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Abstract
Exercise echocardiography has been used for 30 years. 
It is now considered a consolidated technique for the 
diagnosis and risk stratification of patients with known 
or suspected coronary artery disease (CAD). Of the 
stress echocardiography techniques, it represents the 
first choice for patients who are able to exercise. Given 
that the cost-effectiveness and safety of stress echocar-
diography are higher than those of other imaging tech-
niques, its use is likely to be expanded further. Recent 
research has also proposed this technique for the evalu-
ation of cardiac pathology beyond CAD. Although the 
role of new technology is promising, the assessment of 
cardiac function relies on good quality black and white 
harmonic images. 

© 2010 Baishideng. All rights reserved.

Key words: Exercise echocardiography; Coronary artery 
disease; Peak imaging

Peer reviewers: Jamshid Shirani, MD, Director, Cardiology fel-
lowship program, Geisinger Medical Center, 100 North Academy 
Avenue, Danville, PA 17822-2160, United States; Dr. Thomas 
Jax, Profil Institut für Stoffwechselforschung, Hellersbergstrasse 
9, Neuss 41460, Germany

Peteiro J, Bouzas-Mosquera A. Exercise echocardiography. World 

J Cardiol 2010; 2(8): 223-232  Available from: URL: http://www.
wjgnet.com/1949-8462/full/v2/i8/223.htm  DOI: http://dx.doi.
org/10.4330/wjc.v2.i8.223

INTRODUCTION
Stress echocardiography is a useful tool for clinical decision-
making, given its accuracy in the diagnosis of  coronary ar-
tery disease (CAD) and its demonstrated prognostic value. 
Among the different stress echocardiography modalities, 
exercise is safer and more physiologic. Therefore, accord-
ing to all current guidelines, exercise stress echocardiogra-
phy (ESE) must be considered the first choice for patients 
who are able to exercise[1-3].

New technologies have not yet found a definitive role 
during stress echocardiography. Doppler tissue imaging 
and speckle imaging can assess myocardial velocities and 
deformation. However, neither of  them has been demon-
strated to be better than visual assessment when the latter 
is performed by experienced observers. Three-dimensional 
echocardiography (3-DE) can also be used during exercise 
since an image of  the entire myocardium can be obtained 
in a few cardiac cycles. 

Although ESE has long been used for the diagnosis 
and risk stratification of  patients with known or suspected 
CAD[4], there has been a change in its targets, as this meth-
od has also been used in recent years as a useful tool for 
evaluation of  dyspnea in different clinical situations[5,6].

EXERCISE ECHOCARDIOGRAPHY: 
30 YEARS OF DEVELOPMENT
ESE was introduced 30 years ago when the group led 
by Feigenbaum first reported wall motion abnormalities 
(WMA) during exercise in patients with CAD[4]. Since 
then, a significant number of  technological landmarks 
have been developed, including digital imaging, continu-
ous loop quad format display for comparison of  rest and 
exercise images, continuous imaging acquisition, broad-
band transducer technology, harmonic imaging, and the 
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use of  echocardiographic contrast agents for endocardial 
border delineation. These are major tools currently need-
ed for state-of-the-art performance of  ESE. These tools 
have led to the consolidation of  ESE as an accepted and 
established technique. Other technologies, such as myo-
cardial Doppler imaging, myocardial perfusion, and 3-DE, 
although newer, have not yet found a definitive role in the 
ESE scenario. 

A number of  clinical landmarks merit mention. The 
first studies focused on the detection and risk stratification 
of  patients with CAD. In the late 1990s, ESE began to be 
used for the functional assessment of  patients with valve 
disease. Over the last few years ESE has been found to 
be useful for the evaluation of  patients with dyspnea and 
different clinical scenarios, such as those with suspected 
diastolic dysfunction, those who are candidates for cardiac 
resynchronization therapy, and those with hypertrophic 
cardiomyopathy.

