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Echocardiography combined with either exercise or pharmacological stress is a widely used
method for the noninvasive assessment of coronary artery disease. Thisis dueto the high diagnostic
accur acy that doesnot differ substantially among the various stressmodalities. In addition, stressechocar -
diography hasa useful rolein risk stratification of patientswith known or suspected coronary artery
disease. In particular, evidence of inducibleischemia is predictive of an unfavor able outcome, whilst
its absenceis associated with a very low risk of future cardiac events. These findings have strong im-
plicationsin clinical decision-making.

Oneof themain characteristics of the echographic marker of ischemiaisthat it issignificantly more
specific than the electrocar diographic one. The higher specificity of stressechocardiography trandates
intoincreased prognostic value ascompared to exer cise electrocar diogr aphy. Nevertheless, exercise elec-
trocar diography hasa very high negative predictive value. M oreover, compared to stress echocar dio-
graphy it is safer, simpler, less costly and requires no specific competence. Based on these data, exer-
cise electrocar diogr aphy remainsthe cor ner stone of the noninvasive evaluation of coronary artery dis-
ease. Stress echocar diography, on the other hand, is particularly useful in those cases when exercise
electrocar diography isnot feasible, non-inter pretable (owing to the presence of left bundle branch block
or of apacemaker or of other electrocardiographic baseline abnor malities), or when it givesinconclusive
data, or a positiveresult at an intermediate or high workload (in such cases, precise knowledge of the
siteand extension of ischemia can be of crucial importancein deciding between conservative and ag-
gressive treatment), aswell asin casesin which ischemia during thetest isfrequently a false positive
response, asin hypertensive patients, in women and in all cases of left ventricular hypertrophy.

(Ital Heart J2001; 2 (4): 250-255)

Introduction of the electrocardiogram, with an overall
sensitivity ranging from 78-97% and speci-
ficity from 64-100%058 that may partly be ac-
counted for by the choice of the protocal.
Registration during the recovery phase may
be facilitated by better imaging quality but
counterbalanced by the possible disappear-
ance of minor regional wall motion abnor-
malities, especially in case of single-vessel
disease. On the other hand, imaging at peak
exercise may provide more accurate recog-
nition of disease when imaging quality isfa-
vorable. With regard to single vessels, the
sensitivity is best for the left anterior de-

Stress echocardiography relieson thein-
duction of ischemia by means of different
mechanisms that may either act by enhanc-
ing myocardial oxygen consumption (exer-
cise, dobutamine, arbutamine, pacing), or
produce an inappropriate arteriolar vasodi-
lation with subsequent inadequately distrib-
uted flow (dipyridamole, adenosine), or re-
sult in coronary artery spasm (ergonovine)?.
Although exercise should be considered the
ideal stress modality, in thelight of the fact
that it reproduces a physiological condi-
tion2, the inability to perform physical ex-

ercise by some patients hasfacilitated the dif-
fusion of aternative tests such as pharma-
cological stress with dipyridamole3 and
dobutamine?.

Diagnostic accuracy

Exercise echocardiography. Imaging of
the heart during exercise addsto the accuracy
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scending coronary artery (77%) as com-
pared to the right coronary artery (70%) and
the circumflex coronary artery (67%)°. How-
ever, senditivities as low as 45% have been
reported for the circumflex coronary artery?10.

Pharmacological stress echocardiogra-
phy. Failure, dueto inadequate exercise ca-
pacity as well as orthopedic, vascular or
neurologic problems, to achieve adequate
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levels of stress during exercise reduces the sensitivity of
the test. In such cases, pharmacological stressors rep-
resent avalid aternative which maintains a high diag-
nostic value that does not substantially differ among the
various stress modalities. A recent meta-analysis of sev-
en studies comparing dipyridamole and exercise stress
echocardiography in a series of 467 patients showed a
higher specificity for the pharmacological stressor (93
Vs 82%, p < 0.05) and a better sensitivity for exercise
(80 vs 72%, p < 0.05), with comparable diagnostic ac-
curacy (77 vs 80%, p = NS)1L. Similar results have been
observed in ameta-anaytic comparison of the two most
popular pharmacological stresstests, i.e. dipyridamole
and dobutamine, conducted on 818 patients. The high-
er sensitivity of dobutamine (77 vs 71%, p < 0.05) was
counterbalanced by alower specificity as compared to
dipyridamole (87 vs 93%, p < 0.05) so that the diagnostic
accuracy of the two methods was not substantialy dif-
ferent (80 vs 77%, p = NS)12,

