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12 INTRODUCTION

Confirming or excluding coronary artery disease in patients with chest pain remains a challenge
because this disease is still the leading cause of death in the Western world (1). Traditionalty,
exercise electrocardiography is performed as a first-line noninvasive diagnostic stress test (2).
However, a substantial number of patients referred for evaluation of chest pain are unable to
perform adequate exercise testing, mainly because of deconditioning or neurologic, respiratory,
peripheral vascular, or orthopedic limitations (3). In these patients, dobutamine stress represents an
alternative, exercise independent siress technique, Usually, this form of stress is combined with
two-dimensional echocardiography, providing functional data on myocardial wall thickening (4), or
nuclear perfusion imaging, providing data on myocardial perfusion (5). Despite the increasing
number of dobutamine tests performed each year, little is known about the relative diagnostic and
prognostic value of the two imaging modalities. In this thesis, a comparison between dobutamine
stress echocardiography and technetium-99m single-photon emission computed tomographic
imaging is presented,

Part A of the thesis deals with the methodology of dobutamine stress testing and the
respective benefits of dobutamine stress echocardiography and technetium-99m perfusion imaging
(chapters 1 to 3). In part B the diagnostic merits of the two stress modalities in patients with
suspected coronary artery disease {chapter 4), prior myocardial infarction (chapter 5), lefl
ventricular hypertrophy (chapter 6), and left bundle branch block {chapters 7 and 8) are discussed.
Part C of the thesis discusses the prognostic merits of the stress modalities in patients with stable
{chapters 9 to [ 1) and suspected unstable chest pain syndromes (chapter 12),

Most of the studies presented in this thesis would not have been possible without support by
the Dutch Heart Foundation (Grant NHS 94.135)

References

I. National Heart, Lung, and Blood Institute: Morbidity from Coronary Heart Disease in the United States.
National Heart, Lung, and Blood Institute Data Fact Sheet. Bethesda. MD. 1990.

2. Chaitman BR. The changing role of the exercise electrocardiogram as a diagnostic and prognostic test
for chronic ischemic heart disease. J Am Coll Cardiol 1986; 8: 1195-1210,

3. Marwick T. Current status of non-invasive techniques for the diagnosis of myocardial ischemia. Acfa
Clin Belg 1992; 47: 1-5.

4. Berthe C, Piérard LA, Hiernaux M, Trotteur G, Lempereur P, Carlier J, Kulbertus HE. Predicting the
extent and location of coronary artery disease in acute myocardial infarction by echocardiography
during dobutamine infusion, 4w J Cardiol 1986; 58: 1167-1172.

5. Mason JR, Palag RT, Freeman ML, Virupannavar §, Loeb HS, Kaplan E, Guunar RM. Thallium
scintigraplty during dobutamine infusion: nonexercise-dependent screening test for coronary disease.
Ap Heart J 1984; 107: 481-485



Part A — Test methodology

Chapter 1

Methodology, feasibility, safefy and diagnostic accuracy of

dobutamine stress echocardiography
Geleijnse ML, Fioretti PM, Roelandt JRTC

J Am Coll Cardiol 1997; 30: 595-606



14

CHAPTER 1

Methodology, Feasibility, Safety and Diagnostic Accuracy of
Dobutamine Stress Echocardiography

MARCEL L. GELEIINSE, MD, PAOLO M. FIORETTI, MD, PuD, FACC,

JOS R. T. C. ROELANDT, MD, PuD, FACC
Rotterdam, The Netherlands

Large numbers of patients referred for evaluation of chest pain
are unsble to perform adeguate, diagnostic exercise testing, In
these patients, dobutamine stress echecardiography (DSE) repre-
sents an alternative, exercise-Independent stress modality. Apart
from the ~5% of patlents with an inadequate aconstic window,
10% of patients referred for this test have nondlagnostic {sub-
maximal negative) test results, Serious side effects during or
shortly after DSE are uncommon, with veatricular fibrillation or
myocardial infarciion occurring in ~1 of 2,000 stedies, No deaths
have been reported, On the basis of a total number of 2,246
patients, reported in 28 studles, the sensitivity, specificity and
accuracy of lhe test for the detection of corenary artery disease
(CAD) were 8050, 84% and 81%, respectively. Mean sensitivities
for one-, {wo- and three-vessel disease were 4%, 86% and 92%,

respectively, The sensitivity for detectfon of disease in the left
circumflex coronary artery (55%) was lower, both compared with
that for left anterior descending (72%) and right coronary artery
disease (76%). The seasitivity of predictivg multivessel disease
by multiregion echocardiographic abnormalities varied widely,
from 3% (o 71%. In direct comparisons, DSE was superior (o
exercise electrocardiography and dipyridamole echocardiography
and comparable to exercise echocardlography and radionuciide
imaging. DSE is a useful, feasible and sale exercise-independent
stress modality for assessing the presence, localization and extent
of CAD.
(J Am Coll Cardiol 1997;30:595-606)
©1997 by the American College of Cardiology

Confirming or excluding coronary artery disease (CAD) in
patients with chest pain remains a challenge because this
disease is still the leading cause of death in the Western world
(1}, Traditionally, exercise electrocardiography is performed as
a first-line noninvasive diagnostic stress test (2), However,
large numbers of patients referred for evaluation of chest pain
are unable to perform adequate diagnostic exercise testing,
mainly because of deconditioning or neurologic, respiratory,
peripheral vascular or orthopedic limitations (3}, In these
patients, dobutamine stress echocardiography {DSE) repre-
sents an alternative, exercise-independent stress modality.
Since its clinical introduction a decade ago (4), DSE has
become an established method for the diagnosis of CAD
(5-32). This review article deals with (1) methodologic aspects,
and (2) clinical applications of DSE to assess the presence,
localization ard extent of CAD,

Methods and Statistical Analysis

We reviewed all DSE studies published in the major
English language journals up to August 1996 that met defined

From ihe Thorawcentre, University Hospital Rotterdam-Dijkzigt and Frasmus
University, Rotterdam, The Netherlands. This work was supported in part by Grant
NHS 94.135 from the Dutch Heart Foundation, The Hague, The Nethertands.