EXERCISE ECHOCARDIOGRAPHY: STATE 
OF THE ART
Common ESE modalities include treadmill ESE and semi-
supine bicycle ESE. The treadmill has several advantages 
over the bicycle, including achievement of  higher O2 
consumption and the fact that all patients able to exercise 
can effectively walk on a treadmill, but back-pedaling or 
stopping pedaling are frequent in untrained patients when 
a bicycle is used. Also, muscular pain or discomfort be-
fore achievement of  submaximal age-predicted heart rate 
is a common reason for stopping exercise on a bicycle[3]. 
However, whatever the method we use for ESE, images 
should be acquired at peak exercise because peak imaging 
is more sensitive for the diagnosis of  CAD[7-9] and because 
the prognostic value of  peak imaging is higher than that 
of  post-exercise imaging[10]. 

ESE consists simply of  the addition of  echocardiog-
raphy to conventional exercise electrocardiography (ECG) 
testing. Thus, besides the clinical information (symptoms 
during exercise) and ECG information (ST segment 
changes), we obtain resting echocardiographic data (resting 
WMA suggesting scar, valvular or myocardial disease, etc.), 
and exercise echocardiography data (new WMA indicat-
ing ischemia). This is the reason for its superior sensitivity 
and specificity when compared to conventional exercise 
ECG testing. As can be inferred from above, its major 
advantage rests on the evaluation of  patients with resting 
ECG abnormalities, and in the evaluation of  those with 
an inconclusive result on exercise ECG testing. Table 1 
shows the up-to-date recommendations for the perfor-
mance of  stress echocardiography on the management 
of  patients with chest pain according to recent European 
Society of  Cardiology guidelines[3]. The recommendation 
stating that ESE, where available, should be considered as 
an alternative to exercise ECG testing for diagnostic and 
prognostic purposes will likely lead to more widespread 
use of  this method of  stress testing. In this regard our 

group has recently demonstrated the prognostic value of  
ESE in patients with normal exercise ECG testing[11]. We 
have found that in 1 of  every 6 patients with suspected 
or known CAD who had a completely normal exercise 
ECG test, ischemia could be detected at peak exercise by 
echocardiography. These patients were at double the risk 
of  overall mortality and major cardiac events as compared 
with those without ischemia (5-year mortality rate of  
12.1% vs 6.4%; 5-year major cardiac events rate of  10.1% 
vs 4.2%). Therefore, even in patients who would be con-
sidered low risk according to the absence of  symptoms 
or ischemic ECG changes during exercise, ESE allows 
more accurate risk stratification. Concerns regarding cost-
effectiveness are the only reason not to replace exercise 
ECG by ESE. 

HOW TO PERFORM AN EXERCISE 
ECHOCARDIOGRAM 
ECG and blood pressure are monitored during the test as 
they are during a conventional exercise ECG test. Proto-
cols adjusted to the patient’s clinical characteristics should 
be used, although the Bruce protocol (change in speed 
and slope every 3 min) is the most commonly used. We 
occasionally observe how the patient walks, prior to the 
exercise testing, to decide the most appropriate protocol 
for the particular patient. 

