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The accurate noninvasive diagnosis and functional evaluation of
coronary artery disease is an important step in selecting the
appropriate management strategy. Dobutamine stress myocar-
dial perfusion imaging is an alternative to exercise in patients
with limited exercise capacity. In many centers, the test is
performed on patients who have a contraindication for vasodi-
lator stress testing. Recent studies have shown hyperemia in-
duced by the standard dobutamine–atropine stress test is not
less than hyperemia induced by dipyridamole. The feasibility of
the test is 90% and is often higher in patients without �-blocker
therapy. The safety of the test has been well studied and was
also demonstrated in specific patients groups, such as patients
with left ventricular dysfunction, the elderly, and heart transplant
recipients. The diagnostic accuracy has been demonstrated in
patients with and without myocardial infarction and in specific
groups such as those with hypertension, left ventricular hyper-
trophy, and heart transplant recipients and after revasculariza-
tion. The technique has a high sensitivity for prediction of func-
tional recovery in patients with myocardial dysfunction referred
for revascularization. The presence and severity of myocardial
perfusion abnormalities assessed by this method are powerful
predictors of cardiac events, incremental to clinical data. This
article describes the methodology, safety, feasibility, diagnostic
accuracy, and prognostic value of dobutamine stress myocar-
dial perfusion imaging in patients with known or suspected
coronary artery disease, with additional considerations for the
application of the test in specific patient groups.
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Noninvasive diagnosis and functional evaluation of cor-
onary artery disease (CAD) should be accomplished by a
safe method with a high accuracy to guide the physician in
planning the appropriate management of patients with
known or suspected CAD (1–3). Exercise stress testing is

the most widely used method for that purpose (3). The
addition of myocardial perfusion imaging (MPI) in conjunc-
tion with exercise stress improves the diagnostic accuracy
and provides prognostic information incremental to that
obtained by clinical and exercise stress test parameters (1).
However, many patients are unable to exercise as a result of
certain conditions, such as degenerative joint disease, phys-
ical deconditioning, neurologic disorders, chronic obstruc-
tive airway disease, or peripheral vascular disease. In addi-
tion, a substantial proportion of patients can perform only
submaximal exercise stress testing. The test is often incon-
clusive in these patients when they have no objective evi-
dence of myocardial ischemia. In such patients, pharmaco-
logic stress testing is an alternative (2). It is important to
recognize that patients with limited exercise capacity gen-
erally represent a sicker population and have a higher mor-
tality rate than patients who are able to exercise (2). There-
fore, noninvasive evaluation of CAD in patients with
limited exercise capacity should identify a larger proportion
of patients at risk of death and cardiac events. Experience
with pharmacologic stress MPI has been largely with vaso-
dilators (adenosine or dipyridamole). Dobutamine–atropine
stress testing represents a feasible alternative, particularly in
patients who have contraindications for vasodilators, such
as reactive airway disease or high-grade atrioventricular
nodal block (4–6). Earlier studies have shown that the
grade of hyperemia induced by dobutamine is less than that
induced by vasodilators such as dipyridamole and adenosine
(7,8). However, recent studies have shown that with stan-
dard dobutamine–atropine stress testing, the extent of hy-
peremia is not less than that observed with dipyridamole (9).
MPI has been approved recently for use with dobutamine
stress in the United States.

The objective of this article is to discuss the methodol-
ogy, safety, feasibility, and clinical applications of dobut-
amine stress MPI in the diagnosis and prognostic stratifica-
tion of CAD.

METHODOLOGY OF DOBUTAMINE STRESS MPI

Background and Pharmacokinetics
Dobutamine is a synthetic catecholamine with a potent

�1-receptor and mild�1- and �2-receptor agonist activity
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(10,11). After intravenous administration, the drug under-
goes extensive rapid metabolization in the liver, resulting in
a short half-life of approximately 2 min. Low-dose dobut-
amine (2.5–10 �g/kg/min) is used therapeutically in pa-
tients with heart failure and severe impairment of systolic
function because of the marked inotropic effects mediated
by both �1- and �1- receptor activity. This also represents
the basic principle for the use of this agent in the evaluation
of myocardial viability by eliciting contractile response of
dysfunctional myocardium. Higher doses of dobutamine
induce a progressive increase of heart rate mediated by
�1-receptor stimulation. The result is an increase in the
cardiac output as a result of both positive inotropic and
chronotropic response. The drug also causes reduction of
systemic vascular resistance mediated by �2-receptor stim-
ulation. The net result is usually a mild increase of systolic
blood pressure, because the increase of cardiac output is
partially counteracted by the reduction of systemic vascular
resistance.

The increase in heart rate and myocardial contractility
results in an increase in myocardial oxygen demand, with
subsequent hyperemia. This causes a secondary dilation of
the coronary arteries and an increase in blood flow in
normal coronary arteries (12). A minor direct vasodilator
effect on coronary vessels is also achieved by dobutamine.
In myocardial regions supplied by a coronary artery with
significant stenosis, the increase in oxygen demand cannot
be met by an adequate increase in blood flow (12). A steal
phenomenon also occurs, in which blood flow is horizon-
tally diverted from stenotic to normal arteries and vertically
from the subendocardial to subepicardial layer as the former
is subjected to the highest wall stress. Therefore, induction
of flow heterogeneity between myocardial regions sub-
tended by normal coronary arteries and those subtended by
stenotic coronary arteries represents the mechanism for di-
agnosis of CAD by dobutamine MPI (12).