Manuseript received September 7, 1996; revised manuscript recelved April
26, 1997, accepted May 16, 1997.

Address for correspondence: Pr. Marcel L. Geleijnse, Thoraxcentre, Ba 302,
Dr Motewaterplein 40, 3085 GD Routerdam, The Netherdands.

criteria with respect to diagnostic accuracy for the detection of
CAD. These criteria were 1) inclusion of patients both with
and without angiographically defined CAD; and 2) statement
of how many patients with and without CAD had negative and
positive DSE results, Reports indicating that the patients
included were subsets of larger published studies were ex-
cluded. Also excluded from the primary diagnostic analysis
were studies solely involving patients with a myocardial infarc-
tion (MI} because the diagnosis of CAD is already established
in these patients. When DSE was compared with other stress
modalities, only those studies making direct comparisons in the
same patients were included.

Sensitivity was defined as the number of trre positive tests
divided by the total number of patients with angiographically
significant CAD., Specificity was defined as the number of true
negative tests divided by the total number of patients without
angiographically significant CAD. Accuracy was defined by the
total number of true positive and true negative fests divided by
the total number of patients, Normaley rate, a referral bias
independent estimate of specificity (33), was defined as the
proportion of patients with a low pretest likelihood of CAD
(<10%) who had negative iest results. Mean values for
sensitivity, specificity and accuracy were calculated by combin-
ing the results of individuat patient data from multiple studies.
Comparisons of sensitivity, specificity and accuracy were per-
formed using the standardized rormal distribution test. Statis-
tical significance was defined at p < 0.03.
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Abbresiations and Acronyms
CAD = coronary arfery disease

Cl = confidence interval

DSE = dobutamine stress echocardiography
(echocardiographic)

ECG = electsocardiogram, electrocardiographic

LBBB = left bundle branch block

LVH = left veatricular hypertrophy

Ml = myocardial infarction

Te = technetiom

Test Methodology

Bobutamine; pharmacology and mechanism of action. Po-
butamine is a synthetic catecholamine with a relatively short
plasma half-life of ~2 min due 1o rapid metabolization in the
liver to inactive metabolites (34,35). It has strong beta,-
receptor and mild alpha;- and beta,-receplor agonist activity.
When used at low dose (up to 10 pg/kpg body weight per min),
marked inotropic effects (mediated by both alpha,- and beta,-
receptor stimulation) are encountered. These effects are ex-
tensively used for treatment of heart failure. When used at
high dose (20 to 40 pg/kg per min), heart rate is progressively
increased (mediated by betay-receptor stimulation). Systemic
blood pressure increases only minimally because of an increase
in cardiac output and a decrease in systemic vascular resistance
because of peripheral vasoconstrictive effects (mediated by
alpha,-receptor stimulation) overwhelmed by vasedilative of-
fects (mediated by betay-receptor stimulation). In patients
without a sufficient increase in heart rate, the addition of
atropine has been proposed to further increase heart rate by its
vagolytic effects {14), As a result of the hemodynamic changes
there is an increase in oxygen demand, However, in myocardial
regions supplied by a coronary artery with a critical stenosis,
the increase in oxygen demand cannot be met by an adequate
increase it blood flow (36). Hence, regional ischemia develops
and causes repional wall motion abnormalitics that can be
detected by two-dimensional echocardiography (5-32).

Profocol. Protocols for DSE vary from institution to insti-
tution, particulasly with regard to dobutamine dose (range 20
to 40 pug/kg per min), atropine addition (range 0 to 2 mg) and
stage duration (range 2 to 8 min} (5-32,37). Usually, centers
that use lower peak doses of dobutamine use longer stage
durations and stop beta-adrenergic blocking agent treaiment
more often before the test. To date, the most widely used
protocol uses dobutamine up to 40 ug/kg per min, with the
addition of atropine up to 1 mg {14).

According to this protocol, a rest electrocardiogram (ECG)
and two-dimensional echocardiogram are acquired, intrave-
nous access {5 secured, and dobutamine is then administered
intravenously by an infusion pump, starting at 5 or 10 pg/kg per
min for 3 min, increasing by 10 pg/kg per min every 3 min up
fo a maximum of 40 ug/kg per min. In patients not achieving
85% of their theoretic maximal heart rate {220 beats/min
minus age for men, beats/min 200 minus age for women) and

Figere 1. Diagrams showing the 16 regional wall segments and
distribution of coronary perfusion. Lefi, Apical four-chamber view;
middle, apical two-chamber view, right, long-axis view, Dot(ed areas =
Ieft anterior descending coronary artery; crosshatched areas = Teft
circcumflex coronary artery; solid areas = right coronary arfery.

without symptoms or signs of myecardial ischemia, atropine is
administered on top of the maximal dose of dobutamine,
starting with 0.25 mg intravenously and repeated up lo a
maximum of 1.0 mg within 4 min, with continuation of
dobutamine infusion. Throughout dobutamine infusion, the
ECG (three leads) is continuously monitored and recorded (12
leads) at l-min intervals. Blood pressure is measured and
recorded by sphygmanometry or automatic device every 3 min.
The echocardiogram is continuously monitored and recorded
on video or quad screen during the final minute of each
dobutamine {or atropine) stage and recovery, Reasons for
interruption of the test are severe or exiensive new wall motion
abnormalities; horizental or downsloping ST segment de-
pression >0.2 mV at an interval of 80 ms after the J point
compared with baseline; ST segment elevation >0.1 mV in
patients without a previous MI; severe angina; a symptomatic
reduction in systolic blood pressure =40 mm Hg from baseling;
hypertension {blood pressure =240/120 mm Hg); sipnificant
tachyarrhythmias; and any serious side effect regarded as due
to dobutamine. A beta-blocker that can be injecled indrave-
nously must be available to reverse the effects of dobutamine if
they do not revert spontancously and quickly. Contraindica-
tions to DSE include critical aortic stenosis, hypertrophic
cardiomyopathy, uncontrolled hyperiension, uncontrolled
atrial fibrillation, known severe ventricular arthythmias and
electrolyte abnormaiities {mainly hypokalemia) {38,39). The
addition of atropine is contraindicated in patients with narrow-
angle glaucoma, myasthenia gravis, obstructive uropathy or
obstructive gastrointestinal disorders,