When a treadmill is used, resting images are acquired 
on a table-bed, and peak exercise images are acquired with 
the patient walking or running. When a cycloergometer 
is used, images are acquired with the patient on the bi-
cycle, at rest and at peak exercise. A set of  3 apical views 
(long-axis, 4-chamber and 2-chamber) and 2 parasternal 
views (long- and short-axis) is obtained. In case of  non-
conclusive peak images (poor quality or doubtful), images 
during the immediate post-exercise time are also acquired. 
We have previously shown that peak treadmill imaging is 
more sensitive than post-exercise imaging for the diag-
nosis of  CAD, and that the quality of  peak images in the 
apical views are similar to those acquired post-exercise[7,8]. 
In addition, the prognostic value of  peak treadmill ex-
ercise imaging is higher because, in up to 1 in 4 patients 
with ischemia, the latter is limited to peak exercise, and 
the post-exercise study is completely normal[10]. Even in 
patients with post-exercise ischemia, WMA are markedly 
greater at peak than at post-exercise. Other authors have 
also demonstrated higher sensitivity for the detection of  
CAD with peak rather than post-exercise imaging during 
bicycle echocardiography[9]. Besides the superior diagnos-
tic and prognostic capabilities of  peak exercise imaging, a 
proper training in this approach has additional advantages: 
(1) patient scanning during different phases of  exercise 
testing is feasible, and can be performed whenever there 
is concern about the need for termination of  the test, for 
example in cases of  doubtful symptoms or ECG changes; 
(2) the narrow acquisition time window we have for post-
exercise imaging does not exist any more. In contrast, 
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post-exercise imaging acquisition should take no longer 
than 45 s, otherwise WMA can rapidly recover, particularly 
in young patients and patients taking β-blockers. To scan 
the patient both during peak exercise and quickly during 
post-exercise requires a particular spatial disposition of  
the treadmill, the table and the echocardiographic ma-
chine, each one being close to the others. Figure 1 demon-
strates the arrangement of  these equipments in our labo-
ratory. The transducer cable length should be adequately 
long, recognizing that it is not made the same length by all 
manufacturers; and (3) the post-exercise imaging period 
can be used to obtain other important information, such 
as mitral regurgitation (MR), diastolic function and systolic 
pulmonary artery pressure measurements.

Three technical requirements are mandatory to opti-
mize peak and post-exercise imaging acquisition and also 
for interpretation: (1) a direct ECG wire connection be-
tween the echocardiography machine and the ergometer, 
which is indispensable for obtaining well registered cardiac 
cycles; (2) a continuous imaging acquisition system, which 

allows the acquisition of  multiple cardiac cycles during 
several minutes. After the test, the interpreter only has to 
choose the loops with the highest quality corresponding 
to the different views; and (3) a quad-format screen to 
compare resting and exercise images. Almost all the man-
ufacturers offer equipment with these requirements. The 
cost-effectiveness of  a stress echocardiography laboratory 
may be optimized if  an off-line computer is available to 
read the studies, as the echocardiography machine may 
require to be used in the meantime.

IMAGING INTERPRETATION 
With stress echocardiography, CAD is considered when 
there are resting or stress-induced WMA (hypokinesia, 
akinesia, dyskinesia). When the same WMA are present 
at rest and during stress, the condition is defined as fixed 
WMA or scar. When the WMA appear only during stress, 
the condition is defined as induced WMA or ischemia. 
When there are WMA at rest that worsen with stress the 
condition is defined as mixed scar and ischemia. In this 
latter situation the WMA may develop in the same or 
in a different territory (ischemia at a distance). A semi-
quantitative scale is used to calculate wall motion score by 
dividing the left ventricle (LV) into 16 or 17 segments[12] 
and assigning 1 to normal, 2 to hypokinetic, 3 to akinetic, 
and 4 to dyskinetic segments. The sum of  all the scores 
divided by the number of  visualized segments is the wall 
motion score index. Most laboratories also calculate rest-
ing and exercise LV ejection fraction. Figures 2 and 3 show 
a normal and an abnormal ESE, respectively.

ESE LIMITATIONS
The main limitation of  ESE is the presence of  a poor 
acoustic window in some patients. This percentage has 
dramatically diminished in recent years with the introduc-
tion of  harmonic imaging. In the remaining 5%-10% of  
cases with a poor acoustic window, contrast agents can be 
used to improve myocardial border delineation. However, 
“excellent” visualization of  LV segments is more crucial 
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Table 1  Recommendations for the use of exercise stress echocardiography testing in the initial diagnostic assessment of angina1

Class Ⅰ
   Ⅰ Patients with resting ECG abnormalities, LBBB, > 1 mm ST-depression, paced rhythm, or WPW which prevent accurate interpretation of 

