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Abstract: Stress echocardiography is a noninvasive cardiovascular diagnostic test that
provides functional and hemodynamic information in the assessment of a number of cardiac
diseases. Performing stress echocardiography with a pharmacologic agent such as dobutamine
allows for simulation of increased heart rate and increased myocardial physiologic demands in
patients who may be unable to exercise due to musculoskeletal or pulmonary comorbidities.
Dobutamine stress echocardiography (DSE), like exercise echocardiography, has found its pri-
mary application in ischemic heart disease, with roles in identification of obstructive epicardial
coronary artery disease, detection of viable myocardium, and assessment of the efficacy of
anti-ischemic medical therapy in patients with known coronary artery disease. DSE features
prominently in the evaluation and management of valvular heart disease by helping to assess
the effects of mitral and aortic stenoses, as well as a specific use in differentiating true severe
valvular aortic stenosis from pseudostenosis that may occur in the setting of left ventricular
systolic dysfunction. DSE is generally well tolerated, and its side effects and contraindica-
tions generally relate to consequences of excess inotropic and/or chronotropic stimulation of
the heart. The aim of this paper is to review the indications, contraindications, advantages,
disadvantages, and risks of DSE.

Keywords: stress echocardiography, dobutamine, coronary artery disease, myocardial
ischemia

Introduction

Stress echocardiography is a procedure that allows for the dynamic evaluation of car-
diac structure and function during physical exercise or the pharmacologic simulation
of exercise by increased heart rate, cardiac output, and myocardial oxygen demand.
While exercise stress echocardiography provides physiologic information, echocar-
diographic imaging in pharmacologic stress tests is facilitated by the lack of both
exercise-related chest wall motion and increased respirations.! Stress echocardiographic
imaging techniques may be used to evaluate for myocardial ischemia, viability, and
valvular dysfunction.

Compared with traditional radionuclide imaging, pharmacologic stress echocardio-
graphy has the advantage of not requiring specialized radiopharmaceuticals or radio-
nuclide imaging equipment. In contrast with radionuclide imaging, echocardiographic
images can be obtained anywhere along the continuum from rest to peak physiologic
stress. Dobutamine stress echocardiography (DSE) avoids radiation and enjoys relatively
high sensitivity and specificity for multiple types of cardiovascular pathophysiology.
For these reasons, its utility and applicability are increasing in clinical practice.
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This paper reviews the principles, procedure, and
technique of DSE and discusses the indications, contrain-
dications, advantages, and disadvantages of this method of
cardiovascular imaging.

Principles of pharmacologically

induced stress

Exercise-induced physiologic stress is preferred so that
a patient’s functional capacity can be determined and
symptoms can be reproduced. All major echocardiographic
guidelines recommend exercise stress echocardiography
over pharmacological stress echocardiography since exercise
provides a simultaneous physiologic assessment of func-
tional capacity and symptom onset. However, many cardiac
patients are unable to exercise on a treadmill or a bicycle due
to orthopedic, rheumatologic, or pulmonary comorbidities.
For these patients, pharmacologic stress should be pursued.?
Commonly used pharmacologic stressors include vasodila-
tors such as adenosine and dipyridamole, or inotropes, such
as dobutamine.

Dobutamine is an adrenergic agonist, traditionally used in
intensive care units or in end-stage heart failure. Dobutamine
acts on §1-adrenergic receptors to increase cardiac contractility
and heart rate, and on [32-adrenergic receptors to cause periph-
eral vasodilatation. It also has a mild effect on o1-adrenergic
receptors, which causes vasoconstriction, but this effect is
outweighed by the more potent f2-mediated vasodilatation.
The onset of action of dobutamine is 1-2 minutes and the
plasma half-life is approximately 2 minutes.?

The goal of DSE is to detect myocardial ischemia early in
the progression of coronary disease by identifying regional
wall motion abnormalities* under conditions of pharma-
cologic stress. In the context of stress echocardiography,
dobutamine temporarily increases myocardial oxygen con-
sumption and thereby can provoke ischemia. Coronary flow
limitation initially causes diastolic dysfunction because lusi-
tropy is an energy-intensive process. Diastolic dysfunction
often precedes other manifestations of ischemia, including
the visualization of systolic dysfunction.

Performance of DSE

Procedure and technique

The protocol for the standard DSE examination was defined
in the 2007 American Society of Echocardiography (ASE)
guidelines.? A graded dobutamine infusion is given typically
at a starting dose of 5 pug/kg per minute. The goal of the dobu-
tamine infusion is to achieve a heart rate 85% of the maximal
predicted heart rate for the patient’s age. Accordingly, the

dobutamine dose is increased every 3—5 minutes to doses of
10, 20, and 30, and finally to 40 pg/kg per minute.

Dobutamine is metabolized hepatically and in peripheral
tissues, but there is no set dose reduction for those with
hepatic or renal dysfunction. There is also no set reduc-
tion in geriatric patients, even though the US Food and
Drug Administration recommends “cautious” dosing in the
elderly.® Each echocardiography laboratory may specify a
local protocol of minimal and maximal doses and stages.®

The low-dose dobutamine stage is optimal for detec-
tion of ischemia and assessment of viability by searching
for the “biphasic response” where a myocardial territory
augments its contraction at a low inotrope dose but later
becomes hypokinetic or akinetic at higher dobutamine doses.
Therefore, if viability assessment is the principal aim, the
initial dose is often lowered to 2.5 pg/kg per minute.

