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Stress echocardiography
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Noninvasive tests play a pivotal role in everyday cardiology practice in risk-stratifying
patients for adverse cardiac events. They are particularly useful for the 10-80% of patients at
intermediate risk after initial clinical assessment. If noninvasive tests are indicative of lower risk,
invasive investigations could then be avoided in such patients, saving them from the inherent
risks of invasive procedures. This approach may also translate into significant cost reduction to
our health care system. Exercise electrocardiography (EX-ECG) has been widely used, but its
modest sensitivity (68%) and specificity (77%) limit its popularity.1 Radionuclide myocardial
perfusion imaging (MPI) provides superior accuracy, but it is more time-consuming, labourintensive, and relatively costly. Stress echocardiography (SE) has gained tremendous acceptance
in the last 5 years as an alternative to MPI. Its advantages over MPI are multi-fold:
• Additional information such as valvular anatomy, intra-cardiac thrombus and pericardial
effusion, and other aspects of left ventricular anatomy and function are available
• the test and reporting can be completed within one hour
• there is no radiation hazard
• the cost is significantly less.2
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Stressors
Both exercise or pharmacological stressors are used in SE. Exercise treadmill test (ETT),
using the Bruce protocol, is more popular in North America. Echocardiographic image acquisition has to be completed within 90 seconds after peak exercise to preserve test sensitivity.3 In
Europe, where cycling is more prevalent, supine or upright bicycle stress is more widely used. Its
added advantage is that it allows image acquisition at rest, low stress, peak stress, and in recovery. Exercise testing provides additional information on a patient’s exercise capacity, symptoms,
hemodynamic response, and ECG changes during exercise. It is technically more challenging
because of the limited time window for image acquisition after peak stress, and post-exercise
hyperventilation often obscures the images.
During image acquisition, patients lie left laterally after ETT or remain supine or upright on
the bicycle. Four views (parasternal long axis, short axis, apical 4, and 2 chambers) are recorded.
The 16-segment model recommended by the American Society of Echocardiography is adopted
for wall motion analysis. Stress and rest images are digitally displayed side-by-side in a quadscreen format to enhance accurate interpretation. Good image quality is paramount and tissue
harmonic imaging as well as contrast echocardiography has enhanced SE accuracy. Nevertheless,
5% of studies remain non-diagnostic.4
For patients who cannot exercise for various reasons, pharmacological stress with either
dobutamine, arbutamine, dipyridamole, or adenosine is used. Dobutamine has predominant ß2
and some ß1 and α1 agonistic properties.5 It mimics the hemodynamic responses seen during
exercise. Myocardial contractility, heart rate, and cardiac output are augmented and systemic
vascular resistance is lowered. Blood pressure usually improves or remains unchanged due to a
higher cardiac output. The increased myocardial oxygen demand is met by augmented coronary
blood flow. Dobutamine has a half-life of 2 minutes and lasts only 10-15 minutes after the cessation of infusion. Arbutamine is a synthetic catecholamine that mimics the effects of dobutamine.
It is administered by a closed-loop delivery system that allows continuous hemodynamic feed-
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Figure 1: Short axis view of left ventricle at
end systole demonstrating various
responses of the anterolateral wall
to low and high doses of dobutamine infusion.10
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back from the patient for dose adjustment to reach target
heart rate.6 Its efficacy and side effects are similar to dobutamine,7-9 but it is more expensive.
The normal myocardium responds to dobutamine by
increasing wall thickening, endocardial excursion, and
ejection fraction (EF) (Figure 1). 10 Segments that show
normal response at low doses, but become dyssynergic at
higher doses, represent regional ischemia. Dyssynergic
segments at rest that show increased wall thickening and
contractility at low and high doses of dobutamine indicate
stunning. Dyssynergic segments at rest that show
increased wall thickening and endocardial excursion only
at low dose (5-15 µg/kg/min), but become dyssynergic
again at higher doses (biphasic response), represent viable
myocardium supplied by a critically stenosed artery.
Dyssynergic segments that do not improve at low and
high dose of dobutamine represent scar tissue.
Dobutamine stress echocardiography (DSE) protocols
vary between laboratories. Usual dose ranges are 5-40
µg/kg/min in 10 µg/kg/min increments every 3-5 minutes
until target heart rate of 85% maximum predicted heart
rate is reached. Atropine (0.5-2.0 mg) in small boluses is
given if target heart rate is not reached at peak dobutamine
infusion. Echocardiographic images are recorded before
each dose increase and in recovery. Intravenous esmolol
can be given to reverse any untoward effects of dobutamine
at the end of study. When DSE is performed for diagnostic
indications, oral beta-blockers are held 2 days prior to the
test. Endpoints to terminate dobutamine infusion include:
• achievement of target heart rate
• significant new or worsening regional wall motion
abnormality