For proper evaluation of flow heterogeneity, the radionu-
clide tracer must be distributed in the myocardium in pro-
portion to blood flow over the range of flows induced by
dobutamine. Earlier studies (7,8) showed that dobutamine-
induced myocardial 201Tl uptake expressed as a percentage
of whole-body uptake is intermediate between exercise and
direct vasodilator stress and that heart-to-background ratios
of 201Tl uptake are similar to direct vasodilator stress (but
less than exercise stress). In the study by Fung et al. (12) in
an open-chest dog model, a critical stenosis of the left
circumflex coronary artery (LCX) was produced with total
ablation of hyperemic response to a 15-s period of complete
occlusion. Eight dogs received 15 �g/kg/min dobutamine
intravenously for 10 min, and 9 dogs received 0.14 mg/kg/
min dipyridamole intravenously for 4 min. Subendocardial
blood flow to the left circumflex area was unchanged after
both dobutamine and dipyridamole when compared with
baseline blood flow. However, subendocardial blood flow
increased markedly after dipyridamole in the control area.
Regional subendocardial blood flow ratio was higher after

dipyridamole than after dobutamine. It was concluded that
dipyridamole induces more flow heterogeneity in regional
perfusion than dobutamine. In contrast to these findings,
Tadamura et al. (9) compared the absolute myocardial blood
flow after intravenous dipyridamole infusion with that dur-
ing dobutamine–atropine administration in healthy male
volunteers. Myocardial blood flow was measured with PET
and 15O-labeled water in 20 healthy young men at baseline,
after dipyridamole infusion (0.56 mg/kg over 4 min), and
during dobutamine (40 �g/kg/min) and atropine (0.25–1.0
mg) infusion. The myocardial blood flow was significantly
increased during dipyridamole infusion and during dobu-
tamine–atropine stress compared with that at rest. Dobu-
tamine–atropine infusion produced greater myocardial
blood flow compared with dipyridamole, whereas coronary
vascular resistance did not differ significantly after dipyrid-
amole administration and during dobutamine–atropine infu-
sion. It was concluded that near maximal coronary vasodi-
latation caused by dipyridamole is attainable using
dobutamine and atropine in young, healthy volunteers. Do-
butamine in conjunction with atropine is no less effective
than dipyridamole in producing myocardial hyperemia (9).

Dobutamine Stress Test
It is usually recommended that �-blockers be withheld

for at least 48 h before the test, because �-blockers reduce
the inotropic and chronotropic effects of dobutamine and,
therefore, may reduce the sensitivity of the technique. Do-
butamine is infused through the antecubital vein starting at
a dose of 10 �g/kg/min (3-min stages), increasing by 10
�g/kg/min every 3 min to a maximum of 40–50 �g/kg/min.
In some patients, the target heart rate (85% of the maximal
heart rate predicted for age) cannot be reached at the max-
imal dobutamine dose, particularly in patients receiving
�-blockers (4,13,14). In these patients, atropine should be
administered at incremental doses up to 2 mg to increase the
heart rate by virtue of vagolytic action, and dobutamine
infusion should be continued. Heart rhythm should be mon-
itored throughout the stress test and recovery. Cough blood
pressure measurements and electrocardiograph recordings
should be performed every 3 min. Criteria for termination of
the test are severe chest pain, ST-segment depression � 2
mm, ST-segment elevation � 1 mm in patients without
previous myocardial infarction (MI), significant ventricular
or supraventricular arrhythmia, hypertension (blood pres-
sure � 240/120 mm Hg), systolic blood pressure drop of
�40 mm Hg, and any intolerable side effect regarded as
being the result of dobutamine (4–6). Side effects of do-
butamine can be reverted by metoprolol (1–5 mg) or esmo-
lol intravenously, if chest pain or arrhythmias do not resolve
after termination of dobutamine infusion. Nitroglycerine
also can be used to treat chest pain, but it does not have the
specific antidote properties of �-blockers. Nitrates might be
reserved for patients in whom �-blockers are contra-
indicated. Contraindications to dobutamine stress testing
include acute coronary syndrome, severe aortic stenosis,
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hypertrophic obstructive cardiomyopathy, uncontrolled hy-
pertension, uncontrolled atrial fibrillation, uncontrolled
heart failure, and known severe ventricular arrhythmias.
Atropine is contraindicated in patients with narrow-angle
glaucoma, myasthenia gravis, obstructive uropathy, or ob-
structive gastrointestinal disorders.

Radionuclide Imaging
Radioactive isotopes that have been studied with dobut-

amine include 201Tl, 99mTc-sestamibi, and 99mTc-tetrofos-
min. The isotope should be injected 1 min before termina-
tion of the test (55.5–111 MBq 201Tl- or 370–740 MBq
99mTc-labeled agents; sestamibi and tetrofosmin). If 201Tl is
used, stress images should be acquired immediately after the
test, because this tracer exhibits significant redistribution.
Redistribution images are acquired 4 h after the stress study
(4). Reinjection of thallium and acquisition of reinjection
images also were shown to enhance detection of reversible
perfusion abnormalities in segments with fixed defects on
redistribution images. This protocol, however, requires 3
sets of images and may be tedious (15). An alternative is to
acquire images of stress and reinjection without acquiring
redistribution images (16,17). Although some reversible
defects may be missed with this protocol, a study of dobut-
amine stress thallium reinjection showed that this method
does not significantly underestimate reversible perfusion
abnormalities with dobutamine as compared with the pro-
tocol of stress, redistribution, reinjection (17). To minimize
the interfering effect of hepatobiliary uptake, stress images
are acquired 1 h after the test if 99mTc-labeled agents were
used. These tracers do not exhibit significant redistribution,
and, therefore, myocardial uptake after 1 h is almost repre-
sentative of the uptake at maximal dobutamine stress, when
the tracer was injected. Rest images require injection of a
similar dose of the tracer. To facilitate the interpretation and
comparison of cardiac tomographic images, a standardized
nomenclature and display of images is recommended by the
Society of Nuclear Medicine (18). A positive test is defined
as a completely or partially reversible perfusion defect. In
patients without a history of MI, the finding of a fixed defect
may represent undiagnosed MI or myocardial hibernation
with severe impairment of resting perfusion (19). A fixed
defect is often considered diagnostic of significant CAD in
these patients. In patients with previous MI, a fixed perfu-
sion abnormality may persist after recanalization of the
infarct-related artery or after revascularization. A fixed de-
fect in this scenario, therefore, is not highly specific for
significant stenosis of the related coronary artery (20). The
severity of myocardial perfusion abnormalities can be esti-
mated by using a sum of perfusion scores in all myocardial
segments. This can be performed semiquantitatively by
visual analysis or quantitatively by circumferential profile
analysis (4).