If the heart rate target is not achieved with dobutamine
infusion alone, atropine (maximum total dose 2 mg, typically
divided into four 0.5 mg doses) can be added,” which increases
the sensitivity of stress echocardiography in patients with
single-vessel disease® or who are on chronic beta-blockers.’
Some practitioners also consider a trial of an increased dose
of dobutamine (50 pg/kg per minute) if the patient is very
close to achieving the 85% maximal predicted heart rate tar-
get. In some laboratories, gentle hand, arm, or leg exercises
are also used for chronotropic augmentation when close to
target heart rate, provided these motions do not impair the
echocardiography examination, electrocardiography (ECG)
tracings, or blood pressure monitoring, and the patient is
able to perform them.

End points of the DSE protocol include achievement
of the target heart rate, detection of moderate wall motion
abnormalities in at least two territories, symptomatic or
sustained arrhythmias, hypotension or severe hyperten-
sion (typically systolic pressure >220-240 mmHg or
diastolic pressure >120 mmHg), or the patient’s inability
to tolerate the test. In some cases, reversal of wall motion
abnormalities is assessed with addition of post-stress beta-
blockers (typically 1-5 mg of intravenous metoprolol).
Beta-blockers given in recovery may, paradoxically,
enhance ischemia by reversing dobutamine-facilitated
vasodilatation and abruptly causing vasoconstriction
(through a mechanism of 1 and also 2 antagonism with
relatively unopposed ol-mediated vasoconstriction).!®!!
In addition, adjunct beta-blockers in recovery may better
unmask subendocardial wall motion abnormality that may
be difficult to distinguish from hyperdynamic contraction
of mid and epicardial layers.!®!! Similarly, in viability
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assessments, sensitivity can be increased by employing a
beta-blocker protocol for scoring of recovery phase wall
motion abnormalities.'?

The sensitivity of DSE for detection of myocardial isch-
emia may be reduced by long-term beta-blockers, calcium
channel blockers, and nitrates.'>'* However, when a patient
chronically takes one of these anti-ischemic drugs, a posi-
tive test for ischemia is more significant, although a negative
test may be less helpful. Many practitioners choose to test a
patient with known coronary artery disease (CAD) on their
anti-ischemic regimen to investigate for the presence of
ischemia and assess whether anti-ischemic medical therapy
has been optimized.

Testing procedure
Patients typically fast for 4 hours prior to the test. All negative
chronotropic agents and nitrates should be held 8—12 hours
before DSE, unless the goal is to assess the efficacy of the
anti-ischemic medical regimen, as described above. The
testing should be performed in an accredited stress echocar-
diography laboratory equipped with appropriate echocardio-
graphic equipment and medications. ASE quality guidelines
mandate that the cardiac ultrasound devices have the ability to
trigger image acquisition based on the ECG and also suggest
that the laboratory employ machines with split-screen and
quadruple-screen display to facilitate simultaneous compari-
son from rest to peak to post-stress images.®

Staffing should include a physician, nurse, and sonographer.
The data support the safety of stress echocardiography super-
vised by a registered nurse along with a sonographer and ECG
technician, who all work in conjunction with a physician in
the echocardiography laboratory.” During the stress proce-
dure, the sonographer obtains echocardiographic images by
applying the transducer to obtain images in the parasternal
(or apical) long axis, parasternal short axis (at mitral valve,
mid ventricle, and apical levels), and apical four chamber
and two chamber windows. Contrast enhancement should
be considered to augment endocardial definition when two or
more contiguous left ventricle endocardial segments cannot be
visualized at rest; the ASE guideline notes that this will occur
in approximately <<10% of stress echocardiograms.® During
a DSE, images of the left ventricle at each echocardiographic
window are obtained during rest, low-dose dobutamine, peak-
dose dobutamine, and post-stress. Attention must be paid to
profile the exact same echocardiographic plane (and at the
same depth) during stress imaging to facilitate comparison
with baseline images and to permit accurate identification of
wall motion abnormality.