• severe cardiopulmonary symptoms
• severe side effects
• significant ST changes or arrhythmias
• drop in SBP > 20 mm Hg;
• significant hypertension [SBP >240 mm Hg or DBP
>120 mm Hg
• maximum dose of dobutamine is reached.
The safety profile of DSE has been established in
7,000 patients.11-14 Serious complications including ventricular tachycardia (VT), ventricular fibrillation, myocardial
infarction (MI), sustained supraventricular arrhythmias,
and significant hypotension requiring hospitalization
occurred in about 0.5% of patients. There were no deaths.
Fifteen per cent of patients had minor complications such
as premature atrial or ventricular beats, atrial fibrillation or
flutter, non-sustained VT, hypertension, and hypotension.
Non-cardiac side effects such as nausea, vomiting,
headache, tremor and anxiety occurred in about 10% of
patients. Contraindications to DSE include contraindications to exercise testing; acute phase of unstable angina or
MI; uncontrolled tachyarrhythmia or hypertension;
severe aortic stenosis or obstructive hypertrophic cardiomyopathy. Contraindications to atropine are glaucoma
and prosthetic obstruction.
Dipyridamole stress echocardiography (DPE) is more
popular in Europe.15 Dipyridamole, often given as 0.560.84 mg/kg, augments adenosine receptor stimulation
leading to vasodilatation of coronary resistance vessels.
Flow maldistribution or true ischemia results by either
“horizontal or vertical coronary steal.” If target heart rate
is not reached, atropine is given to enhance test sensitivity.
In an overview of 24 DPE reports in 2,038 patients,16 serious complications (MI, 3 rd degree heart block, VT)
occurred in 1/1500 patients. Mortality rate was 1/9000.
5% of patients reported mild adverse effects such as
hypotension, bradycardia, headache, dizziness, nausea and
flushing. Contraindications to DPE include sick sinus syndrome, 2 nd or 3 rd degree heart block and active bronchospastic disease.