Electrocardiograph (ECG) Changes. ECG changes lack
sensitivity for the diagnosis of CAD during dobutamine
stress testing in contrast to the moderate sensitivity with

exercise stress testing (21–23). The low sensitivity of ECG
changes with dobutamine may be related to the lower rate–
pressure product with dobutamine compared with exercise
and the tendency to select patients with resting ECG abnor-
malities for pharmacologic stress tests (2,3). The specificity
(and, thus, positive predictive value) of dobutamine stress-
induced ST-segment depression, however, seems excellent,
ranging from 88% to 93% (21–23), but the low sensitivity
warrants performing the test in conjunction with a more
sensitive imaging technique such as MPI. ST-segment ele-
vation is associated with severe myocardial perfusion ab-
normalities, which are often reversible in patients without
previous MI. Although often associated with high-grade
stenosis of the related artery, ST-segment elevation in pa-
tients with previous infarction should not be used as a
criterion for termination of the test, because ST-segment
elevation in these circumstances is not consistently associ-
ated with a reversible perfusion abnormality (24). T-wave
normalization during dobutamine stress testing is associated
with a higher prevalence of reversible perfusion abnormal-
ities in patients with non–Q-wave MI (25).

Heart Rate Response. In the majority of patients, incre-
mental doses of dobutamine induce a progressive increase
in heart rate, which is more prominent at higher dobutamine
doses (4–6). Some patients have a plateau of heart rate
response, particularly those receiving �-blockers and occa-
sionally younger patients with high vagal tone (26). The
increase of myocardial contractility obtained at the low dose
may initiate reflex vagal activation, which tends to counter-
act and even reverse the chronotropic response of the heart
to dobutamine (27). Another pattern of heart rate response is
the sinus node deceleration, defined as an initial increase
and subsequent decrease in heart rate with progressive do-
butamine infusion (28,29). Although this pattern may be
associated with ischemia, it has a low specificity and cannot
be considered to be a reliable sign of ischemia in the
absence of other markers (26,28,29). Atropine often induces
a significant increase in heart rate in these patients and,
therefore, enhances the feasibility of the test. In patients
with a flat heart rate response to dobutamine at lower doses
(20 �g/kg/min), earlier administration of atropine may re-
duce the duration of the stress test.

Hypotension. In most individuals, an increase in cardiac
output compensates for the reduction of systemic vascular
resistance induced by dobutamine. Unlike the situation in
exercise stress testing, the relationship between hypotension
and functional abnormalities during dobutamine stress test-
ing is controversial, reflecting individual variations in pe-
ripheral vasodilator response to dobutamine (30–33). Pre-
dictors of hypotension are high baseline systolic blood
pressure, advanced age, high left ventricular ejection frac-
tion, impairment of systolic reserve, and dynamic left ven-
tricular obstruction (30–33). However, a correlation was
found between dobutamine-induced hypotension and extent
of myocardial dysfunction in patients with previous MI
(32). An increase of systolic blood pressure � 30 mm Hg
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during dobutamine stress testing is associated with less
fixed perfusion defects and a tendency toward a lower
annual event rate (33).

Safety and Feasibility of Dobutamine Stress MPI
The test is considered feasible if the patient achieved 85%

of the maximal heart rate predicted for age (220 minus age,
in years). In patients who fail to achieve the target heart rate,
the test is still considered feasible, if an ischemic endpoint
is reached (angina, ST-segment depression, or reversible
perfusion abnormality) (4,5).

Approximately 10% of dobutamine stress myocardial
perfusion studies are nondiagnostic (4–6). A large propor-
tion of these nondiagnostic tests are encountered in patients
receiving �-blockers and who cannot achieve the target
heart rate. Other causes are the occurrence of limiting side
effects that require termination of the dobutamine stress test.
In our experience, failure to achieve the target heart rate is
rare in patients without �-blocker who can tolerate the
maximal dobutamine–atropine dose.

Noncardiac side effects (nausea, headache, chills, ur-
gency, and anxiety) are not uncommon but are usually well
tolerated and rarely require termination of the dobutamine
stress test. The most common cardiovascular side effects are
angina, hypotension, and cardiac arrhythmias. Dobutamine
stress-induced hypotension (defined as a 20 –mm Hg de-
crease in systolic blood pressure) occurs in approximately
15% of patients (4–6). This is often well tolerated. Severe,
symptomatic hypotension necessitating test termination,
however, occurs only rarely. In our laboratory, we do not
terminate the test unless hypotension is severe (systolic
blood pressure drop of �40 mm Hg) or symptomatic. Pro-
longed angina can be treated with an intravenous �-blocker
(34). In patients with reversible perfusion abnormalities and
CAD, the occurrence of angina is not related to the severity
of reversible perfusion abnormalities (35).

Cardiac Arrhythmias
Premature atrial or ventricular contractions occur com-

monly during dobutamine stress tests. Supraventricular and
ventricular tachycardias each occur in approximately 4% of
patients (4–6). Supraventricular tachycardia can be con-
trolled with the injection of a �-blocker or, in patients with
obstructive airway disease, verapamil. Digoxin is not the
primary choice for the acute management of atrial fibrilla-
tion because of a delayed onset of action. Ventricular tachy-
cardias are usually nonsustained. Patients at high risk of
dobutamine-induced arrhythmias are those with a history of
arrhythmias, hypokalemia as a result of previous diuretic
use (in addition to dobutamine-induced reduction in plasma
potassium concentrations) (4,36–38), and left ventricular
dysfunction or extensive fixed perfusion defects. Sustained
ventricular tachycardias may be managed with an injection
of a �-blocker or lidocaine. In the case of hemodynamic
instability, electrical cardioversion is indicated. In 5 major
reports on the safety of dobutamine stress MPI (4–6,39,40)
in a total of 3,578 patients, there were no reports of death,

MI, or ventricular fibrillation. However, these complica-
tions have occurred sporadically in patients undergoing
dobutamine stress echocardiography (41,42). Atropine in-
toxication is a central anticholinergic syndrome causing
confusion or sedation, treated by 0.5–2.0 mg physostigmine
intravenously. Although this syndrome occurs after high
doses of atropine (5 mg), it has been reported during do-
butamine stress echocardiography in a few patients receiv-
ing 1 mg atropine (41,42).

Does Ischemia Monitoring Contribute to the Safety
of the Test?

