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Stress echocardiography, either with
pharmacologic or exercise protocol, is a
routinely accepted tool both for the diagno-
sis of coronary artery disease (CAD) and
the evaluation of cardiac risk in different
clinical settings1.

In patients unable to perform exercise,
pharmacologic stress echocardiography is
widely used for the diagnosis of CAD, and
its efficacy for cardiac risk stratification
has been tested in patients undergoing ma-
jor vascular surgery, with impaired left ven-
tricular (LV) function, with diabetes melli-
tus, and early after uncomplicated acute
myocardial infarction2-9. On the other hand,
exercise stress echocardiography (ESE) is a
routine test in patients able to perform a

physical stress but with repolarization ab-
normalities that make exercise ECG unin-
terpretable, or when treatment decisions
may be dependent on the site or the extent
of ischemia10-14. 

Although several recent studies have re-
ported an excellent outcome in patients
without evidence of stress-induced wall
motion abnormalities, the ESE capacity to
effectively identify patients at higher risk
of cardiac events is less definite. In fact,
many of the studies on this topic differ in
follow-up duration, cardiac events consid-
ered (revascularization sometimes includ-
ed), analysis of stress echo variables (often
limited to stress-induced ischemia) and
modalities (exercise, pharmacological)10-14.
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Background. The aim of this study was to assess the long-term predictive values of supine bicycle
exercise stress echocardiography (ESE), and the ESE additional role compared to other traditional
clinical and rest echocardiographic variables, in 607 patients with low, intermediate and high pretest
risk of cardiac events. 

Methods. Clinical status and long-term outcome were assessed for a mean period of 46 months
(range 12-60 months). ESE was performed for the diagnosis of suspected coronary artery disease
(CAD) in 267 patients (43.9%), and for risk stratification of known CAD in 340 patients (56.1%). At
baseline, the mean value of wall motion score index (WMSI) was 1.22 ± 0.36, and the mean left ven-
tricular ejection fraction was 58.5 ± 10.9%. 

Results. ESE was positive for ischemia in 210 patients (34.9%), while ECG was suggestive for is-
chemia in 157 patients (25.8%). During the test only 97 patients (15.9%) experienced angina. At peak
effort, the mean WMSI was 1.38 ± 0.46. A low workload was achieved by 158 patients (26.1%). Dur-
ing the follow-up period there were 222 events, including 82 hard events (36.9%), 48 deaths (21.6%)
and 34 acute non-fatal myocardial infarction (15.3%). At stepwise multivariate model, cigarette
smoking (p < 0.01), peak WMSI (p < 0.001), ESE positive for ischemia (p < 0.001) and low workload
(p < 0.01) were the only independent predictors of cardiac death, while positive ESE, peak WMSI,
angina during the test and hypercholesterolemia were the only independent determinants of hard
cardiac events. The cumulative 5-year mean survival rate according to ESE response was 95.9% in
patients with negative ESE, and 83.7% in patients with positive ESE (log rank 13.6; p < 0.00001). 

Conclusions. ESE yields prognostic information in known or suspected CAD, especially in patients
with intermediate pretest risk level. The combined evaluation of clinical variables and other ESE
variables, such as peak WMSI and exercise capacity, may further select patients at greatest risk of
cardiac death in the overall population.

(Ital Heart J 2005; 6 (7): 565-572)



In addition, no study on the long-term prognostic value
of supine bicycle ESE in a large population of patients
has been reported to date, since most of previous stud-
ies used post-treadmill stress echo analysis.

On this ground, the present study was undertaken to
assess the long-term prognostic significance of ESE,
and the ESE additional role compared to other tradi-
tional clinical and rest echo variables, in a large popu-
lation of patients with low, intermediate and high
pretest risk of cardiac events, followed up for ≥ 46
months.

Methods

Study population. The initial cohort included 640 con-
secutive patients who underwent ESE clinically indi-
cated from July 1997 to December 2003 for the evalu-
ation of chest pain symptoms or for cardiac risk strati-
fication. Twenty-two patients who underwent coronary
artery revascularization within 3 months of ESE proce-
dure, and 8 patients who were lost to follow-up (0.9%),
were censored. Non-cardiac death occurred in 3 pa-
tients: 2 for malignant cancer and 1 for a car accident.