ECG changes during stress
   Ⅱ Patients with a non-conclusive exercise ECG but reasonable exercise tolerance, who do not have a high probability of significant coronary 

disease and in whom the diagnosis is still in doubt
Class Ⅱa
   Ⅲ Patients with prior revascularization (PCI or CABG) in whom localization of ischemia is important
   Ⅳ As an alternative to exercise ECG in patients where facilities, costs, and personnel resources allow
   Ⅴ As an alternative to exercise ECG in patients with a low pre-test probability of disease such as women with atypical chest pain
   Ⅵ To assess functional severity of intermediate lesions on coronary angiography
   Ⅶ To localize ischemia when planning revascularization options in patients who have already had arteriography

From: ESC Guidelines on the management of stable angina pectoris: executive summary[3]. 1Pharmacological stress echocardiography is recommended 
if the patient is unable to exercise adequately. ECG: Electrocardiography; WPW: Wolf-Parkinson-White syndrome; LBBB: Left bundle branch block; PCI: 
Percutaneous coronary intervention; CABG: Coronary artery bypass graft. Class Ⅰ: Benefits are greater than risks, therefore the procedure should be 
performed; Class Ⅱa: Benefits are greater than risks, although additional studies are required - it is reasonable to perform the procedure.

Figure 1  Exercise echocardiography. When the patient is exhausted or 
termination criteria appear (symptoms, significative ST changes, decrease 
or increase in blood pressure, etc.), the observer acquires images by placing 
the transducer in the cardiac apex, then in the parasternal region. Note the 
placement of the table, the treadmill and the echocardiography machine for 
feasible imaging evaluation at peak and post-exercise. The left lateral handlebar 
of the treadmill has been removed to allow for rapid post-exercise positioning of 
the patient on the table.
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for pharmacological stress echocardiography (where diag-
nostic and prognostic information are almost exclusively 

dependent on the imaging), than for ESE, that provides 
diagnostic and prognostic information beyond that pro-
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Figure 2  Resting echocardiography (top) and peak exercise echocardiography (bottom). Four-chamber apical view (diastolic frames on the left, systolic frames on the 
right) in a patient with normal results. Note the left ventricular (LV) cavity dimensions decrease with exercise and an increase in LV ejection fraction. D: Diastolic; S: Systolic.
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Figure 3  Resting echocardiography (top) and peak exercise echocardiography (bottom). Four-chamber apical view (diastolic frames on the left, systolic frames 
on the right) in a patient with significant coronary stenoses in the left anterior descending artery (99%). At rest, wall motion is normal, whereas during exercise a 
septoapical dyssynergia is observed with the typical 8-shaped left ventricular.

Peteiro J et al . Exercise echocardiography



vided by imaging alone (clinical symptoms, ECG changes, 
functional capacity). Although current guidelines recom-
mend the use of  contrast agents when at least 2 myocardial 
segments are non-visualized[13], it should be pointed out 
that the absence of  visualization of  2 contiguous apical 
segments does not have the same significance as the ab-
sence of  visualization of  2 non-contiguous basal segments. 

Secondly, imaging acquisition during ESE is more diffi-
cult than during pharmacological stress, due to the greater 
increase in both heart and respiratory rates with exercise. 
Pharmacological stress echocardiography requires less 
skills than ESE[14]. However, subtle WMA during phar-
macological stress echocardiography may be equated with 
more severe ischemic burden during ESE[15]. In our de-
partment, most physicians and fellows in training acquire 
the necessary expertise to perform peak exercise studies on 
a treadmill with confidence after 100 cases, although this 
number may vary depending on the trainee’s background 
(i.e. previous expertise in pharmacological stress echocar-
diography or post-exercise imaging).