Testing interpretation

Each stress report must comment on the adequacy of stress
(achievement of target heart rate or estimated workload),
symptoms, blood pressure response, and any electrocardio-
graphic (ischemic or arrhythmic) and echocardiographic
changes. The typical stress echocardiography report should
comment both on global left ventricular function and regional
left ventricle function, along with a summative comment on
the significance of the findings. Per ASE guidelines, regional
wall motion abnormalities are assessed on the basis of a
16-segment model of the left ventricle. Other cardiology
guidelines, including for myocardial perfusion imaging,
employ a 17-segment model that includes the apical cap,
but because the normal tip of the apex may not move, wall
motion is typically not assessed there on echocardiography.
At stress echocardiography, an ischemic response is generally
defined as decreased wall thickening in at least one segment.
However, when interpreting ischemia, readers should be
cognizant of possible false positive reads in single segments
such as the inferior basal segment in a short axis view, and
attempt to confirm the same wall motion abnormality in the
same segment in multiple views when possible. Multiple
views may not be able to be obtained of some apical seg-
ments, and thus ischemia based on a single abnormal segment
there is reasonable. Unlike for viability which requires two
echocardiographic segments, ASE guidelines do not stipulate
that more than one ischemic segment is required to document
ischemia. Basing ischemia on a single segment will result in
a test protocol very sensitive for ischemia but at the expense
of possible false positive results; requiring two or more seg-
ments will decrease sensitivity but increase specificity for
diagnosis of CAD. In general, we would diagnose ischemia
at stress echocardiography based on decreased wall thicken-
ing in two or more contiguous segments (except for apical
segments) occurring at peak dose; our preference for two
contiguous segments reflects an aim to preserve high speci-
ficity of the test. Extrapolating from the 2011 Appropriate
Use Criteria,'® indication #202 gives an appropriate rating
to use of left ventricular opacification agents when two or
more contiguous segments are not well visualized, thus
highlighting the need to visualize contiguous segments to
diagnose ischemia. For those studies designed to assess car-
diovascular parameters besides ischemia, the report may be
required to discuss results on myocardial viability, presence
of arrhythmias, degree of valvular stenosis or regurgitation,
estimated right ventricular systolic pressure, or diastology.'”
Each laboratory should enact a local policy documenting
the critical values that require urgent communication to the
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requesting physician and/or transfer to a facility for ongoing
care; some of these high-risk findings may include significant
inducible ischemia associated with ischemic dilatation and/
or hypotension, ST segment elevations, ventricular tachycar-
dia, or other major complications. Communication with the
requesting physician in these instances should be documented
in the DSE report.

Contraindications to DSE

Contraindications to DSE are related to the administration of
dobutamine, and include ventricular arrhythmias, recent myo-
cardial infarction (within 3 days), unstable angina, significant
left ventricular outflow obstruction (for example, resting peak
late systolic pressure gradient =30 mmHg, although in our lab-
oratory we use =50 mmHg in selected patients), aortic dissec-
tion, and severe (resting systolic blood pressure >180 mmHg

or diastolic blood pressure >100 mmHg) or symptomatic
hypertension.? The practitioner should also be cognizant of
other cardiac pathologies that may be adversely affected by
increases in heart rate and/or blood pressure, including aortic
aneurysms,' carotid disease, heart failure and cardiomyopathy,
intracranial aneurysms,?® and history of stroke or transient isch-
emic attack. Even in the presence of known abdominal aortic
aneurysms (=4 cm) and intracranial aneurysms, DSE appears
to be a safe modality for cardiac risk stratification, although
the practitioner may reasonably substitute a vasodilator stress
modality in such patients.'*

Complications

Data from 26 studies in a meta-analysis reported the inci-
dence of potentially life-threatening complications of DSE
at <0.01%,?" as detailed in Table 1. Complications such as

Table I Incidence, mechanism, and treatment of the complications of dobutamine stress echocardiography

Complication Incidence Incidence (range) Mechanism Treatment
Overall
Mortality <0.01% 0.00%—-0.01% VF, cardiac rupture Per underlying cause
Mechanical complications
Cardiac rupture <0.01% 0.00%-0.01% Rupture of akinetic or Stop dobutamine, * pericardiocentesis,
dyskinetic segments + surgery
Coronary spasm 0.14% True incidence ol -receptor mediated Sublingual nitroglycerin (note beta-blocker
unknown vasoconstriction would worsen spasm, consider long-term
calcium channel blockade)
Thrombotic complications
Myocardial infarction ~ 0.02% 0.00%-0.1% Plaque rupture, platelet aggregation ~ Stop dobutamine, coronary revascularization
Cerebrovascular <0.01% 0.00%-0.1% Embolism, shearing forces Stop dobutamine, MRI, neurology evaluation
accident with increased BP
Arrhythmia complications
Asystole <0.01% 0.00%—-0.03% Sinus node deceleration or Stop dobutamine, atropine bolus
arrest due to ischemia (0.5-2 mg), £ pacing
Ventricular fibrillation  0.04% 0.00%-0.18% Underlying ischemia and/or scar Stop dobutamine, initiate ACLS
Sustained ventricular 0.15% 0.00%—-0.78% Effect on QTc, increased Stop dobutamine, administer |V beta-blockade
tachycardia intracellular calcium which (5-10 mg), administer IV procainamide or
triggers automaticity amiodarone, cardiovert if unstable
SVT PAC7.8%  PAC (0.7%-27.8%) More common in patients Stop dobutamine, administer beta-blocker
SVT 1.3% SVT (0.0%—7%) with decreased EF, increased (5-10 mg), verapamil (10 mg) or digoxin
AFib 0.9%  AFib (0.3%—2.2%) left atrial size and pressure (0.5 mg), cardioversion if unstable
Atrioventricular 0.23% 0.03%-0.68% Myocardial ischemia, For Mobitz |, stop dobutamine and administer
block Bezold—Jarisch reflex, latent atropine
abnormalities of His-Purkinje For Mobitz Il, stop dobutamine (atropine may
system worsen block); assess for myocardial ischemia
(usually seen with wall motion abnormality)
Hypotension 1.7% 0.2%-7.6% (32 agonist reduces SVR; inadequate  Stop dobutamine, Trendelenburg position,
increase in cardiac output to IV fluids, consider atropine
compensate for decrease in SVR
Hypertension 1.3% 0.2%-5.5% More common in patients with Stop dobutamine, administer IV beta-blockers

a history of HTN or intermittent
beta-blocker use

or vasodilator as needed

Notes: Data from Geleijnse et al. Incidence, pathophysiology, and treatment of complications during dobutamine-atropine stress echocardiography. Circulation. 2010;121:

175617675

Abbreviations: ACLS, advanced cardiac life support; AFib, atrial fibrillation; BP, blood pressure; EF, ejection fraction; HTN, hypertension; IV, intravenous; MRI, magnetic
resonance imaging; PAC, premature atrial contraction; SVR, systemic vascular resistance; SVT, supraventricular tachycardia; VF, ventricular fibrillation.
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ventricular arrhythmias are more common in patients with
high-grade ischemic disease and those with left ventricular
dysfunction (ejection fraction <35%), and may occur more
frequently when higher doses of dobutamine are used.
Despite this relatively safe profile, approximately half of
patients experience some reaction to the dobutamine infusion,
including nausea, flushing, headache and neck/chest pound-
ing, paresthesia, urinary urgency, palpitations, or dyspnea.
Atropine is relatively safe but due to its anticholinergic
properties it may cause urinary retention, increased intraocu-
lar pressure, delirium,?? flushing, constipation and delayed
gastric emptying, nausea, dry mouth, and weakness.

Clinical utility and indications for DSE
In general, DSE is used to evaluate for the presence and/or
extent of CAD, but there are other specific indications detailed
in the 2007 ASE guidelines (Table 2).> These include ischemic
heart disease risk stratification, valvular disease, pulmonary
hypertension, hypertrophic cardiomyopathy, dyspnea evalua-
tion, pretransplant evaluation, and assessment of “hibernating”
myocardium. In addition, in the 2011 Appropriate Use Criteria
for echocardiography was jointly published by multiple pro-
fessional societies. The Appropriate Use Criteria highlights
common clinical scenarios describing the appropriate and
inappropriate use of stress echocardiography,'® and mirrors
practice guidelines when able.

Ischemic evaluation
The most common indication for stress echocardiography is
evaluation of myocardial ischemia.”?* The basic principle

Table 2 Indications for dobutamine stress echocardiography

Indication Assessment

Risk stratification Presence and extent of ischemic

of ischemic heart disease myocardium as well as viable and/or
hibernating myocardium

Mitral stenosis Indicated in asymptomatic patients

with severe mitral stenosis, patients
showing symptoms discordant with rest
echocardiographic measures of stenosis,
and assessment of transvalvular
gradients at stress

Aortic stenosis Differentiation of low gradient aortic
stenosis versus pseudostenosis, and
prognosis in low gradient aortic stenosis
(eg, assessment of contractile reserve)
Assessment of pulmonary artery

systolic pressure at stress when patient

Pulmonary hypertension

is unable to exercise

Notes: Data from: Pellikka PA, Nagueh SF, Elhendy AA, et al. American Society
of Echocardiography Recommendations for Performance, Interpretation, and
Application of Stress Echocardiography. | Am Soc Echocardiogr. 2007;20:1021-1041.2

is identification and localization of areas of ischemia by
detecting new or worsening wall motion abnormalities.
Stress echocardiography can be used to assess for ischemia
in patients with or without a prior diagnosis of CAD. For
patients without a prior diagnosis of CAD, stress echocar-
diography can be used to detect inducible ischemia.?>2¢
For patients with a known history of CAD, stress echocar-
diography can be used to assess the extent and severity
of ischemia.?"2

Stress echocardiography has the highest specificity
(88%) among the ischemic tests including traditional
exercise ECG testing, thallium perfusion imaging, single
photon emission computed tomography (SPECT), and
positron emission tomography (PET).?’ Accounting for dif-
ferences in costs, stress echocardiography seems to be more
efficient than SPECT. The incremental cost-effectiveness
ratio for SPECT is $75,000 per quality-adjusted life year
more than stress echocardiography, and the incremental
cost-effectiveness ratio for PET is $640,000 per quality-
adjusted life year more than SPECT.? Another meta-
analysis directly compared stress echocardiography and
SPECT for detection of CAD, and showed no difference in
sensitivity but a significantly higher specificity for exercise
stress echocardiography (77%) compared with SPECT
imaging (64%).%

As aresult of its high specificity, stress echocardiography
enjoys robust negative predictive values for both myocardial
infarction and cardiac death. A large meta-analysis studying
stress echocardiography with exercise quoted a negative pre-
dictive value of 98.4% over a 33-month follow-up.’! There
is no reported sex difference in the diagnostic or prognos-
tic utility of stress echocardiography (see DSE in women
heading).?! A large multicenter, 5-year study of 4,234 women
and 6,898 men undergoing stress echocardiography for CAD
risk stratification found that echocardiographic measures
of inducible wall motional abnormalities and global and
regional left ventricular function were predictive of long-term
outcomes for both men and women.*

More recent data suggest that in patients with left ven-
tricular hypertrophy, stress echocardiography may be the test
of choice in an ischemic evaluation.*® ECG repolarization
abnormalities caused by left ventricular hypertrophy, even in
the absence of baseline ECG abnormalities, often confound
the diagnostic accuracy of exercise ECG testing. In addition,
heterogenous uptake of radionuclide due to left ventricular
hypertrophy may generate a higher false positive rate of
perfusion imaging tests, but this limitation is not applicable
to stress echocardiography.
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Myocardial viability