International guidelines suggest that pharmacol og-
icd stress echocardiography might be best accomplished
using adrenergic stimulants and a superiority of adren-
ergic over vasodilator stress has been quoted in patients
with single-vessdl diseasel?16, Neverthel ess, atropine ad-
ministration during dipyridamole stressis capable of in-
ducing a step-up in sensitivity especially in patients
with single-vessel diseasel”. Our experience in stress
echocardiography suggeststhat dipyridamole and dobu-
tamine are complementary and that both should be rou-
tinely used in every stress echo laboratory in order to ob-
tain the best individualized information. Important rea-
sonsfor preferring onetest to the other should be the con-
traindications inherent to each test and the specific in-
formation that is expected from the examination. So, in
the arrhythmic patient dipyridamole could be the pre-
ferred stressor, while the evaluation of viability callsfor
the use of dobutamine as the first choice stressor.

Other types of stressors. Pacing stress echocardiogra-
phy has been used as an aternative to exercise or phar-
macological stimuli, especialy in association with trans-
esophageal imaging, with aglobal accuracy in detecting
coronary artery disease ranging from 83 to 93%18-20,
Ergonovine stress echocardiography has aso been re-
ported as an accurate method for the noninvasive diag-
nosis of variant angina, with asensitivity and specifici-
ty higher than 90%21.22,

Prognostic value

The availability of echocardiographic equipmentin
al medical centers has been afactor of paramount im-
portance for the diffusion of stress echocardiography as
anoninvasive techniquein the diagnostic work-up of is-
chemia, especially inthelight of itslimited costs and re-
source consumption. In spite of its diffusion to smaller
centers with (possibly) less expertise in the evaluation
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of echocardiograms during stress, it is quite reassuring
to observe that, even in these settings, stress echocar-
diography maintainsits prognostic power. In a series of
1082 patients with known or suspected coronary artery
disease, the presence of ischemiaduring pharmacol og-
ical stress echocardiography was a powerful independent
predictor of cardiac death or combined cardiac desth and
infarction?3, Particularly appealing isthe very high neg-
ative predictive value of thetest that is demonstrated by
a99% survival and 97% infarction-free survival rate at
3yearsof follow-up23. Stress echocardiography results
can therefore heavily impact the decision-making
process, alowing a selective use of invasive proce-
dures, with potentially favorable economic and logistic
consequences, especially in periphera centers. In the
same aforementioned article, 71% of patients with and
13% of patients without inducible ischemia were sub-
mitted to coronary angiography, while revascul arization
procedures were performed in 37% of ischemic and in
3% of nonischemic patients?3.

In spite of the baseline low risk profile, stress
echocardiography maintains a high prognostic value
even in the minor forms of coronary artery disease such
as single-vessel disease. Furthermore, the test has been
shown to efficaciously predict which patients would
benefit most from coronary revascularization. In a se-
riesof 754 patientswith single-vessel disease, ischemia
during stress echocardiography wasthe only variablein-
dependently correlated with hard events (odds ratio-
OR 2.9) occurring in patients maintained on medical
therapy24. Moreover, in the group of patientswho were
revascularized early after thetest, asignificant prognostic
amelioration was seen only in those who had pre-pro-
cedurd inducible ischemia, whilst in patients without is-
chemiathe 4-year infarction-free survival rate was sim-
ilar to that of nonischemic patients who were medical-
ly treated24,

As for the prognostic implications of the different
pharmacological stress modalities, asimilar prognostic
value has been reported for dipyridamole and dobuta-
mine testing both in multicenter2s and in single-center
experiences?6.27,

The prognostic impact of stress echocardiography in
patients recovering after an acute myocardial infarction
has been extensively demonstrated?s-34. |n particular, the
extension of the jeopardized myocardium, expressed
by the peak wall motion score index, represents the
most powerful indicator of an unfavorable outcomes0.
On the contrary, the high negative predictive value of the
test has been proposed as a strategic component in the
early evaluation of patients with preserved |eft ventric-
ular function and no signs of residual ischemia who
are hence candidates for early hospital discharge20.35, Vi-
ability detection represents the other component of the
prognostic assessment after an acute myocardia in-
farction, especially in patients with depressed ventric-
ular function in whom the presence of inotropic reserve
during dobutamine stress is associated with a higher
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probability of survival36. Nevertheless, evenin patients
with mildly impaired function the interaction between
ischemia and viability gives prognostically important
hints and provides a useful framework for the nonin-
vasive selection of those patients to be submitted to
coronary angiographys7.