Detection of coronary artery disease (CAD)
SE has been reported to have similar accuracy as
radionuclide MPI for detecting CAD. Fleischmann et al
performed a meta-analysis on 44 articles published
between 1990-1997 examining the diagnostic accuracy of
exercise echocardiography (EXE) and exercise thallium or
sestamibi SPECT MPI.17 The overall sensitivity and specificity (unadjusted for referral bias) were 85 % and 77%,
respectively, for EXE, compared to 87% and 64 % for
exercise MPI, and 52% and 71% for exercise ECG (Figure
2). The receiver operating curves showed that EXE had
better discriminating power then exercise SPECT MPI.
Numerous reports on DSE in detecting CAD have
been published recently. In an overview of 28 DSE
reports involving 2,246 patients using angiography as the
reference standard, 18 the weighted mean sensitivity,
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Figure 2: Sensitivity and specificity of EXE, EXMPI and Ex-ECG for detection of
CAD.17
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specificity and accuracy of DSE was 80%, 84% and 81%,
respectively. As expected, the sensitivity improved with
the number of coronary arteries involved. Mean sensitivity increased from 74% for 1-vessel disease to 86% for 2vessel disease and to 92% for 3-vessel disease. DSE is
also useful in revealing the stenosed artery. The mean
sensitivity and specificity were 72% and 88%, for left the
anterior descending artery, 55% and 93% for the circumflex artery, and 76% and 89% for the right coronary
artery. The lower sensitivity for detecting circumflex disease is often due to suboptimal visualization of the lateral
wall endocardium.
In 4 studies comparing DSE with dobutamine sestamibi MPI in 318 patients, sensitivity was 76% vs. 81%,
specificity 85% vs. 71% (p<0.01), and accuracy 80% vs.
78%. The lower sensitivity of DSE is consistent with the
“ischemic cascade” theory 19 that suggests that regional
hypoperfusion precedes contractile dysfunction.
When different modes of SE were compared, EXE had
better sensitivity (85% vs. 75%, p<0.01) than DSE , but
similar specificity (88% vs. 87%). DSE was more sensitive
than DPE (73% vs. 65%, p<0.05), but its specificity was
not significantly different (82% vs. 89%).
Factors that increase the sensitivity of SE in detecting
CAD include the severity of disease (% stenosis and number of involved arteries), achievement of target heart rate,
quality of images, and definition of positivity. The intraobserver and inter-observer agreement ranged from 95%
to 98% and from 92% to 96%, respectively. For individual
segments, agreement ranged from 84% to 97 %.20-23 Several
factors may affect the specificity of SE: true ischemia may
be present without angiographically significant coronary
stenosis; and normal variation in the degree of wall thickening in different regions exist. Overinterpretation is common among inexperienced readers, especially in the basal
posterior wall.24

Risk stratification in patients with CAD
Geleijnse et al reported superior prognostic value of
DSE over sestamibi SPECT MPI in their prospective study
in 220 patients with chest pain.25 Half of these patients had
previous MI. All patients underwent DSE and simultaneous sestamibi SPECT MPI. DSE was positive for ischemia
in 76 and MPI was positive in 91 patients (agreement 77%,
κ=0.51). Within 31±15 months of follow-up, 24 patients
(11%) had nonfatal MI (NFMI) or cardiac death.
Multivariate analysis showed that ischemia on DSE (odds
ratio 4.0) or MPI (O.R. 3.0) had independent predictive
values. The addition of MPI to non-diagnostic DSE studies
increased the odds ratio to 5.7, whereas the addition of
DSE to nondiagnostic MPI studies was not helpful.
Marwick et al evaluated the prognostic value of EXE in
463 patients with suspected CAD.26 After 44±11 months,
33 patients (7%) had spontaneous cardiac death, MI, or
unstable angina. Ischemia on EXE was strongly predictive
of spontaneous events (RR 8.2, p<0.001). The addition of
echocardiography to exercise and clinical data offered
incremental predictive value.