Thirdly, imaging interpretation is made by a semi-quan-
titative approach, which has led to only moderate agree-
ment between observers in different studies[16,17]. However, 
this agreement is higher when either significant WMA 
or extensive CAD, as defined by angiography, is present. 
Interpretation of  WMA may also be more challenging in 
certain situations such as left bundle branch block, paced 
rhythm, and atrial fibrillation. Among 8088 patients hav-
ing a first ESE study in our institution, atrial fibrillation 
was present in 5.2% of  the patients and left bundle branch 
block or paced rhythm in 7.7%. The diagnostic accuracy 
of  WMA for the detection of  CAD may be compromised 
in patients with these ECG abnormalities, in comparison 
with the overall population of  patients referred for stress 
echocardiography[18-20]. Minor abnormalities in the sep-
toapical region should not be considered abnormal in pa-
tients with left bundle branch block or pacemakers; instead 
careful assessment of  the anterior wall in the 2-chamber 
view should be performed. 

Fourthly, some patients may have limited capacity for 
exercising and, as 85% of  the age-predicted maximal heart 
rate may not be achieved in up to 25%-30% of  the pa-
tients, these tests are often considered as non-conclusive. 
This percentage can be reduced by using atropine during 
exercise, therefore reducing the need for pharmacological 
stress[21]. Atropine is particularly useful for patients with 
reduced resting heart rate as a result of  β-blocker therapy, 
peripheral artery disease or arthropathies. 

Finally, since in routine clinical practice not all patients 
can be referred for an ESE study, despite wide availability 
as in our case, proper selection is mandatory. In our institu-
tion, patients with either resting ECG abnormalities, known 
CAD, or intermediate pre-test probability of  CAD are pref-
erentially referred for ESE. Figure 4 shows the algorithm 
used in our center for patients referred for stress testing.

COST-EFFECTIVENESS
The cost-effectiveness of  ESE has been explored in a 
few studies. Marwick et al[22] demonstrated that ESE was 
more cost-effective than exercise ECG. Due to a better 
risk stratification with the former, downstream costs were 
particularly low in patients deemed at low risk by ESE, in 
contrast with patients deemed at low risk by exercise ECG 
results. The difference in cost was mainly due to the high-
er rate of  catheterization and revascularization procedures 
performed during follow-up in patients stratified as low 
risk by exercise ECG. The same group found ESE to be 
a more cost-effective strategy than exercise ECG for the 
decision-making process in women with suspected CAD. 
This approach led to a reduced number of  unnecessary 
coronary angiograms in comparison with a pure exercise 
ECG only approach or with a selective ESE approach 
(ESE for patients with non-diagnostic exercise ECG re-
sults)[23]. Also, ESE was superior to exercise ECG in risk 
stratification of  patients evaluated in chest pain units, 
resulting in less diagnostic uncertainty, fewer referrals for 
further unnecessary investigation, and hence, a significant 
cost benefit over exercise ECG testing[24].

PROGNOSTIC VALUE OF EXERCISE 
ECHOCARDIOGRAPHY
Resting LV function and ischemia are important prognos-
tic markers. These indicators can be evaluated together 
during stress echocardiography. The independent prog-
nostic value of  stress-induced WMA, as well as the excel-
lent outcome of  patients with negative stress echocardiog-
raphy (< 1% events/year)[25] have been demonstrated with 
each stress echocardiography modality. ESE is particularly 
useful for prognostic assessment because exercise param-
eters with well-demonstrated prognostic value (such as 
metabolic equivalents achieved, blood pressure response, 
or percentage of  age-predicted maximal heart rate) may 
be obtained. ESE has its maximal cost-effectiveness in the 
assessment of  patients with intermediate likelihood of  
events[22,26]. We have observed that ESE further catego-
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Figure 4  Algorithm used in our institution for patients with chest pain. CAD: 
Coronary artery disease; ECG: Electrocardiography. 
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rizes patients with intermediate-risk Duke treadmill score 
into those at higher and lower risk of  events. ESE also al-
lows a better stratification of  patients with low-risk Duke 
treadmill score, aiding in the decision whether to perform 
coronary angiography[26]. Several studies have shown that 
gender, functional capacity, rate-pressure product, resting 
LV function, and ischemia are independently associated 
with cardiac events[26,27], and that ESE has incremental 
predictive value in patients with different pre-test prob-
abilities of  CAD[27]. Patients with WMA involving the ter-
ritories of  the 3 coronary arteries, patients with peak wall 
motion score index > 1.5, and patients with ischemia at a 
distance are at higher risk for cardiac events[28]. 