Safety issue

An important aspect of noninvasive testing is rep-
resented by the complication rate38.39, A recent study4°
referring about the experience of 63 different centerswith
atotal number of more than 80 000 examinations, the
complication rate for exercise, dipyridamole and dobu-
tamine stress echocardiography were 1/25 213, 1/1256
and 1/412 exams respectively. Fatal events were ob-
served in 6 cases, 5 of which during dobutamine (3
cases of heart rupture and 2 cases of ventricular fibril-
lation), and one during dipyridamol e stress (a case of un-
controllable hypotension) with afatal complication rate
of 1/6524 for dobutamine and 1/23 876 for dipyri-
damole.

Comparison with exer cise electrocar diography

Inthelight of dataon safety, diagnostic accuracy and
prognostic implications, it seems of utmost importance
to verify therole of stress echocardiography as compared
to exercise electrocardiography in the noninvasive eval-
uation of coronary artery disease. One of the main char-
acteristics of the echographic marker of ischemia is
that it is significantly more specific than the electro-
cardiographic one, as was observed in patients with
chest pain, normal ventricular function and a negative
history of coronary artery diseasel. The higher speci-
ficity of stress echocardiography translates into in-
creased prognostic value as compared to clinical and ex-
ercise electrocardiography data?l. However, the per-
formance of additional noninvasive tests should not be
pursued in the presence of a negative exercise electro-
cardiography test in view of the high negative predic-
tive valuet.

Therefore, there seem to be many reasons in favor
of exercise electrocardiography as the first line test in
the noninvasive evaluation of coronary artery disease.
When compared with stress echocardiography, it is
safer, simpler, less costly and requires no specific com-
petence. In addition, it has avery high negative predictive
value. On the other hand, a sizable proportion of patients
referred for the diagnosis of coronary artery disease
cannot perform exercise testing or else exercise sub-
maximally owing to various reasons, including little
motivation and orthopedic, vascular or neurologic prob-
lems. Moreover, sometimes the electrocardiogram is
not interpretable (due to the presence of left bundle
branch block or of apacemaker or of other baseline ab-
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normalities)#2, or gives ambiguous responses during
the test, as in women#3, hypertensive patients* and in
all cases of |eft ventricular hypertrophy4s. In these clin-
ical subgroups the increased value of stress echocar-
diography as compared to exercise electrocardiogra-
phy seems particularly important.

Special clinical groups

Patients unableto exercise. In a consecutive series of
394 patients unable to exercise, pharmacol ogical stress
echocardiography was highly effective in discriminat-
ing between samples at low and high risk on the basis
of the presence or absence of inducibleischemia. In par-
ticular, ischemiaduring the test demonstrated ahigh in-
dependent prognostic value for both cardiac death (OR
24) and hard events (OR 14) at follow-up?s.