Risk stratification after MI
In these higher risk patients, SE has also been shown
to be useful. Ryan et al performed EXE and Ex-ECG tests
in 40 patients 10-21 days post-infraction and followed
them for 6-10 months. 27 20 patients had cardiac events
(cardiac death, NFMI, unstable angina or revascularization). The sensitivity and specificity of EXE for cardiac
events were 80% and 95%, respectively, as compared to
55% and 65%, respectively, for Ex-ECG. The positive and
negative predictive values of EXE were 94% and 83%.
Quintana studied 70 patients 7±4 days post-infarction in
the thrombolysis era.28 In 3 years of follow-up, 22 of 27
patients (81%) with positive EXE results had cardiac
events (death, NFMI, revascularization), as compared to
12 of 43 patients (28%) with negative EXE results
(p<0.0001). There was a 43% relative reduction in cumulative event-free survival in those with negative compared
to positive EXE results (p=0.001). EXE also had superior
predicting power than Ex-ECG for cardiac events.
Pharmacological SE has also been studied in this population. 178 post-MI patients underwent predischarge
DSE and symptom-limited Ex-ECG and were followed for
17±13 months.29 There were 5 deaths and 6 NFMI. DSE
had similar positive (24% vs. 23%) and negative predictive
values (98% vs. 95%) for these events when compared to
Ex-ECG. Patients with a positive DSE were 5 times more
likely to develop hard cardiac events compared to those
with a negative DSE. In another study of 406 patients
within 10 days of MI, Bigi et al found that symptom-limited Ex-ECG or DSE had low positive predictive values for
predicting spontaneous cardiac death, NFMI or unstable
angina.30 However, their negative predictive values were
excellent (91% and 90%, respectively). Multivariate analy-
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sis showed that positive low-workload Ex-ECG and
positive low-dose DSE were predictive of cumulative
cardiac events.
In the Echo Dobutamine International Cooperative (EDIC) Study, 31 778 patients underwent DSE
12±5 days post-infarction and were followed for 9±7
months. There were only 14 (1.8%) cardiac deaths
and 24 (2.9%) NFMI in this cohort. Cardiac mortality
(2.2% vs. 1.2%) and NFMI (2.5% vs. 4 %) were not
significantly different in those with or without an
abnormal DSE. However, the wall motion score index
at peak dobutamine dose was the best predictor of
cardiac death (hazard ratio 9.2, p<0.0001). In the
Echo Persantine Italian Cooperative (EPIC) Study,32
DPE was shown to have discriminatory value in risk
stratification. 1080 patients 10±5 days post-infarction
underwent DPE and were followed for 14 months.
Cardiac death rates were 5.6% in those with a positive DPE and 2.3% in those with a normal DPE
(p<0.02). NFMI rates were 5% and 3.3% (p<0.05),
and the 1-year infarct-free survival was 92.2% and
96.6%, respectively (p<0.005) for those with a positive vs. negative DPE.

Cardiac assessment before
vascular surgery
Numerous reports have been published on DSE as
a tool to risk-stratify patients who are at intermediate
risks of adverse cardiac events during or after vascular
surgery. A meta-analysis of 5 DSE studies (446
patients) and 10 dipyridamole-thallium SPECT MPI
studies (1994 patients) published between 1985-1994
was performed by Shaw et al. 33 The odds ratio for
death/NFMI was 14-27 for DSE and 4 for thallium
MPI. The wide confidence interval for DSE was due
to a smaller patient population studied. The positive
and negative predictive values for these hard events
for DSE were 13% and 99%, respectively. Poldermans
et al studied 316 patients with DSE before vascular
surgery and followed them for 19±11 months. 34
Patients were risk-stratified into low, intermediate and
high risk groups, based on the amount of ischemic
myocardial segments on DSE and history of prior MI.
There were a total of 32 (10%) deaths, NFMI or
revascularization in this cohort. The event rates for
these 3 groups were 5%, 20% and 52%, respectively.

Cardiac allograft vasculopathy (CAV)
CAV is a major cause for late mortality in cardiac
transplant recipients. Noninvasive techniques in
detecting hemodynamically significant CAV had been
disappointing due to the diffuse, concentric nature
and aggressiveness of the disease. Surveillance traditionally relies on routine annual coronary angiography. Data had been gathered recently on the utility of
DSE to risk-stratify these patients and to avoid rou-

tine angiography. Akosah reported a 2-year follow-up
series on 77 cardiac transplant survivors.35 Fifty-seven
patients (74%) had positive DSE; 19 patients (33%)
experienced 22 deaths, MI, unstable angina,or heart
failure episodes. No events occurred in patients with a
normal DSE. The peak wall motion score index also
had a predictive value for cardiac events. In another
study comparing DSE with coronary angiography
and intravascular ultrasound (IVUS) in 109 heart
transplant recipients,36 DSE had a sensitivity of 72%
and specificity of 90% in detecting CAV as defined by
IVUS and angiography. Over 5 years of follow-up,
adverse cardiac events occurred in only 1.9% of
patients with normal DSE. Worsening of serial DSE
indicated a 7-fold increase in the risk of cardiac
events. The authors concluded that the prognostic
value of DSE was comparable to angiography and
IVUS, and a normal DSE identified low risk patients
whose angiography could be postponed.