Furthermore, ESE can show worsening of  existing MR 
or development of  new MR during exercise[29-31], due to 
adverse LV remodeling (Figure 5). Assessment of  func-
tional MR is unfeasible with pharmacologic stress testing 
because both dobutamine and dipyridamole reduce LV 
preload. Our group has demonstrated that worsening of  
MR or development of  new MR during ESE is associated 
with a poor outcome. In a recent study on nearly 2000 pa-
tients, those with positive ESE and worsening of  MR had 
an event rate of  11% during a follow-up period of  4 years, 
as compared with 6% in those with a positive echocardio-
gram and no worsening of  MR[30]. In addition, worsening 
of  MR was predictive of  death independent of  the ESE 
results. 

NEW TECHNOLOGY
ESE can be complemented by the addition of  new mo-
dalities of  imaging. As mentioned above, contrast agents 
may be used to improve endocardial border delineation, 
improve diagnostic accuracy of  ESE[32] and reduce the 
need for additional diagnostic tests. However, its use on a 
routine basis may not be cost-effective[33]. Contrast agents 
can also be used to detect myocardial perfusion defects 
during stress. As perfusion defects precede WMA, assess-
ment of  myocardial perfusion may improve the sensitivity 
of  stress (particularly pharmacologic) echocardiography 
for detection of  ischemia, albeit at the expence of  specific-
ity[34]. It should be noted that the assessment of  myocardial 

perfusion during ESE is not without certain technical limi-
tations[35]. 

Tissue Doppler imaging and speckle imaging can as-
sess myocardial velocities and strain, increase the agree-
ment between observers, and also improve the accuracy 
of  wall motion assessment by less experienced observers, 
but do not increase the accuracy of  the visual assessment 
when performed by experienced observers[36,37]. Speckle 
imaging can be effectively used to assess the torsional 
movement of  the myocardium, which is altered during 
ischemic conditions[38]. However, only one study has as-
sessed LV torsion during stress echocardiography[39]. In 
this study, apical counterclockwise rotation was increased 
in patients with ischemia, suggesting that subendocardial 
ischemia might have led to a compensatory enhance-
ment of  the subepicardial counterclockwise rotation. In 
contrast, in previous experimental studies, more intense 
ischemia was associated with a reduced counterclockwise 
apical rotation and LV torsion[40]. Therefore the clinical 
applications of  the assessment of  LV torsion remain to 
be better defined.

Speckle imaging may also be used to assess tardokine-
sis, which is difficult to observe visually. In a recent ESE 
study, delayed strain was found to be more sensitive than 
WMA for the detection of  CAD. While WMA usually re-
covered in less than 2 min, strain delay recovery lasted as 
long as 10 min[41].

Finally, 3-DE is able to acquire LV full-volume im-
ages over a few cardiac cycles. Off-line management of  
the obtained images (cropping) then allows evaluation of  
wall motion in any desired image plane at rest and at peak 
stress[42-44]. Although the imaging acquisition is therefore 
very quick, a relatively long time is necessary to crop the 
required images. We have demonstrated similar sensitivity 
and specificity with exercise 3-DE (Figure 6) and exer-
cise 2-DE, but the feasibility of  performing 3-DE was 
lower[44]. Present limitations are suboptimal imaging quality 
and low frame rate. Recent developments now allow a full-
volume acquisition in only 1 cardiac cycle (i.e. 1 s) with a 
frame rate of  around 20, which is promising for ESE. 