Patient outcome and clinical status were finally as-
sessed in 607 patients, for a mean period of 46.9
months (range 12-60 months). Exercise echo was per-
formed for the diagnosis of suspected CAD in 267 pa-
tients (43.9%), and for risk stratification of known
CAD in 340 patients (56.1%). Medical treatment if pre-
sent was discontinued 3 days before the test. 

Follow-up data were obtained from September
2003 to March 2004 through a review of patient hospi-
tal records, by periodical follow-up visit at our institu-
tion, or by phone interview with the patient. In case of
death, data were collected by phone contact with the
same household family member. 

Exercise stress echocardiography. In our study pa-
tients performed ESE by bicycle ergometer in a supine
position, using a standard Bruce protocol. After record-
ing a resting two-dimensional echocardiogram, the heart
rate was continuously monitored and 12-lead ECG,
echocardiographic images and blood pressure were
recorded at every step. Criteria for test interruption were:
maximal heart rate achievement, onset of new or wors-
ening wall motion abnormalities, severe chest pain, hor-
izontal or down-sloping ST-segment depression ≥ 2 mm,
ST-segment elevation ≥ 1.5 mm, systolic blood pressure
> 220 mmHg, diastolic blood pressure > 120 mmHg, re-
duction in systolic blood pressure ≥ 30 mmHg,
supraventricular or ventricular tachyarrhythmias. 

Two-dimensional images were obtained in four stan-
dard views (parasternal long-axis, parasternal short-axis,
apical 4- and 2-chamber views) using Acuson Sequoia
ultrasuond systems (Mountain View, CA, USA) at base-
line, at each exercise step and during recovery, and
recorded using a quad-screen cine-loop system. 

Echocardiographic analysis. All examinations were
reviewed by two independent observers with extensive
experience in interpretation of stress echocardiograms
and blinded to the clinical data. Disagreements were re-
solved by consensus.

For LV wall motion analysis, standard 16-segment
LV model of the American Society of Echocardiogra-
phy was used15, and wall motion was scored as 1 = nor-
mal; 2 = hypokinetic; 3 = akinetic; 4 = dyskinetic. LV
wall motion score index (WMSI) was calculated at
baseline and at peak effort dividing the sum of individ-
ual segment scores by the number of considered seg-
ments. LV ejection fraction was measured at baseline
and at peak effort, using a commercially available soft-
ware program that applied Simpson’s rule on the 2-
chamber and 4-chamber views. 

In patients with normal rest wall motion, the test
was considered positive for myocardial ischemia in
case of development of a transient regional dyssinergy.
In case of development of regional dyssinergy limited
to a single segment, the test was considered positive on-
ly in case of adequate visualization of the same seg-
ment in at least two different views. On the other hand,
in patients with rest wall motion abnormalities the de-
velopment of a new or a worsening wall motion abnor-
mality, including a deterioration of wall motion after
improvement at low workload, was considered indica-
tive of residual myocardial ischemia. Furthermore, rest
akinesia becoming dyskinesia was not considered a
positive result1. 

A low workload was defined as an achievement of
< 7 metabolic equivalents (METS) for males and < 5
METS for females, because the expected treadmill time
for males is, on average, 2-3 min longer than that for fe-
males (Bruce protocol)11,12. ECG was indicative of my-
ocardial ischemia if a horizontal or downsloping ST de-
pression > 1 mm, 80 ms after J point, developed with
stress. However, electrocardiographic changes and
chest pain were not considered per se as a positive re-
sponse to stress test in absence of induced or worsening
wall motion abnormalities. 

Follow-up. Cardiac-related death and non-fatal my-
ocardial infarction were considered hard events. The
definition of cardiac-related death required documenta-
tion of significant arrhythmias or cardiac arrest, or
both, or death due to congestive heart failure or my-
ocardial infarction in absence of any other precipitating
factors. 

Non-fatal myocardial infarction was defined as a
cardiac event requiring admission to the hospital, with
elevation of biochemical markers of myocardial
necrosis (troponin) and with at least one of the fol-
lowing: a) ischemic symptoms; b) development of
pathologic Q waves on ECG; c) ECG changes indica-
tive of ischemia (ST-segment elevation or depres-
sion); d) coronary artery intervention (coronary an-
gioplasty).
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Statistical analysis. Descriptive statistics procedures
were used to analyze the distribution of each variable.
Patient groups were compared by Student’s t-test for
continuous variables and the �2 test for categorical vari-
ables. Independent predictors of late cardiac events
(death, hard events) were identified at univariate and
multivariate Cox proportional-hazard regression mod-
els. The 0.05 probability level was adopted to consider
the significance of the association between predictive
variables and events. The risk associated with a given
variable was expressed by a hazard ratio with corre-
sponding 95% confidence intervals. At multivariate
analysis an automatic backward stepwise procedure
was adopted. The cumulative probability of freedom
from cardiac events was calculated by Kaplan-Meier
life-table analysis and compared between groups by the
use of the log-rank test.