Determining myocardial viability is one of the most clini-
cally useful applications of DSE. “Hibernating” myocardium
refers to viable but underperfused myocardial tissue that
regains functionality after revascularization.***> Rescue of
hibernating myocardium via revascularization manifests as
improved left ventricular function due to recruitment of the
affected territory.**3® DSE has emerged as a noninvasive
tool for detecting hibernating myocardium and thus identify-
ing patients most like to benefit from revascularization in a
myriad of clinical scenarios.*

At low doses of dobutamine, hibernating myocardium
will augment due to inotropic stimulation (eg, a manifesta-
tion of contractile reserve). At progressively higher doses of
dobutamine, the hibernating segment may exhibit abnormal
wall motion due to the compromised coronary blood flow
being insufficient to meet the increased metabolic demands.
This pattern of wall motion is termed the “biphasic” response,
and it appears to be most predictive of post-revascularization
viability (as compared with patterns of “uniphasic” worsen-
ing or sustained improvement in wall motion).***! ASE guide-
lines recommend that viability assessment at a minimum
includes improvement in at least two echocardiographic left
ventricular segments.? Four or more segments out of a total
of 16 displaying a biphasic response exhibited a specificity of
81% for predicting a =5% increase in post-revascularization
ejection fraction at a median 14-month follow-up of chronic
ischemic cardiomyopathy, with a sensitivity of 83% if the
ejection fraction was >35% and of 92% if the ejection frac-
tion was =35%.%° Another study of 133 patients with chronic
ischemic cardiomyopathy and an ejection fraction <40%
showed that identification of six segments with biphasic
response had greater predictive power for predicting post-
revascularization freedom from cardiac events than a lower
number, eg, two to five biphasic segments.*

DSE performed one week after myocardial infarction that
documents the presence of either an ischemic or biphasic
response has a sensitivity of 82% and a specificity of 80% for
detecting a residual stenosis subtending an area of hibernating
myocardium.” The presence of myocardial viability early after
a myocardial infarction is the single best predictor of recur-
rent in-hospital ischemia and unstable angina after discharge.
Patients with myocardial viability identified on DSE have a
20% chance of recurrent in-hospital ischemia versus a 7% risk
in patients without viable myocardium.* While this result sug-
gests that presence of viable myocardium counterintuitively
portends a poorer prognosis, it is important to also note that
the presence of viable myocardium after myocardial infarction

is also associated with better left ventricular function recovery
and lower long-term mortality.*

Myocardial viability identified with stress echocardiogra-
phy is associated with improved survival after revasculariza-
tion in patients with CAD* and ischemic cardiomyopathy.*’
Specifically in patients with ischemic cardiomyopathy, DSE
is helpful in identifying patients most likely to have improved
survival by undergoing percutaneous revascularization or
coronary artery bypass grafting. For patients with stable
CAD, the biphasic response on DSE is useful in predicting
ultimate post-revascularization left ventricular recovery.*
Furthermore, nitroglycerin has been shown to be useful in
enhancing the sensitivity of DSE to detect viable myocardium
in animal models;* however, its clinical efficacy in human
patients remains controversial. In a study of 32 patients, the
combined nitroglycerin and dobutamine stress echocardio-
gram had the highest specificity (83%) but rest-redistribution
thallium single proton emission tomography had the highest
sensitivity (95%) for detecting viable myocardium.

Valvular disease

Stress echocardiography has the ability to comprehen-
sively assess valvular function, both at rest and during
stress, and indirectly evaluate hemodynamics in real time.
Stenosis and regurgitation of all valves can be evaluated
with stress echocardiography, although the most common
stress echocardiogram applications are in left-sided stenotic
lesions. Exercise echocardiography is the general technique
for assessment of valvular disease except in aortic stenosis
with left ventricular dysfunction. There are limited data for
assessment of aortic regurgitation and mitral regurgitation
by DSE, as there is concern that the afterload-reducing
properties of dobutamine will reduce the degree of valvular
regurgitation.*® Monitoring of tricuspid regurgitation velocity
is commonly done for the purpose of pulmonary pressure
estimation, which bears on the assessment of the severity of
left-sided valvular lesions.

Mitral stenosis

The 2007 ASE guidelines recommend stress echocardiogra-
phy for evaluation of asymptomatic patients with echocardio-
graphically severe mitral stenosis and patients with symptoms
disproportionate to their echocardiographic disease. It is
important to note that stress echocardiography is still not
recommended for routine evaluation of mitral stenosis in
the absence of severe symptoms, severe stenosis by rest
echocardiography, or a clinically meaningful discrepancy in
symptoms and echocardiography.’!
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The ability to evaluate both valvular function and
dynamic transvalvular gradients is particularly helpful
in patients whose symptoms are more severe than their
resting echocardiographic evaluation would suggest.!
A multivariate analysis of patients with rheumatic mitral
stenosis defined a mean transmitral gradient =18 mmHg at
DSE as “high risk” and the best predictor of future clinical
events (eg, heart failure related to mitral stenosis, surgi-
cal or balloon intervention, hemodynamically significant
arrhythmia, or death) with a sensitivity of 90% and a speci-
ficity of 87%.% These high-risk patients likely warrant more
aggressive clinical care and consideration for earlier more
aggressive interventions.