Echocardiographic interpretation. For purposes of analy-
sis, the left ventricle s usually divided into the 16-segment
medel recommended by the: American Socisty of Echocardi-
ography {Fig. 1) (40). Although he quad screen format (with
rest, low and high dose and recovery images next to each other
in one screen) facilitates wall motion analysis, it is not a
prerequisite because videotape analysis seems to be as reliable
(41). Wall motion or thickening is reported according to an
arbitrary numerical classification: | = normal, characterized by
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a uniform increase in wall excursion and thickening; 2 =
hypokinesia, denoted by reduced (<5 mm) inward systolic wall
motion; 3 = akinesia, is marked by an absence of inward
motion and thickening; 4 = dyskinesia, indicated by systolic
thinning and outward systolic wall motion. Hypokinetic seg-
ments can be further classified as mild (2A) or severe (2B)
hypokinetic segments to refine the analysis. A nomnal stress
echocardiogram is defined by a uniform increase in wall motion
and systolic wall thickening, with a reduction in end-systolic
cavity area. A positive fest is denoted by development of new
watl motion dyssynergy or by worsening of regional dyssynergy
in one or more segments, In patients with rest wall motion
abnormalities, use of the “biphasic” response (ie., initial
improvement of dyssynergy at low dose followed by worsening
of dyssynergy at high dose) has improved detection of CAD
{42). More subtle criteria for positive test are tardokinesia
(delayed excussions) and relative failure to augment wall
thickening. These more subtle criterda should be used with
caution by unesperienced interpreters because too strict appli-
‘cation could lead to substantiai loss in specificity (43). More-
over, isolated mild wall motion deterioration in mid- or basal
inferoposterior segments needs to be interpreted with caution
because these segments are known to be less specific for CAD
(43,44). Several investigators have reported (8,12,13,25) that
the inclusion of rest wall motion abnormalities in addition to
new or worsening wall motion abnormalities as a criteria for
positive test results in a gain in sensitivity without a loss in
specificity for the detection of CAD. However, the inclusion of
rest wall motion abnormalities as a criterion for CAD is
appropriate only in patients without a previous ME because in
patients with a previous M, this diagnosis is nearly certain and
daes no! require further testing for this purpose,

Qther possibie dobutamine-induced markers of ischemia.
Abnormal left ventricular diastolic filfing. Changes in diastolic
indexes are known to precede systolic changes and therefore
may be a more sensitive indicator of myocardial ischemia (45).
Despite the finding (46) that left ventricular filling is predom-
inantly mediated by a complex interaction of active myocardial
relaxation, passive filling properties and left atrial pressure,
one study cleasly demonstrated (47} that ditring dobutamine
stress testing, an abnormal response of Doppler indexes of left
ventricular early filling (E velocity) is a more sensitive marker
for the detection of significant single-vessel disease than are
wall motion abnormalities. Other, confimmative publications
are needed to Armly establish the clinical utility of feft ventric-
ular filling indexes.

Sinus node deceleration. Dobutamine stress-induced sinus
node deceleration, defined as an initial increase and subse-
quent decrease in heart rate with progressive dobutamine
infusion, occurs more often during dobutamine infusion than
during exercise (48), In a small group of patients, it was
reported {49) to be a specific marker of inferior wall ischemia,
as assessed by dobutamine perfusion scintigraphy. Currently,
there are no stress cchocardiographic data reporting the
pathophysiology of isolated sinus node deceleration. Cardiac
slowing, in particular in combination with hypotension (sce

later), may also result from a neuralty mediated cardiovascular
vasodepressor reflex (50).

_Mitral regurgitation. Low dose dobutamine is known to have
a beneficial effect on chronic mitral regurgitation, especialiy in
paticnts with left ventricular dysfunction (51,52), Although the
mechanism of this beneficial effect remains unclear, it may be
related to a decrease in afterload or mitral orifice size that
results from the vasodilatory and inotropic effects of dobut-
amine (53). [t has been suggested (12) that the development of
new or worsening mitral regurgitation with stress doses of
dobutamine is related o ischemia and improves the sensitivity
of DSE for the detection of CAD\. However, a study specifically
addressed to this subject reported {51) that in fact very few
paticals developed new or worsening mitral regurgitation
during high dose dobutamine infusion, and there was no
association with stress-induced wall motion abnormalities.

Hypotension. Generally, dobutamine stress causes an in-
crease in cardiac output and a small reduction in systemic
vascular resistance (53,34), with a smalf increase in systolic
blood pressure as a net result {5-32). Although the pathophys-
iology of dobutamine stress-induced hypotension has not been
completely defined, theoretically, it may result from 1) an
inadequate increase in cardiac output to compensate for an
expected decrease in systemic vascular resistance; and 2) a
disproportionate decrease in systemic vascular resistance in the
presence of a normal increase in cardiac output, An inade-
quate increase in cardiac output may be due to inadequate
coniractile reserve, severe ischemic left ventricutar dysfunction
or left-sided obstructive heart disease. Dynamic left ventricular
cavity obliteration due to strong inotropic stimulation was
proposed as an imporlant cause for reduced cardiac outpnt
and hypotension {55}, especially in patients with dehydration.
Later studies could not confirm this mechanism (56}, and the
proposed bolus of saline before dobutamine (55,57) did not
prevent cavity obliteration in a canine model (58). The second
mechanism, a disproportionate decrease in systemic vascular
resistance, may be due to excessive sensitivity of the peripheral
circulation to befa,-receptor stimulation, increased beta,
receptor density {deconditioned patients) or a neurally medi-
ated mechanism in which vigorous myocardial contraction
stimulates the intramyocardial mechanoreceptors, sesulting in
sympathetic withdrawat and enhanced parasympathetic activity
(the Bezold-Jarisch reflex) (59). In contrast to exercise stress-
induced hypotension {60}, all presently available data indicate
that there is no relation between ischemic left ventricular
systolic dysfunction (54,56,61,62) or angiographically detected
CAD (61) and dobutamine stress-induced hypotension.