Results

Study population. The final study population includ-
ed 607 patients. An extensive analysis of cardiac risk
factors was performed in all patients (Table I). The
pretest cardiovascular risk was determined using an al-
gorithm based on previous studies11,12,16 (Table II). We
classified chest pain using the three categories of Dia-
mond16: typical angina, atypical angina, and non-angi-
nal chest pain. Risk factors included the following:
current or prior cigarette smoking, history of hyperten-
sion (on antihypertensive therapy), history of insulin-
or non-insulin-requiring diabetes, history of high cho-
lesterol or on cholesterol-lowering therapy, family his-
tory of premature (< 60 years of age) CAD (infarction,
coronary artery bypass or angioplasty, sudden death)
in first-degree relatives, and obesity defined as a body
mass index > 27 kg/m2. Females were estrogen status
negative if they were in post-menopause and not re-
ceiving estrogen replacement therapy. If they were in
pre-menopause or receiving estrogen replacement

therapy, they were considered as estrogen status posi-
tive.

On these bases, in our population we identified
three subgroups of patients: low-risk (116 patients), in-
termediate-risk (410 patients), and high-risk (81 pa-
tients) groups.

Rest and exercise echocardiography. During ESE
test, 9 tests (1.4%) were prematurely stopped because
of the appearance of limiting side effects: non-sus-
tained ventricular tachycardia in 3 patients, severe
chest pain in the absence of new wall motion abnor-
malities in 3, severe hypertension in 3. All side effects
reversed by the administration of methoprolol.

At baseline, the mean value of WMSI was 1.22 ±
0.36, and the mean ejection fraction was 58.2 ± 10.9%.
Wall motion abnormalities were present in 365 patients
(60.1%). ESE was positive for ischemia in 210 patients
(34.9%), while ECG was suggestive for ischemia in 157
patients (25.8%). During the test only 97 patients (15.9%)
experienced angina. At peak effort, the mean WMSI was
1.38 ± 0.46, and ejection fraction was 62.3 ± 9.8%. A low
workload was achieved by 158 patients (26.1%).

Interobserver agreement was 95% for the assess-
ment of LV WMSI and 92% for analysis of positive re-
sponse for ischemia. Intraobserver reproducibility was
96 and 94%, respectively.

Cardiac events. During the follow-up period there were
222 events, including 82 hard events (36.9%), 48 deaths
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Table I. Clinical findings in the study population.

No. patients 607
Age (years) 58.5 ± 10.9
Males 470 (77.4%)
Family history of CAD 455 (75.8%)
Diabetes mellitus 91 (14.9%)
Hypercholesterolemia 361 (59.4%)
Arterial hypertension 394 (64.9%)
Smokers 355 (58.4%)
Angina 520 (85.6%)
Previous AMI 260 (42.8%)
Previous PTCA 61 (10.1%)
Previous CABG 19 (3.2%)

AMI = acute myocardial infarction; CABG = coronary artery
bypass graft; CAD = coronary artery disease; PTCA = percuta-
neous transluminal coronary angioplasty.

Table II. Variables included in our pretest cardiovascular risk
evaluation.

Variable Score

Age (years)
Males

< 40 3
40-54 6
≥ 55 9

Females
< 50 3
50-64 6
≥ 65 9

Angina history
Typical 5
Atypical 3
Non-anginal 1

Diabetes 2
Hypercholesterolemia 1
Arterial hypertension 1
Cigarette smoking 1
Family history of CAD 1
Obesity 1
Estrogen status

Positive -3
Negative +3

Total

CAD = coronary artery disease. Pretest score: low, 0 to 8 points;
intermediate, 9 to 15 points; high, > 15 points.



(21.6%) and 34 acute non-fatal myocardial infarction
(15.3%). The other cardiac events were: angina pectoris
in 30 patients (15.5%), acute heart failure in 16 (7.2%),
percutaneous transluminal coronary angioplasty in 72
(31.4 %), coronary artery bypass graft in 20 (9%). 