Aortic stenosis

Stress echocardiography is contraindicated in patients with
severe symptomatic aortic stenosis.>! For seemingly asymp-
tomatic patients even with echocardiographically severe
aortic stenosis, low-level exercise stress echocardiography
can confirm their asymptomatic status and exclude the pos-
sibility of patients minimizing their symptoms by insidiously
downgrading their level of activity so as to not perceive
symptoms.

Patients with a low left ventricular ejection fraction
(<35%-40%) and a low mean transvalvular gradient
(<30-40 mmHg), called “low-gradient aortic stenosis”,
pose a diagnostic dilemma.’' This is one of the clinical
situations where DSE is uniquely helpful. In these patients,
it is often very difficult to determine if they have true
valvular stenosis, and thus should be considered for valve
replacement, or instead have “pseudostenosis”, namely left
ventricular contractile dysfunction that makes the aortic
valve appear stenotic, but carries a high risk of dying with
valve replacement. DSE can be useful in differentiating these
patients and determining who might benefit from surgical
intervention.

Specifically, patients with aortic valve pseudostenosis
are able to increase their aortic valve area and decrease the
transaortic gradient in response to the effect of dobutamine
on cardiac contractility and increased cardiac output.>*%*
In contrast, patients with true aortic stenosis are unable to
increase their valve area in response to an increased cardiac
output, and instead the transvalvular gradient increases.>*
DSE can also be used to risk stratify patients with aortic
stenosis and predict long-term valve-related outcomes. For
patients with low gradient aortic stenosis, surgery is most
beneficial for those with documented left ventricular contrac-
tile reserve. Contractile reserve is defined as a 20% increase

in stroke volume (as assessed by the left ventricular outflow
tract velocity time integral) or a 20% relative increase in
ejection fraction.>® The postoperative outcomes for patients
with low gradient aortic stenosis and without contractile
reserve is poor (odds ratio for perioperative death, 10.9; 95%
confidence interval 2.6-43.4).578

Specific transcatheter aortic valve replacement

DSE is particularly helpful in determining appropriate can-
didates for transcatheter aortic valve replacement.* Current
guidelines define “severe aortic stenosis” as an aortic valve
area =1 cm? or a mean aortic valve gradient of =40 mmHg.”!
The PARTNER (Placement of Aortic Transcatheter Valve)
trial used a valve area of <0.8 cm? a peak transvalvular
velocity of =4 m/sec, or a mean gradient of =40 mmHg to
define “critical aortic stenosis” and select patients appropriate
for consideration of transcatheter aortic valve replacement.®
Patients with small valve areas but low gradients pose a
diagnostic challenge. DSE is very helpful in distinguish-
ing between true severe aortic stenosis and pseudostenosis
secondary to reduced left ventricular systolic function. It
is particularly helpful in estimating contractile reserve and
guiding appropriate therapies.> In addition, for patients with
low gradients, normal systolic function, and low flow aortic
stenosis, DSE can be helpful in determining the projected
valve area under normal flow states and helping guide appro-
priate therapeutic interventions.°!

Mitral regurgitation

Doppler analysis allows the severity of the regurgitant lesion
to be quantified, with many echocardiographic parameters
contributing to the gradation of severity. The effect of mitral
regurgitation on pulmonary pressures and right ventricular
function during exercise is a commonly assessed metric.
During exercise, an exaggerated rise in pulmonary pressure
suggests more severe mitral valve disease than indicated
solely by the echocardiographic appearance at rest.* To date,
there are limited data describing the utility of DSE in assess-
ing pulmonary pressures and right ventricular function in
mitral regurgitation, in part because of the afterload-reducing
effect of dobutamine.*

Pulmonary hypertension

Doppler evaluation of the tricuspid valve regurgitant velocity
is used to estimate right ventricular systolic pressure with a
derivation of the Bernoulli equation (right ventricular sys-
tolic pressure and pulmonary artery systolic pressure will be
equal except in right ventricular outflow tract obstruction and
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pulmonary stenosis). This Doppler evaluation is feasible both
at rest®® % and under stress, and may be helpful in quantifying
the severity of pulmonary hypertension as well as detecting
occult or exercise-induced pulmonary hypertension.®*¢
A tricuspid valve regurgitation velocity =2.5 m/sec at
rest corresponds to a pulmonary artery systolic pressure
of =35 mmHg (assuming a right atrial pressure of 10 mmHg)
and defines an upper limit of normal at rest.®**> DSE may be
utilized for detecting pulmonary hypertension secondary to
left-sided valvular disease such as mitral regurgitation and
aortic stenosis, although exercise would be preferable to DSE
if the patient can exercise, and also preferable for regurgitant
lesions. Detection of elevated pulmonary artery pressures
during stress predicts poorer outcomes in these patients and
should prompt consideration of more aggressive valvular
intervention.**