Hypertensive patients. The issue of discriminating
heart disease in hypertensive patients is of utmost im-
portance, since coronary artery disease isthe most fre-
quent vascular complication of systemic hypertension47.
Nevertheless, the diagnostic value of exercise electro-
cardiography and nuclear techniques has been very dis-
appointing44.48-50, |n this clinical population, stress
echocardiography has provided particularly interesting
results. Comparison of dipyridamole stress echocar-
diography and exercise electrocardiography in a series
of patients with chest pain of unknown origin revealed
a similar sensitivity for the two methods but a higher
specificity for the imaging technique (92 vs 46%, p
< 0.05)5L. Similar results have been reported with dobu-
tamineb2; stress echocardiography was shown to be
more specific than exercise electrocardiography (100 vs
29%, p < 0.005) with no significant differencesin sen-
sitivity between the two tests. In the comparison between
dobutamine stress echocardiography and perfusion
scintigraphy, the diagnostic sensitivity of the two tech-
nigues was similar but the specificity was higher for
stress echocardiography (83 vs 67%, p = 0.05)%3. In a
study undertaken to compare perfusion scintigraphy,
dipyridamol e and dobutamine stress echocardiography
in hypertensive patients with a positive exercise test,
dobutamine echocardiography most accurately assessed
organic coronary artery diseaseb4. However, the stress
protocols used in that study did not include atropine co-
administration. In avery recent paper the use of atropine
strongly enhanced the diagnostic power of vasodilator
stressin hypertensive patients with a positive exercise
tests5. As for the prognostic implications of stress
echocardiography in hypertensives, in a cohort of 257
patients with a negative history for coronary artery
disease and examined for chest pain, inducible is-
chemia during dipyridamole stress was an indepen-
dent predictor of both the composite outcomes of car-
diac death and infarction (OR 5.5) and spontaneous car-
diac events (including hospitalizations for unstable
angina) (OR 4.2)%s,
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Women. Stress echocardiography isincreasingly used
in women for the diagnosis of coronary artery disease.
In females, dipyridamole stress showed a sensitivity
similar to that of exercise electrocardiography but its
specificity (93 vs 52%, p < 0.001) and diagnostic ac-
curacy (87 vs 62%, p < 0.001) were betters?. Similar re-
sults have been obtained in the comparison between
exercise echocardiography and exercise electrocardio-
graphy, with similar sensitivity but a higher specificity
(81 vs 56%, p < 0.001) and diagnostic accuracy (81 vs
64%, p < 0.005) for the imaging methods8. The prog-
nostic value of stress echocardiography is high evenin
women. In aconsecutive series of 456 patients with chest
pain and without a previous history of coronary artery
disease, ischemia at stress echocardiography indepen-
dently predicted both hard (OR 27) and spontaneous car-
diac events (OR 24)%°. Moreover, compared to clinical
and exercise electrocardiography data stress echocar-
diography was found to have an incremental prognos-
tic value. When either hard or spontaneous cardiac
eventswere primary endpoints, the global 2 value aug-
mentation was greater than 200%6°.

Patientswith left bundle branch block. In patientswith
left bundle branch block dobutamine stress echocar-
diography has demonstrated good diagnostic accuracy,
independently of the coronary territory under study®L.62,
This is of particular importance considering that the
diagnosis of ischemiain the anteroseptal wall represents
the Achilles’ heel of nuclear methods in these pa-
tientss364, Moreover, myocardia ischemia by pharma-
cological stress echo showed a strong and independent
power in the prediction of future hard events in left
bundle branch block patients, providing a prognostic con-
tribution that was incremental to that of clinical and rest-
ing echo findings in the group without previous my-
ocardial infarctionss.

Patients undergoing vascular and nonvascular
surgery. Patients undergoing vascular surgery represent
ahigh risk group. Atherothrombosisis avery common
condition encompassing the peripheral, cerebral and
coronary circulation. Patients with coronary artery dis-
ease often have concomitant noncoronary atheroscle-
rosis’é and in 30-50% of the cases, patients with pe-
ripheral vascular disease have a significant coronary
pathologys?. Thereforerisk stratification before surgery
isamajor issue. These patients are often unable to ad-
equately perform exercise and pharmacological stress
echocardiography represents an important alternative.
Among patientswith aclinicaly high risk profile, ahigh
peak wall motion scoreindex further selectsthoseat in-
creased risk and, by identifying those patients who may
benefit from beta-blocker treatmentt or in whom pre-
operative coronary invasive evaluation must be per-
formed®, hel psin the decision-making process. Evenin
patients with known or suspected coronary artery disease
evaluated before nonvascular surgery, dobutamine stress
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echocardiography better identified those patients at low,
intermediate and high postoperative risk than clinical,
electrocardiographic and resting echo parameters?.

Conclusions

In conclusion, the first step of noninvasive evalua-
tion of coronary artery disease should be exercise el ec-
trocardiography, able asit isto identify patients at very
low risk in case of anegative result and those at high risk
in case of alow workload positive result. In these situ-
ations, the information provided by stress echocardio-
graphy appears to be redundant and therefore useless.
Stress echocardiography, on the other hand, is particu-
larly useful in those cases when exercise electrocar-
diography is not feasible, non-diagnostic, non-inter-
pretable, or when it gives inconclusive data, or a posi-
tiveresult at intermediate or high workloads (in this case,
precise knowledge of the site and extension of ischemia
can be of crucia importance for clinical decision-mak-
ing), aswell asin those cases where ischemiaduring the
test isfrequently afalse positive response, as occursin
hypertensive patients and in women.
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