To summarize, these features are not available in all 
ultrasound systems, their advantages over conventional 
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Figure 5  Example of a patient with mild ventricular dysfunction (resting left ventricle ejection fraction 49%, exercise left ventricle ejection fraction 46%) 
who developed severe mitral regurgitation (MR) during exercise. This patient had no MR at rest (left), severe MR developed in the immediate post-exercise 
period (center), which did not completely disappear until 7 min after exercise (right) (From Peteiro et al[32]).
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2-D imaging are not fully clear, and additional expertise is 
necessary for their interpretation. Although the value of  
these techniques, when added to traditional assessment, 
is currently unknown, it can be speculated that speckle 
tracking imaging has the potential to reduce the need for 
alternative tests in selected cases. 

EXERCISE ECHOCARDIOGRAPHY: FROM 
THE EVALUATION OF CHEST PAIN TO 
THE ASSESSMENT OF DYSPNEA 
ESE has been a useful tool for evaluation of  chest pain 
in patients with known or suspected CAD for the last  
30 years. Nevertheless, its capacity for comprehensive car-
diac assessment during exercise has made this technique 
also valuable for evaluation of  dyspnea in patients with a 
variety of  cardiac diseases. ESE has been found to be par-
ticularly useful for functional assessment of  patients with 
valve disease or cardiomyopathies, better prediction of  re-
sponse to resynchronization therapy, and identification of  
diastolic dysfunction as the cause of  dyspnea.

Impaired LV diastolic function is associated with an 
adverse outcome in patients with heart disease. Among 
the numerous indices of  diastolic function, the ratio of  
early transmitral flow assessed by pulsed Doppler (E) to 
early diastolic annulus velocity assessed by tissue Dop-
pler (é) is closely related to LV end-diastolic pressure and 
can be easily measured during ESE. A higher E/é ratio 
index is associated with the presence of  dyspnea, lower 
functional capacity, exercise-induced LV dysfunction and 
CAD[5,45]. A change to a pseudonormalized LV inflow 
pattern during exercise is also associated with the same 
poor prognostic indicators[45]. These measurements, along 
with the assessment of  pulmonary artery pressure during 
exercise, may help to clarify causes of  dyspnea in patients 
with different cardiac or noncardiac conditions. The ap-
propriate patients for diastolic exercise testing are likely 
those with dyspnea of  uncertain origin and absence of  
WMA on ESE. The additional information offered by ESE 

in patients suspected of  having diastolic dysfunction has 
been recently shown by Holland et al[46]. These investiga-
tors performed ESE in 148 patients with the diagnosis of  
diastolic dysfunction based on resting conventional echo-
Doppler measurements[47]. Only 24% of  the patients had 
functional limitation to exercise and only 36% had an 
increased E/é ratio during exercise. It was concluded that 
resting measurements may not be adequate for accurate 
diagnosis of  diastolic dysfunction because having diastolic 
dysfunction in the absence of  exercise intolerance and an 
E/é increase does not seem plausible. 

The assessment of  dysynchrony during exercise has 
been found to be a better predictor of  response to resyn-
chronization therapy than resting dysynchrony (predictive 
value 89% vs 70%, P = 0.01)[6]. Also, exercise may change 
the magnitude of  dysynchrony and these changes cor-
relate with the changes in the severity of  functional MR 
during ESE[48,49]. Finally, the appearance of  a septal flash 
(septal movement during the isovolumic contraction 
period) during stress in patients with left bundle branch 
block and systolic dysfunction has been correlated with 
the response to resynchronization therapy, although it has 
only been studied by dobutamine stress[50].

ESE has also been used in patients with valve disease 
and discordant symptoms (either symptomatic patients 
with non-severe valve disease or asymptomatic patients 
with severe valve disease) helping in the decision mak-
ing process. Asymptomatic patients with aortic stenosis 
without inotropic reserve during ESE were found to have 
worse prognosis during follow-up in one study[51].

In patients with hypertrophic cardiomyopathy, ESE 
can assess either exercise-induced LV outflow tract ob-
struction, MR, or LV systolic impairment. We found that 
patients with hypertrophic cardiomyopathy and lack of  
increase in LV ejection fraction with exercise have a more 
adverse outcome[52].