Assessment of myocardial viability
Definition of myocardial viability within infarcted
regions is important in the decision pertaining to revascularization. The presence of viability as determined
by positron emission tomography or thallium MPI had
been shown to be predictive of improved ventricular
function and prognosis after revascularization.37,38 DSE
has also been used to define myocardial viability in
patients with CAD and chronic left ventricular dysfunction. The hallmark of viability of a dyssynergic
segment is increased wall thickening and endocardial
excursion after inotropic stimulation. A “biphasic”
response is seen in chronically ischemic but viable
myocardium supplied by a critically stenosed artery.
Afridi et al reported outcomes of 318 patients
with chronic CAD and LVEF <35% over 18 months.39
Viability was defined as ≥4 dyssynergic segments
demonstrating improvement, worsening or a biphasic
response during DSE. Patients were categorized into
four groups according to the presence of viability and
their revascularization status. There were 51 deaths
(16%). The group with viable myocardium who went
for revascularization had the lowest mortality (6%)
compared to the other groups (p=0.01)(Figure 3).
Meluzin reported 133 patients with CAD and LVEF
<40% who had DSE and underwent revascularization.40 Patients were divided into Group A (≥6 viable
segments), Group B (2-5 viable segments) and Group
C (≤1 viable segments). Over 20 months of follow up,
the change in EF was +8% (Group A), +6% (Group
B) and +1% (Group C), respectively, (p<0.01). The
rate of death, MI, readmission for angina, and heart
failure in each group was 7%, 30% and 39%, respectively (p<0.01). Qureshi compared DSE with quantitative rest-redistribution thallium SPECT MPI in predicting functional recovery in 34 patients with CAD
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Figure 3: Mortality in patients with CAD
and LV dysfunction based on viability and revascularization status.39
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and mean LVEF of 40%.41 For predicting segmental
contractile recovery 6 weeks after revascularization,
the sensitivity, specificity, positive and negative predictive values of DSE were 74%, 89%, 72% and 89%,
respectively, as compared to 90%, 56%, 45% and
94%, respectively, for rest-redistribution thallium
MPI. The lower sensitivity and higher specificity of
DSE have also been reported by other investigators. 42,43 Possible explanations for this discrepancy
include tethering of viable segments on thallium MPI
to scar tissues which impede contractile recovery;
inadequate amount of viable cardiocytes in the scar
area to reach the “critical mass” for functional recovery; and incomplete revascularization.

Valvular heart diseases
SE provides important hemodynamic information
in patients whose symptoms are incongruent with the
severity of their valvular disease.44 The estimation of
mitral inflow gradient, severity of mitral regurgitation,
and pulmonary systolic pressure during EXE or DSE
enables the clinician to correlate patients’ symptoms
with their valvular abnormalities. DSE is also useful in
patients with 2D-echocardiographic findings of a small
aortic valve area (AVA), low aortic gradient (AVG) and
low EF.45 Increases in AVA, AVG and EF with dobutamine infusion suggest systolic dysfunction is the predominant problem. Increases in EF, AVG, but
unchanged AVA indicate fixed aortic valve obstruction.

Conclusion
Exercise or pharmacological SE has emerged as a
reasonable alternative to radionuclide MPI for detecting CAD and for risk stratification of patients in various clinical settings. It has certain logistic and cost
advantages over MPI. However, the reports of accuracy of SE are from dedicated centres with tremendous
experience and may not be replicable in centres of

lower volumes. A learning curve definitely exists for
sonographers and echocardiographers for this new
technique. The choice of noninvasive test often is
determined by local availability, expertise of the facility, patient characteristics and the quality of echocardiographic images obtained.
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