The diagnosis of myocardial ischemia with MPI cannot
be established during the test unless ST-segment depression
occurs, because the scintigraphic diagnosis requires inter-
pretation of both stress and rest images. This puts tech-
niques capable of monitoring ischemia, such as echocardi-
ography, at a theoretic advantage with regard to safety.
However, no data indicate that termination of dobutamine
stress testing with the onset of wall motion abnormalities
contributes to the safety of the test. In most case reports
describing dobutamine-induced complications such as car-
diac arrest or nonfatal MI, such events were not heralded by
prior ischemia on the stress echocardiogram. Continuation
of the test in patients without other side effects allows
detection of ischemia in multiple vascular distributions,
which has an important diagnostic and prognostic implica-
tion (1).

Safety in Specific Patient Groups
The Elderly. Cardiovascular disease is the leading cause

of morbidity and mortality in the elderly. Recent advances
in revascularization procedures have led to an increase in
the number of elderly patients undergoing coronary artery
bypass grafting (CABG) or coronary angioplasty, with clear
benefits in short- and long-term survival. A larger propor-
tion of the elderly population is unable to perform exercise
stress testing. Elderly patients are at a higher risk for de-
veloping spontaneous and exercise-induced arrhythmias and
for impairment of compensatory mechanisms for hypoten-
sion. A recent study demonstrated that dobutamine myocar-
dial perfusion scintigraphy is a highly feasible method for
the noninvasive evaluation of CAD in elderly patients
(�65 y old). Ninety-five percent could achieve the endpoint
of target heart rate or an ischemic endpoint (40). The
prevalence of hypotension during the test was significantly
higher in the elderly than in younger patients. However,
most of the episodes of hypotension were asymptomatic,
and the test was terminated because of hypotension in only
2% of patients. During the test, elderly patients had a higher
prevalence than younger patients of supraventricular tachy-
cardia (7% and 1%, respectively), atrial fibrillation (3% and
0.4%, respectively), and ventricular tachycardia (5% and
2%, respectively). However, the tachycardia was terminated
spontaneously, by termination of the dobutamine infusion
or by metoprolol administration. No MI or death occurred
(40).
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Heart Transplant Recipients. Cardiac allograft vascu-
lopathy remains one of the major factors that interfere with
long-term survival in heart transplant recipients (43). The
disease is often silent as a result of autonomic denervation,
and the initial presentation may be sudden death. Exercise
performance remains impaired in heart transplant recipients,
compared with healthy subjects. Dobutamine myocardial
perfusion scintigraphy is a feasible alternative to exercise in
these patients. A recent study showed that dobutamine stress
MPI is a safe and feasible method for evaluation of cardiac
allograft vasculopathy in heart transplant recipients (39).
The prevalence of arrhythmias and minor complications of
dobutamine stress testing were lower in heart transplant
recipients than in control patients. There was an indepen-
dent association between heart transplantation and reduced
risk of arrhythmias and minor side effects of dobutamine
stress testing. These findings indicate that cardiac sensory
and autonomic nerve function plays a major role in the
induction of these complications during the test.

DIAGNOSIS OF CAD

Assessments of the accuracy of dobutamine stress MPI
for the diagnosis of CAD varied among previous studies
(44–68). Many variables may underlie these differences
and can be summarized as follows: (a) Study patients:
number of patients receiving �-blocker therapy (sensitiv-
ity), presence of previous MI (high sensitivity and low
specificity of a fixed defect), prevalence of CAD in the
study population (predictive value), and extent and severity
of CAD (sensitivity is higher with multivessel disease and
with more severe obstructive lesions). (b) Methodology:
maximal dose of dobutamine, use of atropine, planar versus
SPECT imaging, and possibly type of radionuclide tracer.
(c) Verification bias: patients with a positive test are more
likely to be referred for coronary angiography than patients
with a negative test. This tends to increase sensitivity (in-
cluding more true positives and excluding more false neg-
atives) and reduce specificity (including more false posi-
tives and excluding more true negatives). For these reasons,
the normalcy ratio (percentage of individuals with low
pretest probability of CAD who had a normal study) is
considered a better indicator of specificity than angiographi-
cally derived data. (d) Definition of an abnormal perfusion
study: In general, a reversible perfusion abnormality is the
hallmark of a positive stress myocardial perfusion study.
Many studies consider a fixed perfusion abnormality diag-
nostic of a positive test, particularly in patients without
previous MI. (e) Definition of significant CAD (50% vs.
70% stenosis) and possibly the accuracy of the method with
which the severity of CAD was determined (visual vs.
quantitative analysis).

The overall (weighted mean) sensitivity, specificity, and
accuracy of dobutamine stress MPI in a total of 1,208
patients among previous studies were 85% (95% confidence

interval [CI], 83–90), 72% (95% CI, 70–77), and 83% (95%
CI, 80–87), respectively (21,22,44–60) (Fig. 1).

The effect of the number of diseased coronary arteries
was assessed in 11 studies (13,44–46,49,50,54,60,62,
65,66) for a total of 435 patients with CAD. Mean sensi-
tivity was 80% for single-vessel disease, 92% for double-
vessel disease, and 97% for triple-vessel disease (Fig. 2).

Localization of Stenotic Coronary Arteries
One of the major advantages of MPI is the ability to

identify the diseased coronary artery by detecting abnormal-
ities in the corresponding myocardial territories. SPECT
imaging provides a unique and accurate method for tomo-
graphic localization of perfusion abnormalities. The ante-
rior, apical, septal, and anteroseptal walls are assigned to the
left anterior descending coronary artery (LAD). The poste-
rior and lateral walls are assigned to the LCX. The inferior
and basal septal segments are assigned to the right coronary
artery (RCA). The apical lateral segment is considered an
overlap segment between the LAD and the LCX. The apical
inferior segment is considered an overlap segment between
the LAD and the RCA. Overlap segments are assigned to
the regions with concomitant abnormalities.

The sensitivity of dobutamine MPI among previous stud-
ies is 68% for the LAD, 50% for the LCX, and 88% for the
RCA (13,44,46,49,50,54,60,65,66). Corresponding speci-
ficities were 90%, 94%, and 81%, respectively. Specificity
for detection of right CAD was lower than that for left
anterior descending CAD (P � 0.02) and left circumflex
CAD (P � 0.0001). The lower specificity in the RCA region
may be explained by false-positive results related to dia-
phragmatic attenuation of the inferior wall. Sensitivity for

FIGURE 1. Sensitivity, specificity, and accuracy of dobut-
amine stress MPI for diagnosis of CAD. Results represent
pooled data from 13 studies in 1,208 patients.
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detection of left circumflex CAD was lower than that for left
anterior descending CAD (P � 0.005) and right CAD (P �
0.0001). The lower sensitivity for detection of disease in the
LCX may be related to variation in coronary anatomy, with
a small circumflex territory in some patients and the poten-
tial vascular overlap in the posteroinferior wall with the
RCA.