ECG changes. Whereas ST scgment changes are the hall-
mazk of ischemia in exercise tests (2), they seem to have less
value during dobutamine stress. In an early study in patients
with mainly unstable angina and severe coronary lesions,
dobutamine stress-induced ST segment depression was de-
scribed as a highly accurate didgnostic test (63). However,
subsequent reports in stable patients with less severe lesions
could never confirm these data (7,12,29,64), Whether this is
due to misplacement of electrodes (hecause of the apical
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acoustic window), less stress (lower rate-pressure product than
for exercise tests) or other factors still needs to be established.
In contrast, as in exercise testing (65), dobutamine stress-
induced ST segment elevation in patients without a previous
MI was consistently reported to be associated with (severe)
coronary artery disease (63,64,66,67).

Feasibility and safety, In ~5% of patients, an inadequate
acoustic window precludes the performance of sugcessful DSE
(37,68}, although this proportion may underestimate the geiual
number of patients with an {nadequate acoustic window in an
unselected population. Furthermore, 10% of tests are nondi-
agnostic (absence of ischemic markers in submaximal tests)
(68,69) because of an insufficient hemodynamic response to
dobutamine-atropine administration or limiting side effects.
Noncardiac side effects (nausea, headache, chills, urgency and
anxiety} are usually well tolerated, without the need for test
termination. The most common cardiovascular side effects are
angina, hypotension and cardiac arthythmias. Although angina
accurs in ~20% of patients (68,70), severe angina as a test end
point without accompanying new or worsening wall motion
abnormalitics is rare. Dobutamine stress-induced hypotension
occurs, depending on its definition, in 5% to 37% of patients
(54,56,61,62,68,71): A =20-mm Hg decrease in systolic blood
pressure occurs in ~20% (34,61,71); severe, symplomatic
hypotension necessitating test termination occurs only rarely
(71). Arrhythmias are not uncommon (68,70), with frequent
premature atrial or ventricular contractions occurring in
~10% of patients and supraventricular or ventricufar tachy-
cardias each occurring in ~4% of patients. Ventricular tachy-
cardias are usuatly nonsustained and have been attributed to
beta,-receptor stimulation and dobutamine-induced reduction
in plasma potassium concentrations {39). These arrhythmias
are more frequently encountered in patients with a history of
previous ventricular arrhythmias or baseling wall motion ab-
normalities (68). No study has reported an association between
the addition of atrepine or new wall motion abnormalities and
ventricufar {achycardias (68,70). On the basis of combined
diagnostic and safety reports on DSE (5-32,68-76), it can be
roughly estimated that ventricular fibrillation or MI occurs in 1
of 2,000 studies. These severe complications can occur up fo
20 min after dobutamine withdrawal (69}, and it has been
suggesied (69) that in these patients, alpha;-mediated coro-
nary and systemic vasoconstriction might be paradozically
exacerbated, not reversed, by beta-blocker administration,
Atropine intoxication, although generally requiring a dose of
atropine of at least 5 mg (72), has been reported in a few
patients receiving =1 mg of atropine (69). Fatal events were
not reported (3-32,68-70).

Iniraobserver and interobserver agreement. Intracbserver
and inferobserver agreement for ischemia within institutes as
reporfed in individual studies (6,7,20,23,25,31) ranged from
95% to 98% and from 92% to 96%, respectively. However, a
study specifically addressing interinstitutional agreement in
DSE between five centers (73) reported that abnormal or
normal results of DSE were agreed on by four or five of the five
centers in only 73% of patients. Agreement on the left anterior

descending territory (78%) was similar to that for the com-
bined right coronary and left circumflex territories (74%). For
specific segments, agreement ranged from 84% to 97% and
was highest for the basal anterior segment and lowest for the
basal inferior segment. Agreement was clearly higher in pa-
tients without CAD or with extensive CAD and was lower in
patients with limited echocardiographic image quality.

Diagnostic Accuracy

Detection of CAD. As with other tests for detection of
CAD, the diagnostic accuracy of DSE is expressed by its
sensitivily, specificity and accuracy. These indexes depend on
several technical factors, such as the definition of a positive test
and the threshold for defining significant CAD. In addition,
several characteristics of the patieats studied may affect these
indexes, such as the presence or absence of M, the number of
male patients, referral bias, the level of stress and the severity
(percent stenosis) and extent (number of diseased vessels) of
CAD in the referred cohort,

The reported sensitivity, specificity and accuracy for each of
28 published studies (5-32) are shown in Table 1. The overali
(weighted mean) sensitivity, specificity and accuracy of DSE
for a total of 2,246 paticnts was 80% (95% confidence interval
[C1} 78% to 82%), 84% (95% CI 82% to 86%) and 814 {95%
CI79% to 83%), respectively (Fig. 2). When only the 17 fargest
series from single centers were included (7,9-12,14,16,18—
21,26-28,30-32) (thus avoiding potential double counting of
previously included patients from the same center in an earlier
report), these respective numbers were, for a total of 1,454
patients, 81% (95% CI 79% to 84%), 85% (95% CI 82% to
879%) and 82% (95% CI 80% to 85%). The nomalcy rate was
reported to be 92% (74).

From the results of the individual studies in Table T it
cannot be concluded that the addition of atzopine improves the
diagnostic accuracy of DSE, However, in those studies in which
atropine was used, relatively many patients were taking a
beta-blocker and had mild CAD, Indeed, all studies directly
comparing DSE with versus without atropine (14,32} showed
an increase in sensitivity without a loss in specificity, These
results were recently confirmed by a study from the Mayo
Clinic (75) showing that the addition of atropine significantly
increased sensitivity, especially in patients taking a beta-
blocker and with milder forms of CAD.

The effect of the number of diseased coronary arteries was
assessed in 15 studies (5-8,12,16,20-23,25,26,28,31,32), for &
total of 897 patients, Mean sensitivity increased significantly
from 74% for single-vessel disease to 86% for double-vessel
disease and fo 92% for triple-vessel disease (Fig. 3).