Pretransplant evaluation

Patients with end-stage renal disease are at increased risk
of CAD, and cardiovascular disease is the most common
cause of death after renal transplantation. Therefore, accu-
rate assessment of the extent and severity of CAD prior
to renal transplantation is essential. The accuracy of DSE
for detecting CAD in patients with end-stage renal disease
has been variable (sensitivities 37%—95% and specificities
71%-95%).5” A recent large Cochrane analysis of pretrans-
plant cardiac imaging modalities found that DSE is superior
to myocardial perfusion scintigraphy for detection of CAD
in prerenal transplant patients.*® Stress echocardiography is
also a pretransplant predictor of mortality. In a recent study
of 485 patients with advanced kidney disease (hemodialysis-
dependent or serum creatinine >3 mg/dL), the number of
ischemic segments visualized on DSE independently pre-
dicted post-transplant mortality.”” Notably, the absence of
CAD on preoperative imaging does not necessarily correlate
with cardiac event-free survival after transplant.®® DSE is
also often performed as part of the preoperative evaluation
for liver transplantation; its overall sensitivity for CAD is
poor, but the test has a reasonable negative predictive value
in this population, making it useful to exclude CAD and peri-
operative events.”>’> DSE as an echocardiographic modality
also gives the option of estimating right ventricular systolic
pressures, which may be important given the possibility of
portopulmonary hypertension.

DSE in women
Women often present with symptoms considered atypi-
cal of CAD and are more likely to be underdiagnosed

and undertreated. Stress echocardiography provides prog-
nostic information, even after controlling for clinical and
laboratory data, in women with known or suspected CAD.”
When exercise ECG was directly compared with exercise
echocardiography in women, exercise echocardiography
had a higher sensitivity (81% versus 77%) and specific-
ity (80% versus 56%) for the detection of CAD. Exercise
echocardiography also provided the “best balance” between
accuracy and cost for the diagnosis of CAD in women.™
When echocardiography was compared directly with stress
thallium-201 SPECT, there was no difference in diagnostic
accuracy. These benefits of exercise echocardiography are
believed to be shared by DSE, but exercise would remain
the preferred stress modality if the patient is able to exercise.
For young and middle-aged women, stress echocardiography
avoids the long-term risk of radiation-induced carcinogen-
esis in other analogous radionuclide-based cardiac imaging
modalities. DSE can both accurately restratify women with
an intermediate pretest probability of CAD into a low-risk
group” and distinguish normal from abnormal to limit
unnecessary cardiac catheterization.”

Specific testing considerations

Poor acoustic windows

All forms of echocardiography depend on the acquisition of
ultrasound images. For patients with a large body habitus,
chronic obstructive pulmonary disease, breast implants, or
ascites, the quality of the ultrasound images may be com-
promised and the diagnostic accuracy of the test impaired.
Prior to stress testing, the practitioner should consider for
each patient which test is most appropriate and will yield
the most valuable information for the risks engendered by
the procedure. In addition, as discussed above, contrast can
be used in some cases to improve the visibility of the endo-
cardium and enhance diagnostic utility. The practitioner may
reasonably choose to abort the stress test after inability to
obtain diagnostic echocardiographic windows at rest.

Left bundle branch block

For patients with left bundle branch block, the 2009 American
College of Cardiology/American Heart Association guide-
line updates determined that the sensitivity and specific-
ity of exercise treadmill testing and exercise myocardial
perfusion imaging was inadequate, due to the effects of
increased chronotropy and increased inotropy on worsening
septal paradoxical motion. However, stress echocardiogra-
phy is still valuable in assessing CAD in patients with left
bundle branch block, with higher specificity than myocardial
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perfusion imaging, although somewhat overall reduced
sensitivity when there is septal wall motion abnormality
on rest echocardiography.”””® The choice of stress modality
between exercise and pharmacologic testing in part depends
on patient-specific factors and contraindications to a par-
ticular stressor modality. Thus, exercise echocardiography
is likely overall preferable to DSE, because dobutamine
increases chronotropy and inotropy, thereby contributing to
paradoxical septal motion. In the case of left bundle branch
block in patients unable to exercise, vasodilator myocardial
perfusion imaging is recommended for those unable to
exercise.” However, there have been preliminary analyses
with quantitative metrics such as longitudinal systolic strain
and strain rate as assessed by velocity vector imaging during
DSE in patients with left bundle branch block.*

Hypertensive response

Patients with a hypertensive response at exercise stress echocar-
diography (typically systolic blood pressure >220 mmHg)
have a higher false positive rate of detection of wall motion
abnormalities, ie, 22% compared with 12% for those without
a hypertensive response to stress echocardiography.®' In these
patients, alternative stress modalities should be considered for
subsequent testing (eg, adenosine) or earlier administration of
atropine in the protocol may be considered.®

Prior myocardial infarction

The sensitivity of stress echocardiography is higher among
patients who have had a prior myocardial infarction compared
with those who have not had a prior myocardial infarction
(95% versus 82%). However, the specificity of DSE in
patients with a prior myocardial infarction is much lower
than it is for patients without prior myocardial infarction
(44% versus 84%), likely due to the difficulty of interpre-
tation of the study when there are baseline wall motion
abnormalities. When the infarct size is small or the ischemic
event was remote, the specificity of DSE was improved (84%
for a small infarct versus 33% for a large infarct).®