Identification of Extent of CAD
The extent of CAD can be predicted by observing the

number of vascular regions with perfusion abnormalities.
The diagnosis of multivessel CAD has important therapeu-
tic and prognostic implications, because these patients are at
highest risk of cardiac events and represent the group in
which invasive studies with subsequent revascularization
are likely to improve outcome.

Studies have shown that the diagnosis of multivessel
CAD on the basis of perfusion abnormalities in �2 vascular
regions can be accomplished with a high specificity
(13,46,50,60,65,66) (range, 89%–94%) and a modest sensi-
tivity (range, 44%–89%). Several factors may contribute to
the underestimation of the extent of multivessel CAD: in-
adequate stress protocols, premature termination of stress
because of the development of limiting side effects or
angina, presence of collateral circulation, and improper as-
signment of myocardial perfusion regions to coronary ar-
teries, particularly in regions of vascular overlap, such as
the apex, posteroinferior wall, and posterior septum.

Comparison with Dobutamine Stress
Echocardiography

Myocardial ischemia is manifested as mechanical dys-
function, which can be detected by echocardiography. Myo-

cardial perfusion abnormalities occur earlier than wall mo-
tion abnormalities in the ischemic cascade (69,70).
Therefore, dobutamine MPI is more sensitive than echocar-
diography at lower stress levels. The absence of transient
wall motion abnormalities in patients who demonstrate re-
versible perfusion abnormalities with dobutamine stress
should not be interpreted as a sign of less severe ischemia,
because quantitative analysis shows that these patients have
an extent of hypoperfusion similar to that of patients with
concomitant wall motion abnormalities (70).

The advantages of dobutamine stress MPI over echocar-
diography include higher sensitivity, less subjective inter-
pretation of images, availability of quantitative methods,
and feasibility in patients with poor echocardiographic win-
dows. The advantages of echocardiography include wider
availability at lower cost, obtaining the rest and stress stud-
ies in the same setting over a shorter time, higher specificity,
and the ability to monitor myocardial ischemia. However,
interpretation of images requires considerable experience
and is subjective. In 30% of the studies, 1 or more of the 16
myocardial segments used for echocardiographic interpre-
tation cannot be visualized.

In 12 studies (22,46–50,52,54,56,59,65,66) comparing
dobutamine stress MPI with echocardiography in the same
593 patients, sensitivities were 86% and 80%, respectively
(P � 0.05); specificities were 73% and 86%, respectively
(P � 0.005); and accuracies were 82% and 82%, respec-
tively (Fig. 3).

In patients with single-vessel disease, the use of 99mTc-
labeled agents provides the advantages of improved imag-
ing quality, increased consistency of image analysis, and a
larger injectable dose because of the shorter half-life than
201Tl (1). However, recent experimental studies demon-
strated that 99mTc-sestamibi underestimates flow heteroge-
neity induced by dobutamine, because its uptake plateaus at

FIGURE 2. Sensitivity of dobutamine stress MPI according to
extent of CAD. Results represent pooled data from 11 studies in
535 patients with CAD.

FIGURE 3. Comparison of accuracy of dobutamine stress
MPI and simultaneous echocardiography for diagnosis of CAD.
Results represent pooled data from 12 studies in 593 patients.
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a lower flow rate than that of vasodilator agents (71). In
addition, dobutamine may interfere with sestamibi uptake in
the normally perfused myocardium, leading to further un-
derestimation of flow heterogeneity (72). The implications
of these experimental studies were that sestamibi scintigra-
phy might suffer limited sensitivity in patients with single-
vessel CAD (72). Echocardiographic imaging during dobut-
amine infusion was proposed to overcome this potential
limitation. However, a recent study from our laboratory
showed that both echocardiography and sestamibi have a
similar modest sensitivity (56%) for the diagnosis of single-
vessel CAD in conjunction with dobutamine–atropine stress
testing (62). The mean number of ischemic segments was
not different in the 2 techniques. Despite the modest sensi-
tivity of sestamibi, echocardiography did not provide an
advantage in the overall or regional diagnosis of CAD in
these patients. There was no improvement of accuracy by
the synergetic use of both techniques for the diagnosis of
single-vessel CAD compared with the accuracy of either
technique alone. The prevalence of flow malperfusion in
myocardial regions in the distribution of a diseased LCX or
RCA was significantly lower compared with LAD disease
(40% vs. 75%). This can be explained by the larger myo-
cardial mass in the LAD region, which may facilitate the
detection of flow heterogeneity compared with the smaller
myocardial mass supplied by the LCX or the RCA.

Comparison with Vasodilator Perfusion Scintigraphy
The accuracy of MPI in conjunction with dobutamine

was compared with vasodilator agents in 2 studies including
a total of 157 patients (48,56). Sensitivities of MPI and
dobutamine were 84% and 90%, respectively; specificities
were 77% and 78%, respectively; and accuracies were 81%
and 85%, respectively (Fig. 4). Earlier experience suggested
the use of vasodilators as the agent of choice for MPI in
patients with limited exercise capacity, unless contraindi-

cated. However, recent studies have shown that dobutamine
is no less effective than vasodilators in inducing flow hy-
peremia (9). There is no clear evidence to indicate superi-
ority of direct vasodilator over dobutamine stress MPI in
terms of diagnostic or prognostic accuracy. The cost of
vasodilators, particularly adenosine, is higher than dobut-
amine. This, however, represents a small proportion of the
total cost of the radionuclide study. Side effects of dobut-
amine and vasodilator perfusion agents are shown in Table
1 (14–16,73,74).

Gated SPECT
Technetium-labeled myocardial perfusion tracers allow

simultaneous assessment of myocardial perfusion and left
ventricular function by ECG-gated SPECT. This procedure
has the potential to provide comprehensive information for
evaluation of patients with ischemic heart disease, can en-
hance the sensitivity of dobutamine MPI, and improves
identification of myocardial viability in hypokinetic seg-
ments (75,76).