Different reports from center to center are most likely due
to the aforementioned factors. One of the most important
avoidable factors influencing test sensitivity is the use of
beta-blockers. These medications lower peak cardiac work
load and inotropic response during DSE (5,76) and thus have
the potential to lower the sensitivity of the test, especially when
atropine is not added to dobutamine (77). Investigators who
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Table 1. Diagnostic Accuracy of Dobutamine Stress Echocardiography As Reported in 28 Studies
‘)’e;r Protocol
an Cor Angio
First Brobutaming Stage No. No “‘“—i
Author (ngke Duratiee  of Men MI CAD MVD  Befa % Diam Sens  Spec  Accuracy
(ref no} per min} {min) Pis (%) (%) (%) (%) Blocker Stenosis  Amal WMA () (%) (5%)
1991
Sawada (5) 3 3 55 6 0 3 6 + =50 O New 89 & 87
Previtali (6} 40 5 k] & 3 20 kX ] - =170 \'d New 68 100 ™
Cohen (7) 40 3 o 27 27 50 - =7 \4 New 86 95 89
1992
Salusti? (8) 40+ 3 32 B" 2 33 + =30 Q New 54 80 62
Martin (9) a0 3 0 9 B 3% WA + =50 Vo New 6 60 0
Segar {10) 30 3 8 61  NA 26 NA NA =50 Q New 95 82 92
Mascovitz (11) 30 k3 41 [ 2] B k3] + =50 Q Any 96 66 89
Mazeika {I2) 20 8 50 88 26 28 43 = =70 ¥ New 64 9 72
Salustri (13) 40 3 % 0T BB ¥ + =50 Q New #7 178 6
MeNzilt (14} 40 3 &0 kel 35 41 NA + =50 ¥ New 0 88 it
1993
Marwick (15) 40 K] 97 n 0 39 29 - =50 Q Any 85 82 8
Ganalp (16} 30 5 Moo 0 BB - =50 Vv New 83 8 88
Forster (17) 40* 3 P31 55 0 13 B + =50 v New 75 59 81
Marwick (18) 40 3 om0 Bm M + =50 Q Ay B 08 6
Foffmann (1%) 40° 2 0 76 w0 35 - =70 Q New W 08
Previtali {20) 40 5 80 78 19 29 41 - =50 v New " 8 80
Tekeuchi (21) 3 5 2 oM 32 8 31 =50 Q  Any 8 93 88
Baudhuin (22) 40 3 136 61 0 30 2 =50 Q Any 9 it}
Cohen (23) 9 3 52 88 B 0B 40 - =73 Y New 8 87 87
1994
Marwick (24) 40 3 86 70 0 35 40 + =30 Q Any 54 & 3]
Beleslin (25) 40 3 136 85 57 13 8 + =50 Q New 82 i 82
Senior (26) 40 3 61 7 21 28 49 S =50 v Any 93 94 93
Sochonskd {27) 40 3 46 67 0 46 28 + =50 v New 68 8t H
Ostojic (28) 40 3 150 8 51 3 1 + =50 Q Naw 75 79 5
1965
Baoud (29) 30 3 %6 58 37 15 55 + =350 v Any a2 13 89
Dagianti (36) 40 3 60 9 0 53 25 - =70 Q New 72 97 §7
Ho (31) 40 3 54 85 4 2] 67 NA =56 v New 93 73 59
1996
Pingitore {32) Ll 3 110 3] 27 16 46 + = 54 Q New &4 89 85

! Atropine addition. Anal = analysis; CAD = coronary artery disease; Cor Angio = coronary angiography; Diam = diameter; Mi = myocardial infarction; MVD =
multivessel disease; NA = not available; P1s = patients; @ = {semi)quantitative; ref = reference; $ens = sensithvily; Spee = speciicity; V = visual; WALA = wall motion

abnormality.

compared study patients with versus without beta-blocker
therapy (13,18,25) consistently found that sensitivity was lower
in patients with beta-blocker therapy despite the finding that
patients laking beta-blockers generally have a higher preva-
lence of (extensive) CAD (13},

Bayesian analysis. Although values for sensitivity and
specificity have a useful role, the use of DSE in diagnostic
practice is to assist in the clinical recognition of CAD. In this
sense, fests are used to reclassify the initial clinical impression
of the probability of CAD into high, low and intermediate risk
subgroups. According to the Bayes theorem, the likelihood of
a posilive test result is determined by the probability of CAD
in the patient studied, as well as the accuracy of {he test {78).
In one report (79} that included 223 patients without a
previous M, the study coliort was grouped into those with a

high (>80%), intermediate (10% to 80%) and fow probability
(<10%) of CAD before and after DSE, and the ability of DSE
to restratify patients was analyzed, According to the pretest
likelihood of CAD, 68 patients {30%) were regarded as having
a “diagnostic” low or high probability of CAD, By application
of the Bayes theorem, DSE defined 121 patients (54%) as
being in the high or low posttest probability groups. Impor-
tantly, the accuracy of predicting CAD in the high probability
group and the absence of CAD in the low probability group
after DSE was excellent {87%).

Detection of disease in individual coronary arteries, The
coronary arteries and their branches supply different regions of
the left ventricular myocardium. Based on the known anatomic
relations belween coronary arteries and various myocardial
regions, general guidelines have been developed for the assign-
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Figure 2. Sensitivity, specificity and accuracy of DSE for
detection of CAD.