At univariate analysis, the following variables re-
sulted significantly predictive for cardiac death (in de-
scending order): ESE positive for ischemia, peak
WMSI, low workload, rest WMSI, cigarette smoking
and age (Table III). At multivariate analysis, utilizing
an automatic stepwise procedure, the combination of
clinical, rest and stress test variables identified ESE
positive for ischemia, peak WMSI, low workload, and

cigarette smoking as strongest independent predictors
of cardiac death. The global �2 of this combined clini-
cal and stress test model was 37.9 (p < 0.00001) (Table
IV).

As for hard events (death + myocardial infarction),
at univariate analysis the following variables resulted
significantly predictive: positive stress test, peak
WMSI, angina during the test, rest WMSI, hypercho-
lesterolemia and cigarette smoking (Table III). Howev-
er, multivariate analysis identified positive ESE, peak
WMSI, angina during the test and hypercholes-
terolemia as only independent determinants of hard
cardiac events. The global �2 of this combined clinical
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Table III. Univariate predictive value of clinical risk factors and exercise stress echocardiography (ESE) results for cardiac events

Cardiac death Hard events

p HR 95% CI p HR 95% CI

Clinical data
Age < 0.0100 1.9 1.5-4.8 NS 1.2 1.1-5.2
Hypercholesterolemia NS 1.3 0.7-4.4 < 0.0010 4.7 3.3-6.0
Cigarette smoking < 0.0010 4.1 2.3-4.8 NS 1.3 1.2-4.6

Rest echocardiographic data
Rest WMSI < 0.0100 3.6 2.3-6.1 < 0.0100 3.8 2.4-5.8

ESE data < 0.0001 5.3 4.9-5.6
Positive ESE < 0.0001 5.1 4.8-5.8
Peak WMSI < 0.0001 4.8 4.2-5.7 < 0.0001 5.0 4.8-6.1
Low workload < 0.0010 4.1 3.5-5.1 NS 2.3 1.4-4 
Angina during ESE NS 2.2 1.9-3.6 < 0.0010 4.1 2.8-4.9

CI = confidence interval; HR = hazard ratio; WMSI = wall motion score index.

Table IV. Multivariate predictive value of clinical risk factors and exercise stress echocardiography (ESE) results for cardiac events.

Variables �2 p Variables selected (partial �2; 95% CI; p)

Cardiac death
Clinical 9.3 0.01000 Cigarette smoking (2.8; 1.8-4.1; < 0.01)
Clinical 11.8 0.00100 Rest WMSI (3.0; 2.1-4.1; < 0.01)
+ 
Rest echo

Clinical 37.9 0.00001 Positive ESE (4.1; 3.6-4.4; < 0.0001)
+ 
Rest echo Peak WMSI (3.5; 2.8-4.1; < 0.0001)
+ 
ESE Low workload (3.1; 2.7-3.7; < 0.01)

Hard events
Clinical 9.6 0.01000 Hypercholesterolemia (2.5; 1.6-3.3; < 0.01)

Clinical 12.5 0.00100 Rest WMSI (3.1; 2.4-3.8; < 0.01)
+ 
Rest echo

Clinical 39.6 0.00001 Positive ESE  (4.5; 3.6-5.3; < 0.0001)
+ 
Rest echo Peak WMSI (3.7; 2.6-4.4; < 0.0001)
+ 
ESE Angina during ESE (2.9; 2.3-3.8; < 0.01)

CI = confidence interval; WMSI = wall motion score index.



and stress test model was 39.8 (p < 0.00001) (Table
IV).

The cumulative 5-year mean survival time free of
cardiac events in patients with negative stress echo was
56.8 vs 43.2 months in patients with positive test. The
cumulative 5-year mean survival rate according to ESE
response was 95.9% in patients with negative ESE, and
83.7% in patients with positive ESE (log rank 13.6; p
< 0.00001) (Fig. 1).

On the other hand, receiver operating characteristic
curve analyses selected cut-off values of peak workload

< 7 METS (area under the curve 0.79; p < 0.0001) as
powerful predictor of cardiac mortality, in accordance
with previous reports11,12 (Fig. 2). 

