who
frequently have false-positive results.”’ Stress echo-
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cardiography does not share this inaccuracy,** but
whether stress echocardiography can be justified as
the test of first choice in all women with suspected
coronary artery disease remains to be determined.

Largely because of referral bias, the reported ac-
curacy of stress ECG varies widely. In men, both
sensitivity and specificity show average values of
about 73%; in women, the average sensitivity is
65% and the specificity is 71%.” In our experience,®
even after excluding patients with myocardial in-
farction and nondiagnostic stress electrocardio-
grams, the sensitivity of exercise ECG was 63%,
significantly lower than that of exercise echo-
cardiography (87%). The specificity of exercise
ECG was somewhat lower, ie, 74% compared with
82% for exercise echocardiography, but in this
population the difference did not reach statistical
significance. The accuracy was also significantly
less. These results are consistent with others in the
literature, showing a significantly better sensitivity
with exercise echocardiography as well as a trend to
higher specificity, which did not reach statistical
significance in individual studies because of smaller
population numbers.

In patients who undergo pharmacologic stress
testing because they cannot exercise, stress ECG is
insensitive for coronary artery disease. In 120 pa-
tients with interpretable stress electrocardiograms
who underwent two-dimensional echocardiography
and technetium-99m-methoxyisobutyl isonitrile
(MIBI) scintigraphy in addition to ST-segment
evaluation, the sensitivity of stress ECG was signifi-
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TABLE 4

COMPARISON OF SENSITIVITY AND SPECIFICITY OF ECHOCARDIOGRAPHY .
AND MYOCARDIAL PERFUSION IMAGING AFTER VARIOUS STRESSORS FOR DETECTING CORONARY ARTERY DISEASE

R TR R A BRI M
Author Technique Nuclide Number Overali Sensmvnty Overall
of patlents sensitivity, % inSVD,x%  specificity, %

Overall With CAD With SVD Echo Nuclear Echo Nuclear Echo Nuclear

Quingnes, Treadmill Thallium 112 86 41 74 76 58 61 88 81

1992

Marwick,  Adenosine migt" 97 59 31 58 86 52 81 87 71

1993'%

Marwick, Dobutamine MIBI 217 142 68 72 76 66 74 83 67

1993'°8

Pozzoli, Upright bicycle MIBI 75 49 33 71 84 60 82 96 88

1991%%1

Hecht, Supine bicycle Thallium 71 51 22 90 92 77 95 80 65

1993%

SRR R T

*All studies used > 50% stenosis as the criterion for coronary artery disease, and all studies used single-proton emission
computed tomography; adapted from Marwick T. Stress echocardiography. Boston: Kluwer, 1994, with permission

TCoronary artery disease
*Smgle -vessel disease

Excluded patients with previous myocardial infarction
Mechnetium-99m- methoxyisobutyl isonitrile

Excluded patients with abnormal resting electrocardiographic findings

cantly lower than that of the imaging tests in pa-
tients with coronary artery disease of all degrees of
severity.”® However, the specificity of stress ECG
was high, a pattern that may suggest the use of
inappropriate diagnostic criteria. In order to deter-
mine whether other criteria should be used during
dobutamine stress, we investigated various ST-seg-
ment criteria, using receiver operating curve analy-
sis to determine the ST-segment level giving the
optimal sensitivity and specificity. Unfortunately,
no other cutoff offered substantially greater sensi-
tivity.

To conclude, exercise echocardiography should be
used in preference to exercise ECG as the primary
test in patients with uninterpretable ST segments. It
is attractive for use as the primary test in patients
with coexistent valvular disease, and it probably is
the optimal test for women, although the acceptance
of this conclusion will need further data. It should be
used as a secondary test when the exercise ECG
result is inconsistent with the clinical status. In pa-
tients requiring nonexercise stress testing, an imag-
ing test is mandatory. Finally, the ability of stress
echocardiography to identify the location and extent
of myocardial ischemia makes it appropriate in situ-
ations where decisions regarding revascularization
will be made on these grounds.
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STRESS ECHOCARDIOGRAPHY VS PERFUSION
SCINTIGRAPHY

The place of stress echocardiography in relation
to nuclear stress imaging techniques in the investi-
gation of coronary artery disease remains controver-
sial. An observation of overwhelming importance in
this respect is that although there is less reported
variation regarding the sensitivity and specificity of
perfusion scintigraphy than there is for exercise
ECG, there are nonetheless important variations,”’
which relate not only to patient referral but also to
the quality of the test and its interpretation. Both
tests should be interpreted by experts for compari-
sons between stress echocardiography and nuclear
studies to be meaningful. The corollary of this state-
ment is that good, comparative studies between the
techniques are not applicable to clinical practice
unless the appropriate expertise is available to pro-
vide data of similar quality.