THE COMPETITORS
Several non-invasive techniques can compete with ESE 
for identification of  patients in need of  invasive coronary 
angiography. These include exercise ECG testing, phar-
macological stress echocardiography, nuclear myocardial 
perfusion imaging, coronary computed tomography and 
cardiac magnetic resonance imaging. Table 2 shows the 
sensitivity and specificity of  these techniques in compari-
son to stress echocardiography. Although information on 

Table 2  Sensitivity and specificity of stress echocardiography 
and competing methodologies

Sensitivity (%) Specificity (%)

Exercise ECG testing[53] 50 90
Stress echocardiography[54] 80 84
Nuclear techniques[54] 84 77
Magnetic resonance[55] 89 87
Coronary computed tomography[56] 98 90

ECG: Electrocardiography. 

Figure 6  Cropped views obtained from a left ventricle full-volume during 
3-dimensional exercise echocardiography in resting conditions (left panel) 
and during peak exercise (right panel) in a patient with severe 3-vessel 
disease. Note exercise-induced akinesia and dilation in the short axis apical views 
(arrows), as well as hypokinesia and dilation in the short-axis view at the papillary 
muscles level. 3-DE: Three-dimensional exercise; D: Diastolic; S: Systolic.
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the coronary anatomy might be desirable for certain pa-
tients, the outcome of  CAD patients is more often related 
to the extent of  myocardial ischemia during stress than to 
the number of  diseased vessels assessed by the anatomic 
methods[57-59]. Therefore, decisions regarding revasculariza-
tion procedures should not be based solely on the coro-
nary anatomy, but should be based on the evidence that 
a particular coronary stenosis has an objective functional 
significance. 

There are further advantages of  ESE over these other 
techniques, including: safety (approximately 1 event/7000 
in ESE, 1/700 in pharmacological stress echocardiogra-
phy)[60,61]; relatively high diagnostic accuracy (sensitivity 
80% and specificity 86%)[54], comparable to that of  nucle-
ar imaging but higher than that of  exercise ECG[53]; solid 
prognostic data (less that 1% events/year in patients with 
a negative stress echocardiogram)[22,25,27,62]; and the fact that 
it is a green technology (compared to nuclear myocardial 
perfusion imaging and coronary computed tomographic 
angiography that may expose the patient to radiation lev-
els equivalent to as many as 600 plain chest X-rays)[63]. In 
addition, the cost of  stress echocardiography is lower than 
that of  other noninvasive imaging techniques. According 
to the American College of  Cardiology/American Heart 
Association guidelines, if  1 is the cost of  an exercise ECG 
test, 2 would be that of  an ESE, but 5.7 would be the cost 
of  a nuclear imaging technique[1]. As stress echocardiog-
raphy is usually performed and interpreted by cardiology 
staff  in a quick fashion after a single procedure, the results 
are usually readily available. ESE in particular is the only 
non-invasive modality where an intravenous line is not even 
required. 

According to the consensus statement by experts on 
stress echocardiography of  the European Association of  
Echocardiography, stress echocardiography should be pre-
ferred over stress scintigraphy, because the information 
provided by both techniques is similar, but the latter poses 
a significant biological risk not only for the individual but 
for society[64]. Magnetic resonance might compete in the 
future with stress echocardiography as it is also a non-
radioactive method with relatively higher sensitivity[55]. 
However, its availability is currently lower and most pro-
tocols are based on pharmacological stressors rather than 
exercise.

CONCLUSION
Because of  its low cost, safety, diagnostic and prognostic 
capabilities, and lack of  radiation exposure, ESE should be 
considered as a first-line technique for patients with sus-
pected or confirmed CAD. It is the first indication for pa-
tients with resting ECG abnormalities and for those with 
inconclusive exercise ECG test results. In addition, ESE 
may be a useful alternative to conventional exercise ECG 
testing in centers where facilities and resources allow. The 
need for exhaustive training should not be a limitation for 
a technique that adds significantly to the decision-making 
process for patients with known or suspected CAD.
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