100% "
80% et a1%
80%
80% I
40%
20% -
0%
Bensitivity Spociicily Acturacy
(n=1604) (n=642) {n=2248)

ment of these myocardial regions to specific coronary arteries
(Fig. 1). It is therefore possible to infer disease of a given
coronary artery by noting the focation of a wall motion
abnormality on echocardiography. Figure 4 summarizes the
sensitivity and specificity for the identification of disease in the
left anterior descending, left circumflex and right coronary
arteries. The mean reported (12,21.26,31) sensitivities were
T2%, 55% and 76%, respectively, and the mean specificities
were 88%, 93% and 89%. respectively. The sensitivity for
detection of left circumilex disease was fower than that for left
anterior descending (p < 0.02) and right coronary disease {p <
0.005). The lower sensitivity for detection of disease in the feft
circuntflex artery can be explained by the variation in corenary
anatomy (with a small circumflex territory in some patients)
and problems with resolution of the lateral wall endocardium
because of the paraliel orientation of the wall and the ultra-
sound beam. To compensate for the variation in bloed supply
of the posterior wall {by either the left circumflex or right
coronary artery, depending on iheir relative size) others
(6,11,12} divided the blood supply of the heart into two
systemis: an anterior (left anterior descending coronary artery)
system and a posterior {feft circumiflex and right coronasry
arleries) system, For these circulations, the mean reported
sensitivities were 75% and 73%, respectively, and the mean
specificities were 86% and 80<%, respectively.

Identification of extensive CAD. An important goal of
noninvasive siress testing is the identification of patients with
left main or three-vessel CAD. Such patients could benefit
from revascularization from a prognostic point of view (80).
Patients with multivessel disease can be differentiated from
patients with single-vessel disease by detcetion of echocardio-
graphic abnormalities in two or more coronary territories.

‘Investigators who examined the prediction of multivessel dis-

case by this method (5,7,12,15,18,26) consistently reported a
high specificity {range %0% to 100%). However, the sensitivity
of DSE for the prediction of multivessel disease varied mark-
edly from 8% to 71%. Several factors coniribute to the
underestimation of multivessel disease: inadequate stress pro-
tacols, the premature cessation of stress because of the devel-
opment of limiting ischemia in one region, imperfect assign-
ment of myocardial regions to coronary arteries, collateral
circulations and anatomically significant but functionally non-
significant lesions. Recent reports have shown that DSE pro-
vides other, unique features to idenltify multivessel disease, by
measuring the ischemic threshold (10,81) and left ventricutar
volume changes (82). Eventuazlly, an algorithm based on
patient clinical characteristics, combined with the aforemen.
tioned indicators of multivessel disease may lead to improved
identification of multivesse] discase.

100%

0w |- 80%
= o |
Z
g Figure 3, Sensitivity of DSE for detection of CAD by
@ 40w number of diseased vessels,

20%

0% :
Qverall Ona Twa Thiss
(n=897) (=512 (n=228) {n=157)
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p<0.02 p<0.005

91%

63%
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320 78

100% -
80% [
Figure 4, Sensitivity (open bacs) and specificity (hatched
bars} of DSE for detection of CAD in individual coronary
arteries. Numbers within bars indicate number of vessels, Sl
Included in the analysis were patients with single-vessel and
multivessel CAD, 1.AD = left anterior descending coronary 40%
artery; LCx = left circumflex coronary artery; RCA = right
coronary artery. 20% -
o%

Paticnts with left bundte hranch block or left ventricular
hyperteophy, The ability of noninvasive tests to diagnose or
localize CAD in patients with teft bundle branch block (LBBB)
or left ventricular hypertrophy (LVH) has been disappointing.
Exercise-induced changes on the ECG are nondiagnostic in the
presence of LBBB (83) and lack specificity in the presence of
LVH, even in the absence of baseling ECG abuormalities (84),
Moreover, several scintigraphic studies (85,86} have reported
false positive results for detecting CAD in the presence of
LBBB (especiaily when exercise stress is used} and LVH,
resulting in a low specificity. Reports on the use of DSE in
patients with LBBB or LVH are scarce. One study (87) in 13
patients without a previous MI and LBBB reported a sensitiv-
ity of 80%, a specificity of 87% and an accuracy of 85%. A
study (84) in 28 patients with a history of hypertension and
(echocardiographically defined) LVH reported a sensitivity of
89%, a specificity of 100% and an accuracy of 93%. The latter
study reported that DSE was more specific (100% vs, 229%, p <
0.0001) and accurate (93% vs. 54%, p < 0.0001) compared
with exercise electrocardiography, Alikough both DSE studies
reported excellent accuracies for the detection of CAD, these
small studies require confirmation from larger serics to firmly
establish the diagnostic value of DSE in patients with LBBB or
LVH.,

100% -
80% -
\ i o 60% [
Flgure 5, Sensitivily, specificity and accuracy of DSE
(open bars} versus exercise clectrocardiography (haiched
bars) for detection of CAD. 40%
20% I
0%

All Vassels LCx

RGA

Comparison with other séress modalities in patients able to
exercise adequately. Exercise electrocardiography. Apart from
the special issues, discussed in the previous section of this
review, several studies directly compared DSE with exercise
electrocardiography in more heterogeneous patient groups, As
seen in Figure 5, pooled data fron: eight studies (8,12,20,23-
26,30} directly comparing DSE and exercise electrocardiogra-
phy in the same 560 patients show that the sensitivity (76% vs.
63%, p < 0.0001), specificity (88% vs. 64%, p < 0.0001} and
accuracy {79% vs. 63%, p < 0.0001) of DSE was clearly
superior. However, since most studies did not specify how
many patients were able to exercise adequately, were using
digoxin or had abnormal rest ECG results, these results do not
indicate that the routine exercise test should be reptaced by
DSE. Especially in patients with a low pretest likelihood of
CAD and in men with normal results on the rest ECG it can be
anticipated that DSE will provide litte incremental diagnostic
information in a cost-effective manner,

Exercise echocardiograply. The diagnostic accuracy of DSE
has led to enthusiasm for its general use rather than ils
particular use in patients unable to exercise adequately. How-
ever, exercise echocardiography can be performed as well in
these patients. As seen in Figure 6, pooled data from four
studies (23-25,30) directly comparing DSE and exercise echo-

p<0.000t p<0.0001 p<0.0001
— 1 1
88%
7854 79%

83% 63%

Sensltvity
{n =400}

Specifieity
(n=160)

Accuracy
{n=560)
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Figure 6. Sensitivity (Sens), specificity and accuracy of DSE
(open bars) versus exercise echocardiography (hatched
bars) for detection of CAD. MVYD = multivessel disease;
SYD = single-vessel disease,