Subgroup analysis. Although 28 out of 116 patients
(24.5%) at low risk of cardiac events showed an ESE
positive for ischemia, in this subset of patients there
were only 4 deaths (3.4%) during the follow-up (p = NS
vs patients with negative ESE). Conversely, either in
410 patients with intermediate risk or in 81 patients at
high risk, an ischemic result of ESE (occurring in 30
and 75% of patients, respectively) allowed to identify
patients with significantly higher risk of death than in
patients with negative ESE (15.1 vs 3.3%, p < 0.0001,
and 21.3 vs 9.6%, p < 0.0001, respectively). 

Discussion

Our study confirms that the absence of ESE-induced
myocardial dyssinergy provides a good long-term prog-
nosis in a population with proven or suspected CAD and
normal LV global systolic function. Conversely, an is-
chemic pattern at ESE predicts a 4-fold higher cardiac
mortality rate over a 5-year follow-up. Moreover, our re-
sults emphasize that information obtained by ESE is ad-
ditional and independent to that provided by clinical and
rest echocardiographic data (Fig. 3). 

Previous reports on exercise stress echocardiogra-
phy in patients with coronary artery disease. To the
best of our knowledge, our study is the first to provide
data regarding the long-term prognostic usefulness of
supine bicycle ESE to stratify patients with known or
suspected CAD into high- and low-risk subsets for car-
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Figure 1. Kaplan-Meier curves for cardiac death during follow-up ob-
tained by the results of exercise stress echocardiography (ESE) in the
overall population. Cumulative survival rate according to the ischemic
response to ESE.

Figure 2. Cumulative risk of cardiac death at follow-up among subjects who achieved a peak exercise capacity during exercise stress echocardiogra-
phy (ESE) < 7 or ≥ 7 METS.



diac events. In fact, most of the previous studies are
based on post-treadmill stress echo results, an approach
which relies on imaging within a short time after the
stress, a period when ischemia is resolving10-14,16. In
comparison, supine bicycle ESE has the advantage of
imaging at baseline, at each exercise step and during re-
covery, and therefore during the development of is-
chemia and at its peak. As a result, according to previ-
ous reports, supine bicycle ESE could detect even
small, quickly reversible wall motion abnormalities,
while post-treadmill testing could loose important in-
formation about the existence, extension, and location
of CAD17-19. Furthermore, ESE allows to accurately de-
termine the location of wall motion abnormalities dur-
ing exercise20.

Current exercise testing guidelines state that a stan-
dard exercise ECG should be the first investigation in
patients with a diagnostic ECG who are able to perform
exercise. However, recent studies with ESE have indi-
cated that the imaging component of this test adds in-
cremental and independent information to the results of
standard ECG testing10-14. 

When performed by experienced operators, ESE is
a low-cost, easy-repeatable diagnostic technique, with
high safety and feasibility (in our study 98.6%), and
therefore well tolerated by the patient20-23. 

Several recent reports have also performed cost-
effectiveness analyses of alternative strategies to in-
vestigate patients with chest pain. In particular, Kuntz
et al.21 evaluated different protocols including no test-
ing versus pharmacologic echocardiography versus
exercise echocardiography versus exercise single-
photon emission computed tomography versus coro-
nary angiography. The conclusion of the study was
that, for patients with intermediate risk of CAD (the
risk profile of our population), ESE represented the
best cost-effective proposal. Also Marwick et al.22

confirmed that, using decision analysis, ESE was as-
sociated with a greater incremental life expectancy
and a lower use of additional diagnostic procedures
when compared with exercise ECG (especially in
lower risk patients).

Prognostic value of exercise stress echocardiography
in our study population. In our study, at multivariate
analysis, a positive ESE result for ischemia appeared to
be the strongest independent predictor of cardiac-relat-
ed death and of hard events. Even if ESE offers incre-
mental prognostic information in the group as a whole,
this is of limited value in patients who are at low pretest
risk, while in the remaining patients at intermediate lev-
el of risk it is able to further stratify risk and therefore
reduce the cost of subsequent investigations.

Among other stress echo variables, also indexes of
the extent and the severity of stress-induced myocar-
dial ischemia (peak WMSI) and of exercise capacity
(low workload) appeared to be the significant predic-
tors of cardiac death, while angina during the test re-
sulted as a powerful predictor when hard cardiac
events were considered. This fact may be the conse-
quence of the different physiological mechanisms in-
volved in the determination of different cardiac end-
points. In fact, some parameters (i.e. angina during
stress) seem to be related to the degree of a single
coronary stenosis, whereas other variables (i.e. im-
paired exercise capacity, high peak WMSI) presume
an impaired global LV function secondary to a multi-
vessel CAD, which is more frequently related to the
risk of cardiac death24. 