Special Subgroups
Patients with Hypertension. CAD is a major cause of

morbidity and mortality in patients with systemic arterial
hypertension. Exercise ECG has a limited specificity in
hypertensive patients. Abnormalities of myocardial perfu-
sion were reported in hypertensive patients with or without
left ventricular hypertrophy in the absence of significant
epicardial CAD (77). The occurrence of myocardial ische-
mia in these patients has been attributed to microvascular
CAD, impaired vasodilator reserve, increased myocardial
oxygen demand as a result of left ventricular hypertrophy,
increased afterload, and diastolic dysfunction (77). The ac-

TABLE 1
Side Effects and Complications of Dobutamine,
Dipyridamole, and Adenosine Stress Myocardial

Perfusion Imaging

Complication Dobutamine Dipyridamole Adenosine

Tachyarrhythmias 8% 0.00008* 3.3%
Atrioventricular block NA NA 7.6%
Dyspnea 5.8% NA 35.2%
Flushing 0.2% NA 36.5%
Hypotension 3.4% 11% 1.8%
Hypertension 0.01% NA 0.05%
Headache 6.5% NA 14.2%
Dizziness/light-

headedness
4% NA 8.5%

Transient ischemic
attack

NA 0.001 NA

Nausea/gastrointestinal
discomfort

0.6% NA 14.6%

Death — 0.0001% —
Nonfatal infarction — 0.0002% 0.0001%

*Only sustained ventricular arrhythmias were reported.
NA � data unavailable.

FIGURE 4. Comparison of accuracy of dobutamine and va-
sodilator stress MPI for diagnosis of CAD. Results represent
pooled data from 2 studies in 157 patients.
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curacy of stress myocardial perfusion for the diagnosis of
CAD in patients with left ventricular hypertrophy is a sub-
ject of controversy, with some studies indicating a low
specificity and others demonstrating preserved specificity
(77–81). Stress echocardiography was reported in some
studies to be more specific than MPI in hypertensive pa-
tients (80). In contrast, we found that dobutamine stress
echocardiography and simultaneous sestamibi SPECT have
similar accuracy for the diagnosis of CAD in hypertensive
patients with and without left ventricular hypertrophy. The
prevalence of myocardial perfusion abnormalities with do-
butamine stress was similar in patients with hypertension
and clinically matched population at various grades of pre-
test probability of CAD (81).

Although myocardial perfusion abnormalities have been
reported in hypertensive patients without significant epicar-
dial CAD, the exact prevalence of these findings in hyper-
tensive patients with suspected CAD is not known, because
previous studies evaluated a highly selected population. It is
possible that the prevalence of these abnormalities is not
high enough to account for a difference in the specificity of
MPI between patients with and without hypertension. In-
creased awareness of the cardiovascular complications of
hypertension and advances in medical treatment, including
the introduction of safe and effective antihypertensive med-
ications, are expected to have an impact on the attenuation
of the pathophysiologic effects of hypertension on the myo-
cardium and thereby reduce the severity of structural
changes used in the genesis of ischemia in the absence of
epicardial CAD.

Assessment of Vascular Compromise After Revascular-
ization. We recently assessed the accuracy of dobutamine
stress myocardial perfusion SPECT for the diagnosis of
vascular stenosis in 71 patients 3.7 � 3.5 y after CABG
(64). Sensitivity, specificity, and accuracy of reversible per-
fusion defects at dobutamine SPECT for the overall diag-
nosis of vascular stenosis were 81%, 79%, and 80%, re-
spectively. Sensitivity, specificity, and accuracy for regional
vascular stenosis were 66%, 83%, and 74% respectively.

There is some disagreement about the specificity of MPI
for the diagnosis of restenosis after percutaneous translumi-
nal coronary angioplasty (PTCA). Early studies after PTCA
may reveal perfusion defects in the absence of restenosis
because of micovascular plugging. We studied 40 patients
185 � 80 d after successful PTCA with dobutamine stress
sestamibi SPECT (67). The sensitivity for the detection of
restenosis in arteries with previous PTCA was 69%, speci-
ficity was 76%, and accuracy was 72%. The overall sensi-
tivity for the diagnosis of significant coronary stenosis (in-
cluding arteries without previous PTCA) was 79%, with
specificity of 82% and accuracy of 80%.

Another study evaluated 34 consecutive patients with
dobutamine 201Tl SPECT 8 wk to 2 y after PTCA (58).
Sensitivity, specificity, and accuracy for predicting resteno-
sis were 76%, 79%, and 77%, respectively. One study
compared dobutamine thallium with echocardiography in

53 patients after PTCA (59). The sensitivities of echocar-
diography and SPECT for detecting restenosis were 78%
and 74%, respectively; specificities were 93% and 93%,
respectively; and accuracies were 87% and 85%, respec-
tively.

Patients with Left Bundle Branch Block. The diagnosis of
CAD has been challenging in patients with left bundle
branch block (LBBB). ECG changes during exercise are
nonspecific because of the presence of marked repolariza-
tion abnormalities (82). The ability of noninvasive tests to
diagnose or localize CAD in patients with LBBB has been
disappointing. Myocardial perfusion abnormalities may be
detected in the septum in the absence of significant left
anterior descending CAD (83–85). It is believed that the
increase in heart rate and myocardial contractility achieved
by exercise and dobutamine may induce septal perfusion
abnormalities in the absence of left anterior descending
CAD in patients with LBBB (84). The current recommen-
dation is to use vasodilator perfusion imaging in these
patients (3). Reports on the use of dobutamine stress MPI in
patients with LBBB are scarce. Two small studies on 24 and
27 patients, respectively (83,85), reported contradicting re-
sults on specificity. The prognostic significance of perfusion
abnormalities in these patients needs additional evaluation.

Assessment of the Extent of CAD After MI. The role of
stress imaging techniques in the functional evaluation of
CAD after MI is to assess the presence of myocardial
viability in patients with significant systolic dysfunction and
to determine the extent of CAD as well as infarct-related
and remote coronary artery stenoses. Infarct-related coro-
nary artery patency was assessed in 2 studies. In one 201Tl
study (16), sensitivity was 71% and specificity was 83%. In
the other, a 99mTc study (20), sensitivity was 44% and
specificity was 82%. In a study comparing dobutamine
stress sestamibi SPECT and simultaneous echocardiography
in 72 patients with healed MI, sensitivity and specificity of
remote ischemia for diagnosis of remote coronary stenosis
were 68% and 93% for echocardiography and 64% and 90%
for sestamibi SPECT, respectively. The positive predictive
value and specificity of peri-infarction ischemia for the
diagnosis of infarct-related artery stenosis were 89% and
82%, respectively, for echocardiography and 87% and 82%,
respectively, for SPECT. The agreement between both tech-
niques was higher for the diagnosis of remote than peri-
infarction ischemia (84% vs. 66%, P � 0.02).