Sens SVD
{n=156)

Aceuragy
(n=834)

Spaciiiclty
(n=97)

Senstivity
{n=237)

cardiography in the same 334 patients show that the sensitivity
(75% vs. 85%, p < 0.01) and accuracy (79% vs. 86%, p < 0.05)
of exercise echocardiography were significantly higher. It
should be emphasized that these differences were caused by
one particular study in which DSE showed low accuracy (24).
In that study a large number of DSE tests were submaximal
because a modest dectine in systolic blood pressure was used as
a, not uncommon, end point, and a substantial number of the
study patients were vsing beta-blockers while atropine was not
added o dobutamine. It scems likely that in this patient
cohort, the previously described dobutamine-atropine proto-
col would have resulted in better diagnostic accuracy, probably
comparable to exercise echocardiography. However, the
choice for the latter in patients who are expected to exercise
adequately can be justified by better patient acceptance, fewer
unpleasant side effects and the complementary funciional
information provided by exercise, such as duration of exercise,
increase in heart rate, blood pressure respense and reproduc-
tion of symptoms.

Comparison with other stress modalities [n patients unable
to exercise adequately, Dipyridamole echocardiography. In pa-
tients unable to perform adequate exercise, echocardiographic
imaging can also be performed with dipyridamole as a phar-
macologic stresser (36). In normal arteries dipyridamole, an
indirect coronary vasodilator (88), causes a three- to fivefold

Sens MVD
(n=281)

increase in both subendocardial and subepicardial coronary
flow (89). However, in stenosed arteries this augmentation is
limited (depending on stenosis severity}, creating flow hetero-
geneity. Echocardiographically detected functional evidence of
ischemia is not caused by marked changes in blood pressure or
heart rate (which change onty minimally to moderately) but by
coronary steal—cither “vertical” (subepicardium from suben-
docardium} (90) or “horizontal” (nonstenotic from stenotic
vessel terzitory) (91). As seen in Figure 7, pooled data from six
studies (5,13,20,27,28,30) directly comparing DSE and dipyr-
idamole echocardiography in the same 422 patients show that
DSE is more seasitive for the detection of CAD (73% vs. 65%,
p < 0.05), mainly because of a higher sensitivity in patients
with sinple-vessel discase, The specificity (82% vs. 89%) and
accuracy (76% vs. 72%) of the respective tests were not
significantly different. These resulls are not surprising because
dipyridamole creates primarily blood flow heterogeneity (not
detected by echocardiography} and “true” ischemia only in a
limited number of patients, Moreover, the detection of isch-
emia with dobutamtine stress is facilitated by the improved
thickening of normal segments as opposed to decreased thick-
cning of ischemic segments, whereas dipyridamole has a lesser
cffect on normal segments. However, recent reports (32,52)
have suggested that the addition of atropine to dipyridamole
increases the sensitivity of the dipyridamole test for the

100%
p<0.05 s9%
LI,
L 7
8% [ ga 6%
85%
sy Figure 7. Sensitivity, specificity and accuracy of DSE
{open bars) versus dipyridamole ¢chocardiography
0% (hatched bars) for detection of CAD. Abbreviations as in
Figure 6.
20% -
0%
Sensitivity Speciicity Accuracy Sens SV Saens MVD
{n=2981) (n=131} (n=422) {n=159) {n=82)



22

CHAPTER 1

100% -
80% -
0% |-
Figure 8, Sensitivity, specificity and accuracy of DSE versus
dobutamine technetium-99m perfusion imaging (hatched
bars) for detection of CAD. Abbzeviations as in Figure 6. 0%
20% -
0%
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detection of CAD to a level comparable with dobutamine~
atropine stress echocardiography.

Radionuclide imaging. During dobutanins stress, coronary
blood flow to the vascular bed of a normal arlery increases
dramatically, whereas perfusion through a stenosed artery may
change minimally. On the basis of this induction in regional
flow heterogeneity, the dobutamine stress lest can also be
performed in conjunction with radionuclide perfusion imeging.
In four studies comparing DSE with dobulamine technetium-
99m (Tc-99m) imaging in 318 patients, sensitivity was 76%
versus 819, specificity 85% versus 71% (p < 0.01) and
accuracy §0% versus 78% {Fig. 8). The finding that DSE is
more specific but may be less sensitive {especially in patients
with single-vessel disease) is in line with the “ischemic cascade”
theory (93), which states that perfusion abnormalities due 1o
limited coronary flow reserve precede echocardiographic and
ECG changes. Only two studies (with available angiographic
data) reported the diagnostic accuracy of DSE versus vasodi-
lator perfusion imaging, In one study (15} comparing DSE with
adenosine Tc-99m imaging in 97 patients, sensitivity was 85%
versus 86%, specificity 82% versus 71% and accuracy 84%
versus 80%. In another study (31} comparing DSE with
dipyridamole thallium-201 imaging in 54 paticnts, sensitivity
was 93% versus 98%, specificity 73% versus 73% and accuracy
89% versus 93%. Therefore, DSE and radionuclide perfusion
imaging seem fo have comparable diagnostic accuracy, and the
choice of cne test over the other can be based on patient

Sens MVD
(n=118)

Ssns BVD
(h=93)

Sensitivity
(n=208}

Specificity
(n=110)

Accuracy
{n=318)

characteristics and the competence of the laboratory perform-
ing the test,

Patients after MI. The major goals of DSE in patients with
a previous MI are to assess infarct-related coronary artery
patency and to identify patients with multivessel CAD, Al-
though the first report on DSE was in patients after ME (4), few
studies have been specifically addressed to such patients.
Infarct-related coronary artery stenosis was assessed in four
studies (94-97) without use of the “biphasic” response (42,98).
Sensitivities, specificities and aceuracies in these studies ranged
between 56% and 93%, 82% and 91% and 63% and 93%,
respectively (Table 2). The higher sensitivity found in the study
of Takeuchi et al. (94) might be explained by their definition of
a positive (ischemic) test. DSE was defined as positive if peak
wall motion score index was equal to or higher than that at the
rest study. In the other studics, DSE was defined as positive if
new or worsening wall motion abnormalities occurred. The
detection of significant coronary artery stenosis in patients with
rest wall motion abnormalities should be based on new or
worsening wall motion abnormalities occurring at any stage,
with use of the “hiphasic” response (42,98). Thus, Takeuchi et
al, probably overestimated, and the other studies probably
undercstimated, frue sensitivity. Smart et al. (99) recently
reported in a large serics of patients, with use of the “biphasic”
response, a sensitivity of 82%, a specificity of 80% and a
diagnositc accuracy of 82% for the detection of infarct-related
coranary artery stenosis. The presence of multivessel CAD in