Our findings are in accordance with the conclusions
of the previous studies on the long-term prognostic val-
ue of exercise testing. In fact, poor exercise capacity,
usually a consequence of a multivessel involvement of
the atherosclerotic process, showed a greater effect on
survival than ST depression during exercise, while sev-
eral studies have shown that patients who can perform
exercise into stage 4 of the Bruce protocol (> 10
METS) have a favorable outcome12,25-28.

In addition, peak WMSI, an integrated expression
of both the amount and the severity of wall motion ab-
normalities, carried out in our study a strong predictive
value of the same cardiac events, as previously pointed
out in patients undergoing ESE for known or suspected
CAD or with recent uncomplicated myocardial infarc-
tion15. 
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Figure 3. Incremental values of exercise stress echocardiography (ESE) in predicting late cardiac events.
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Of note, multiple studies have emphasized the prog-
nostic role of indexes of global systolic function (rest
and peak LV ejection fraction)5,7,29 while in our popula-
tion these parameters were not predictive of cardiac
events. This was most likely due to the fact that most of
the patients in our study group had normal LV systolic
function, no significant valvular disease and the capa-
bility of performing exercise.

Our findings, therefore, confirmed the usefulness of
additional features of an ESE test in depicting the car-
diac risk profile better than the sole use of the ischemic
response to the stress. 

Although extensive outcome literature surrounds
the use of pharmacological stress echocardiography2-9,
patients who are unable to perform exercise may have a
particularly high event rate, which may not be repre-
sentative of patients submitted to exercise testing.
Moreover, the additional cost of pharmacological stress
imaging techniques is more difficult to rationalize in
patients who are able to perform exercise, since physi-
cal stress is an excellent tool for assessing risk in pa-
tients with known or suspected CAD21,22. 

As a result, in patients who are able to perform ex-
ercise, an exercise stress test is always desirable, as the
stress may be correlated to the patient’s symptoms, use-
ful ST segment data may be obtained and exercise data
are prognostically important.

Study limitations. As currently performed, exercise
echocardiography is interpreted subjectively. An unsat-
isfactory intra and interobserver variability in stress
echo interpretation has been previously reported30. Al-
though we sought to replicate “real life” bystudying the
performance of the test in a referral center and a large
independent laboratory, the tests were interpreted in a
single center by experts who have a similar approach to
test interpretation, reflecting previous collaborative
teaching and training activities. It is hoped that the de-
velopment of a quantitative echocardiographic ap-
proach may facilitate a subtler means of assessing dis-
ease extent in the future.

The routine implementation of second harmonic
imaging, of modern ultrasound systems, with and with-
out contrast enhancement, improved the ability to de-
tect mild form of CAD. This fact would have further in-
creased the negative prognostic power of the stress echo31.

There is controversy whether percutaneous translu-
minal coronary angioplasty and coronary artery bypass
graft have to be considered cardiac events. In fact, al-
though they reflect the presence of a severe cardiac dis-
ease, the decision to undergo these procedures may be
subjective and not by itself an adverse outcome. As a
consequence, we preferred to not include these events
among the endpoints of our study. 

In conclusion, the findings of the present study ap-
ply to patients with known or suspected CAD who are
able to perform exercise and whose symptom status

does not require revascularization. In these patients, the
first step is to exclude individuals at low risk on clini-
cal grounds and by the application of the treadmill test,
which is able to identify almost 50% of the patients who
are either at low risk (in which case, further interven-
tion would not be necessary) or at high risk (in which
case, further stratification would in most instances be
deemed inappropriate). The remaining patients, togeth-
er with patients with uninterpretable exercise ECG,
deserve further evaluation by exercise echocardiogra-
phy, which is able to stratify patients at higher risk of
death or non-fatal myocardial infarction, avoiding any
additional cost of pharmacological stress imaging tech-
niques. However, only the evaluation of clinical vari-
ables, as well as of other stress echo variables, such as
peak WMSI and exercise capacity, may better select pa-
tients at greatest risk of cardiac events. This investiga-
tive approach may potentially reduce the performance
of coronary angiography, at the same time identifying
patients at risk of subsequent cardiac events.
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