Comparisons of stress echocardiography and per-
fusion scintigraphy, performed by groups who have
expertise in both tests, are summarized in Table
421015288 The sensitivity of stress echocardiogra-
phy is comparable to that of perfusion scintigraphy,
the only exception being a marked inferiority of
vasodilator stress echocardiography compared with
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perfusion scintigraphy, which reflects the inadequa-
cies of vasodilator stress for echocardiography dis-
cussed above. The slightly lower sensitivity of stress
echocardiography as compared with perfusion scin-
tigraphy in many studies may reflect a lower sensi-
tivity for single-vessel disease, demonstrated to be
statistically significant in one study.”® The two tests
have comparable sensitivity in patients with mul-
tivessel disease. These results are concordant with
the initial discussion of the ischemic cascade: in the
presence of single-vessel disease the amount of is-
chemia is small and a degree of flow heterogeneity
is likely to be apparent using scintigraphic tech-
niques before metabolic and wall-motion evidence
of ischemia emerges.

Several studies show that echocardiography has
greater specificity than does perfusion scintigraphy.
Preliminary data suggest that in some subgroups of
patients without coronary artery disease, stress
echocardiography may have particular advantages.
In 38 patients without myocardial infarction or sig-
nificant coronary artery disease who underwent per-
fusion scintigraphy and stress echocardiography, the
specificity of perfusion scintigraphy was significantly
lower in patients with left ventricular hypertrophy
or left bundle branch block than in those without
these abnormalities, 50% vs 85%." These findings
are concordant with the results of separate studies,
which show that perfusion scintigraphy has prob-
lems in identifying coronary artery disease in the
setting of left ventricular hypertrophy that are not
shared by stress echocardiography. Similarly, con-
duction defects pose problems for the specificity of
exercise perfusion scintigraphy, but probably not
stress echocardiography.

The results discussed above focus on the relative
ability of echocardiography and perfusion scintigra-
phy to identify the presence of coronary artery dis-
ease. An equally important matter pertains to the
ability of the two tests to differentiate myocardial
ischemia and infarction—a more difficult analysis
because segments demonstrating either abnormal-
ity are subtended by coronary stenoses, and no
ready “gold standard” is available. In patients with-
out resting wall-motion abnormalities, there is a
high concordance between the findings of stress
echocardiography and those of thallium imaging in
detecting ischemic wall-motion abnormalities.® In
contrast, in those with resting wall-motion abnor-
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malities, there was discordance between the tests
caused by diagnosis of ischemia by thallium imaging
in many of these segments. Because of the difficul-
ties in discerning minor degrees of change within
dysfunctional segments, perfusion imaging may be a
more accurate indicator of the presence of is-
chemia, but this issue remains to be resolved.

To summarize, the overall accuracy of both stress
echocardiography and perfusion scintigraphy is
comparable in expert hands. The sensitivity of per-
fusion scintigraphy may be greater than that of stress
echocardiography, particularly in patients with sin-
gle-vessel disease. However, the specificity is signifi-
cantly greater with echocardiography, especially in
the settings of left ventricular hypertrophy and left
bundle branch block. Finally and probably most im-
portantly, one must always consider the expertise of
the operator and the quality of each test in the
environment in which it is performed. Good scinti-
graphy can always be expected to be better than bad
stress echocardiography, and conversely, good echo-
cardiography can be expected to be better than bad
scintigraphy.

Although the growth of stress echocardiography
as a clinical test was initially slow, its acceptance has
grown recently, driven partly by cost considerations
and partly by the technical developments that en-
hanced image quality. Its current form is probably
not the zenith of its development; the technique
continues to evolve, and future developments
should reduce concerns about image quality and
subjectivity. The next advancements are expected
to improve edge detection, provide techniques for
better analysis which may facilitate quantitation of
results, and enable identification of ultrasonic sig-
nals of myocardial ischemia in addition to wall-mo-
tion abnormalities.

Currently, stress echocardiography is as imperfect
as any of the stress imaging tests for the diagnosis of
coronary artery disease. Its disadvantages are its tech-
nical challenge and subjectivity, but these are bal-
anced by its specificity for ischemia and ability to
examine other aspects of valvular function. On the
basis of available data, stress echocardiography repre-
sents a cost-effective and reliable diagnostic test for
patients with suspected coronary artery disease.
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