Left main and triple vessel CAD

Left main and/or triple vessel coronary disease are both
serious life-threatening phenotypes of CAD. Their detec-
tion often alters clinical care by promoting an evaluation for
coronary artery bypass grafting surgery. A meta-analysis of
32 studies comparing stress echocardiography and myocar-
dial perfusion imaging in a head-to-head fashion determined
that stress echocardiography was the preferred method of
testing for detection of proximal left main disease or triple

vessel disease. Stress echocardiography had a higher pooled
sensitivity (94% versus 75%) and a lower negative likelihood
ratio (0.21 versus 0.27) when compared with myocardial
perfusion imaging. Interestingly, there was no significant
difference in the specificities of the two tests (40% for stress
echocardiography and 48% for perfusion imaging).%

Comparison with other

stress modalities

There are multiple modalities available for the detection and
assessment of CAD. Each offers unique advantages and dis-
advantages. Deciding which modality is optimal depends on
the individual patient, their risk profile, and locally available
resources and expertise, especially given that the interpreta-
tion of stress echocardiography is highly operator-dependent.
As with any procedure, centers that perform a high volume
of DSE procedures have the highest diagnostic yield and the
lowest rate of complications.® All standardized guidelines
recommend exercise testing when possible, and both stress
echocardiography and SPECT are well established tests.
Newer imaging techniques include PET imaging, cardiac
computed tomography, and cardiac MRI. PET has high sen-
sitivity and specificity, but its widespread use is limited by
cost and the challenges of radionuclide acquisition. Cardiac
computed tomography allows for coronary calcium screening
but does not offer functional information. It requires a patient
to lie flat and cooperate with prolonged breath holds (up to 20
seconds) for the examination. Similarly, cardiac MRI offers the
most comprehensive cardiac examination but, like computed
tomography, requires the patient to be stable enough to lie flat
in an MRI scanner for approximately an hour and cooperate
with the more complicated breath holds necessary for optimal
image acquisition. Cost and infrastructure requirements limit
widespread use of these three newer modalities.®

Test characteristics

Multiple factors affect the accuracy of cardiovascular diag-
nostic tests (Table 3). Various studies report sensitivities for
overall detection of CAD by DSE ranging from 61%—96%
and specificities ranging from 70%—100%.%" In comparison,
a large meta-analysis of exercise echocardiography reported
sensitivity of 85% and specificity of 77% for detection of
CAD.* Examination of 62 studies from 1991 to 2006 that
included over 6,800 patients found that the sensitivity of
DSE was related to inclusion of patients with prior myocar-
dial infarction. Specificity was lower in patients who had
pre-existing echocardiographic wall motion abnormalities.
In addition, referral bias decreased the specificity of DSE.
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Table 3 Sensitivity and specificity of various ischemic testing

modalities
Exercise  Thallium SPECT Stress PET
ECG rMPI n=628 echo scanning
n>24,000 n=510 n=1,174 n=206

Sensitivity 68 79 88 76 9l

(%)

Specificity 77 73 77 88 82

(%)

Notes: Adapted from Garber and Solomon. Cost-effectiveness of alternative
strategies for the diagnosis of coronary artery disease. Ann Intern Med. 1999:130(90):
719-728. With permission form the American College of Physicians.”
Abbreviations: ECG, electrocardiogram; PET, positron emission tomography;
rMPI, radionuclide myocardial perfusion imaging; SPECT, single photon emission
computed tomography.

Ultimately, the actual specificity of DSE may be lower than
expected due to inclusion of patients with prior myocardial
infarction (due to the definitions of a positive test) and the
negative effects of referral bias.?!

In addition to patient-specific characteristics, whether
or not the maximal age-predicted heart rate is reached
has a significant impact on the sensitivity and specificity
of DSE. A meta-analysis of over 11,500 patients showed
that patients who do not reach their maximal age-predicted
heart rate (on both exercise echocardiography and DSE) but
have a normal stress echocardiogram have a higher rate of
cardiovascular events (nonfatal myocardial infarction and
cardiac death) and revascularization than those who achieved
their maximal age-predicted heart rate. The risk was nearly
three-fold for patients with abnormal stress echocardiog-
raphy and submaximal heart rate response versus patients
with normal stress echocardiography and submaximal heart
rate response.’?

Conclusion

Since its introduction into clinical practice in 1979, stress
echocardiography has played an important role in the evalu-
ation of suspected and known CAD. Dobutamine allows
performance of an echocardiographic stress test in patients
who would not otherwise be able to exercise. This technique
has evolved over the years with technological advancements,
including development of contrast echocardiography for
endocardial definition. Contrast can also be used for myocar-
dial perfusion analyses.® Contrast enhancement has improved
the accuracy of testing and increased the number of eligible
patients.” Recent data suggest that stress echocardiography is
useful in prognosticating outcomes for patients with various
levels of systolic dysfunction, diastolic abnormalities, and
valvular heart disease. Furthermore, there is an emerging role
for stress echocardiography in evaluation of left ventricular

assist devices and in evaluation of potential cardiac transplant
donors.’! Recent studies have also started to examine myo-
cardial mechanics in the setting of stress echocardiography.’?
There is still much to be studied, including the added value
of assessing ventricular strain, tissue Doppler, and real-time
three-dimensional data in DSE, the role and appropriateness
of myocardial contrast, application of coronary flow reserve,
and the utility of myocardial perfusion techniques.>* Stress
echocardiography is a versatile and well validated tool for
cardiovascular diagnostic evaluation and will likely continue
to serve as a powerful prognostic tool in years to come.
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