Determination of the presence of multivessel CAD in
patients with a previous MI should ideally be based on
reversible perfusion defects in 2 coronary vascular territo-
ries. In 3 studies (16,20,63), sensitivity ranged from 14% to
64% and specificity ranged from 80% to 100%.

Diagnosis of Cardiac Allograft Vasculopathy. The occur-
rence of graft vasculopathy is often silent as a result of
autonomic denervation. Sudden death and heart failure,
therefore, may be the initial presentations (43). Coronary
angiography and intracoronary ultrasound imaging allow
structural evaluation of graft vasculopathy. However, the
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associated cost and risk of these invasive techniques may
limit their value for the routine consecutive evaluation of
these patients. In addition, these techniques do not allow
evaluation of the functional significance of the anatomic
abnormality. Previous studies have reported conflicting data
about the sensitivity and specificity of stress MPI. Sensitiv-
ity ranged between 22% and 100%, and specificity ranged
between 55% and 100%. We have demonstrated that do-
butamine stress tetrofosmin MPI had a high sensitivity
(90%) and negative predictive value (79%) for the detection
of cardiac allograft vasculopathy in 50 heart transplant
recipients (61). The high negative predictive value of the
test and the association of a normal study with a low cardiac
death rate indicate that patients with normal perfusion by
this method might be excluded from further invasive stud-
ies. However, the interval at which the stress test should be
repeated in these patients remains to be determined.

ASSESSMENT OF MYOCARDIAL VIABILITY

In patients with left ventricular dysfunction as a result of
CAD, a variable proportion of dysfunctional myocardium
may be viable with potential for improvement after revas-
cularization. Two major mechanisms of viability are recog-
nized: myocardial stunning and hibernation (86). Identifi-
cation of viable myocardium has important therapeutic
implications and provides a useful step in determining
which patient with left ventricular dysfunction is likely to
have improvement of left ventricular function after revas-
cularization. The diagnosis of viability using MPI is based
on the detection of a relatively preserved perfusion (�50%
of the normal uptake) or a reversible perfusion abnormality
in the dysfunctional segments (87). Myocardial viability can
be evaluated by a resting perfusion study using 99mTc-
labeled agents such as sestamibi or tetrofosmin or by rest
redistribution 201Tl (88). However, these techniques do not
allow evaluation of myocardial ischemia and, therefore,
should be reserved for patients who have a contraindication
to stress testing or in whom information regarding myocar-
dial ischemia is available. Many patients referred for eval-
uation of myocardial viability are unable to exercise be-
cause of heart failure symptoms. Dobutamine stress MPI is
a useful technique in these patients, because it is capable of
demonstrating the presence and extent of myocardial ische-
mia as well as myocardial viability and, therefore, provides
useful data for the clinician in deciding whether the patient
should undergo revascularization or continued medical ther-
apy. Experience in this regard has been mainly with dobut-
amine stress reinjection 201Tl imaging. Contractile reserve
evaluation using dobutamine-gated SPECT enhances the
reliability of nitrate-enhanced sestamibi SPECT when used
to predict reversible dysfunction in hypokinetic segments,
whereas perfusion quantification remains superior in aki-
netic and dyskinetic segments (76). Dobutamine stress MPI
has a high sensitivity for the prediction of functional recov-
ery after revascularization, although specificity is modest

(86–88). With regard to identification of viable myocar-
dium, highly sensitive techniques are required to ensure that
none of the patients with viable myocardium will be de-
ferred from revascularization. In general, MPI techniques
are more sensitive and less specific than echocardiography
in the prediction of myocardial function recovery after
revascularization. This may be explained by the fact that the
mechanisms related to viability assessment by perfusion
imaging (intact membrane, preserved cellular uptake of
thallium, intact mitochondria) require less cellular integrity
than those required for eliciting viability by echocardiogra-
phy (inotropic reserve) (86).

A recent study showed that improvement of global left
ventricular function during low-dose dobutamine radionu-
clide angiography is a predictor of improvement of global
function after revascularization (89). Combination of results
of low-dose dobutamine radionuclide angiography and
high-dose dobutamine–atropine stress 201Tl studies before
and after revascularization provided useful information
about the beneficial effects of CABG in patients with ische-
mic left ventricular dysfunction. This information led to
evidence that, in addition to the stunned and the hibernating
myocardium, another entity of viable myocardium exists,
which we called “the reactive myocardium” (90).

We have reported that in patients with reduced ejection
fraction, CABG induces a significant improvement in rest-
ing myocardial perfusion (as demonstrated by dobutamine
thallium MPI) and ejection fraction response to inotropic
stimulation, even if ejection fraction did not improve on
resting studies after revascularization (88). Therefore, rest-
ing myocardial function should not be considered as the
single endpoint in the evaluation of the effects of CABG on
the left ventricular myocardium. A marked improvement of
myocardial perfusion is required before an improvement of
baseline ejection fraction can be observed. However, pa-
tients without improvement in baseline ejection fraction
after CABG demonstrate a mild improvement of myocardial
perfusion that may be sufficient to increase ejection fraction
after CABG during inotropic stimulation but not at rest. We
described the myocardium with these characteristics as the
reactive myocardium, defined as the myocardium that does
not exhibit global improvement of function after revascu-
larization but demonstrates improvement of resting perfu-
sion and ejection fraction response to inotropic stimulation.
These effects may be useful in improving remodeling of the
left ventricle, amelioration of ischemia, decreased propen-
sity to arrhythmias, and improvement of functional capac-
ity. These findings also indicate that absence of regional or
global wall motion improvement after revascularization in
patients with a positive viability study on MPI does not
necessarily imply a false-positive study, considering the
improvement of resting perfusion and contractile response
to dobutamine after revascularization observed in these pa-
tients (90).
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PROGNOSTIC STUDIES

Dobutamine stress MPI has been shown to provide incre-
mental data in the risk stratification of patients with known
or suspected CAD (91–101). A recent study evaluated 308
patients who underwent dobutamine stress sestamibi
SPECT and were followed for 1.9 � 1.1 y. There were 33
hard cardiac events. Event rates were higher after an abnor-
mal perfusion (10%/y) than after a normal study (2.3%/y)
(P � 0.01), even after adjusting for clinical variables (91).
In a study of 392 patients with known or suspected CAD
who underwent dobutamine–atropine 99mTc-sestamibi
SPECT in our center (90), 44 patients (11%) had a hard
cardiac event (cardiac death or nonfatal MI) during follow-
up. Normal scan results were associated with a favorable
prognosis over the follow-up period, with an annual event
rate of 0.8%. In contrast, patients with fixed perfusion
defects alone, reversible perfusion defects alone, and fixed
plus reversible perfusion defects had significantly increased
cardiac event rates of 6.8%, 8.1% and 11.6%, respectively
(93). In a multivariate analysis, only age, history of heart
failure, typical angina, and abnormal scan patterns were
independent predictors of cardiac events. The extent and
severity of reversible perfusion defects were important pre-
dictors of events. In a study comparing dobutamine stress
sestamibi with simultaneous echocardiography in 220 pa-
tients (94), no differences in prognostic value could be
detected between the 2 imaging modalities. The predictive
accuracy of perfusion imaging was higher in patients with
submaximal heart rate, consistent with the theory of the
ischemic cascade (69,70). In another very small study (95)
of patients with known coronary anatomy, annual event
rates of 3% for patients with a normal scan and 44% for
patients with reversible perfusion defects were found. At
multivariate analysis, the only predictors of events were a
history of previous MI and the extent of reversible perfusion
defects. In one study, the incremental prognostic value of
dobutamine stress sestamibi imaging was maintained at
long-term follow-up in 528 patients followed for a median
of 7.5 y (98).

Two studies (96,97) described the value of dobutamine
stress MPI for assessing cardiac risk associated with vascu-
lar surgery. Both studies, in 126 and 142 patients, respec-
tively, found a significantly increased risk for perioperative
major cardiac events in patients with reversible perfusion
defects (50% vs. 5% and 19% vs. 3%, respectively).

Prognostic Value in Patients with Diabetes Mellitus
Diabetes mellitus is associated with an increased risk of

cardiac events. Exercise tolerance in patients with diabetes
mellitus is frequently impaired as a result of noncardiac
disease, such as claudication and polyneuropathy. A recent
study assessed the incremental prognostic value of dobut-
amine stress MPI in 206 diabetic patients unable to perform
an exercise test. The patients underwent dobutamine–atro-
pine stress MPI with either sestamibi or tetrofosmin. During
4.1 � 2.4 y of follow-up, cardiac death occurred in 2 of 69

patients (3%) with normal myocardial perfusion and 34 of
125 patients (27%) with perfusion abnormalities (P �
0.0001). A multivariable Cox proportional-hazards model
demonstrated that the presence of an abnormal scan was
incremental to clinical data in the prediction of cardiac
death (99).

Prediction of Mortality in Heart Transplant Recipients
We assessed the prognostic value of stress myocardial

perfusion scintigraphy using 99mTc-tetrofosmin SPECT in
166 heart transplant recipients studied at a median of 7.4 y
after transplantation. Patients underwent either high-dose
dobutamine (101 patients) or symptom-limited bicycle
stress testing (100).

During a median follow-up of 2.5 y, there were 54 deaths
(33%), of which 16 (30%) were the result of cardiac causes.
Patients with subsequent cardiac death had a higher preva-
lence and severity of myocardial perfusion abnormalities.
Survival rate was higher in the presence of normal perfusion
when the endpoints of cardiac death, cardiovascular death,
and cardiovascular death plus death as a result of multiorgan
failure were considered (P � 0.005). The difference was
still significant but to a lesser extent (P � 0.05) when all
causes of mortality were considered. Abnormalities of myo-
cardial perfusion were incremental to clinical data in the
prediction of cardiac death.

99mTc-Tetrofosmin Imaging
Experience with dobutamine MPI has been largely with

99mTc-sestamibi and 201Tl. 99mTc-tetrofosmin is a newly in-
troduced myocardial perfusion tracer with favorable bioki-
netics and imaging characteristics. However, a recent study
showed that the size of exercise-induced reversible perfu-
sion abnormalities assessed by tetrofosmin is smaller than
that assessed by sestamibi (102). No studies have compared
these tracers in conjunction with vasodilator or dobutamine
MPI.

We studied 124 patients with dobutamine–atropine
99mTc-tetrofosmin SPECT and coronary angiography (60).
Sensitivity was 80%, specificity was 72%, and accuracy was
77%. Sensitivity and accuracy rates were higher using the
criterion of any defect than using only the criterion of
reversible defects (80% and 51%, P � 0.0001; 77% vs.
60%, P � 0.01, respectively). Therefore, optimal accuracy
of the technique is achieved by using both fixed and revers-
ible perfusion abnormalities for the diagnosis of CAD in
patients without an earlier MI.

The prognostic value was also assessed in 712 patients
who underwent dobutamine–atropine stress 99mTc-tetrofos-
min SPECT imaging. Over a mean follow-up period of
37 � 17 mo, 62 cardiac deaths occurred. Nonfatal MI
occurred in 23 patients. The cardiac death rate was 1%/y in
patients with a normal scan and 5.1%/y in patients with an
abnormal scan. The presence of abnormal perfusion was
independently associated with an increased risk of cardiac
death, after adjusting for clinical and stress test data (101).
The extent of perfusion abnormalities has also been shown
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to be predictive of outcome irrespective of the presence or
absence of angina during dobutamine stress (103).

CONCLUSION

Dobutamine stress MPI is a safe and feasible method for
the diagnosis and functional evaluation of CAD in patients
with limited exercise capacity. The accuracy of this method
for the diagnosis of CAD has been demonstrated in various
clinical circumstances. The presence of abnormal myocar-
dial perfusion by this method provides incremental data for
the risk stratification of patients with known or suspected
CAD. Patients with more extensive perfusion abnormalities
are at particularly high risk of cardiac death and nonfatal
MI.
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