Table 2. Diagnostic Dobutamire Stress Echocardiographic Studies in Patients With Myocardial Infasction

Peediction of MVD
Tschemi =2 Territories
First Author No. of R4 Remote Ischemia o Loranaty Terdlares

Year (ref no.} bts Sens Spec Sens Spec Sens Spec
1986 Beithe (4) 30 NA NA 8% 88% NA NA
1994 Takeuchi (94) 40 93% N NA NA NA NA
1995 Bigi (95) 121 0% NA 84% 9% NA NA
1996 Elhendy (96) 132 Th%% 85 1% 88% 47% 89%
1997 Elhendy (97) 72 56% 2% 655% 93% 46% gz
1997 Smart {99) 206 8% 805 63% 9% NA NA

[RA = infarct-related astery; other abbreviations as in Table 1.
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patients with a previous MI should ideally be based on an
ischemic response in wo coronary vascular territories. How-
ever, an approach in which remote ischemia (ischeméa de-
tected outside the infarct-related coronary artery territory) is
considered diagnostic for multivesset CAD also seems valid
because in most of these patients the infarct-related coronary
artery is also significantly narrowed. Several studies (4,95-97, 99)
assessed the value of DSE for the identification of multivesset
CAD by this latter criterion. Sensitivities, specificities and aceu-
racics in these studies ranged between 68% and 85%, 88% and
§7% and 81% and 87%, respectively (Table 2). Importantly, in
two of the cited studies (94,97) a direct comparison was made
between DSE and radionuclide imaging. In both studies DSE
was found to be as accurate as radionuclide kmaging and even
showed a frend toward greater sensitivity.

Future Developments

At present, the major limitations of DSE are endocardial
border definition and subjective interpretation of stress-
induced wall motion abnommalities. Enhancement of border
definition (and thus interpretation) is currently under investi-
gation with gray-scale B-mode color encoding (100), intrave-
nous contrast agents (101), tissue Doppler interrogation (102),
tissue characterization techniques and backscatter analysis
(103). Eventually, the results of these investigations should
lead to improved automatic border detection and objective
(computerized), realistic caiteria for wall motion abnormalities
diagnostic of CAD (43).

Conclusions

DSE is a feasible, safe and useful exercise-independent
stress modality for assessing the presence, focalization and
extent of CAD, The diagnostic accuracy of DSE seems at least
comparable to other, competitive noninvasive stress modalities
used in patients with limited exercise capacily. New technical
developments are expected to furiher increase its strengths and
should make the interpretaiion of stress cchocardiograms
more uniform and less subjective.
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CHAPTER 2

Shouid the diagnosis of coronary artery disease be
based on the evaluation of myocardial function or
perfusion?

M. L. Geleijnse, A, Salustri*, T. H. Marwickt and P. M. Fioretti

Thoraxcenter, University Hospital Dijkzigt and Erasmus University, Rotterdam, The Netherlands; * Division of
Cardiology, Sandre Pertini Hospital, Roma, Itely; tCleveland Clinic Foundation, Cleveland, Ohio, U.S.A.

The aim of this review was to define the place of stress
{exercise, dobutamine, and vasodilator) echocardiography
in the context of perfusion scintigraphic techniques for the
detection of coronary artery disease. Echocardiography and
nuclear imaging have their strong and weak poiuts.
Echocardiography has the benefit of widespread avail-
ability, relatively low cost, portability, absence of radiation,
safety, and determination of ischaemic threshold, However,
echocardiographic imaging cannot be performed during
treadmill exercise, the echocardiographic windows are vari-
able with sometimes poor echogenicity, and interpretation
is subjective and requires an important learning curve.

Diagnostic comparisons were focused on studies involving
echocardiographic and nuclear imaging in the same
patients. These direct comparisons show that exercise or

dobutamine echocardiography and perfusion imaging have
similar accuracies for the detection and localization of
coronary artery disease. Perfusion imaging may be more
sensitive in the detection of mild coronary artery disease;
echocardiography, however, has a better specificity.
Vasodilator perfusion imaging is superior to vasodilator
echocardiography, although the new dipyridamole—
atropine echocardiography test will make future reassess-
ment neccesary. Once the condition of adequate
echocardiographic training is fulfilled, we believe that the
selection of one or other test should be tailored to clinical
circumnstances rather than be a uniform decision.

(Eur Heart J 1997; 18 (Supp! D): D68-D77)

Key words: Coronary artery disease, stress echocardiogra-
phy, myocardial perfusion scintigraphy.

Introduction

Stress echocardiography and stress myocardial per-
fusion scintigraphy have gained wide acceptance as
accurate techniques for the detection and localization of
coronary artery disease. In addition to their use in
combination with exercise, their clinical availability has
been broadened by the use of pharmacological stress
agents. This review atterapts to define the place of stress
echocardiography in the context of perfusion scinti-
graphic techniques for the detection of coronary artery
disease,

A number of variables (referral bias, extent and
severity of coronary disease, definition of significant
coronary disease, stress protocols, medications) may
potentially infiuence the results of either test, so that
comparisons will focus on studies involving the perform-
ance of both echocardiographic and nuclear imaging in

M. L. Geleijnse is supported by the Dutch Heart Foundation
(grant NHS 94.135)

Correspondence: Marcel L. Gelefjnse, MD, Thoraxcenter BA 302,
Dr Molewazerplein 40, 3015 GD Rotlerdam, The Netherlands.

the same patients for each of the most widely used
stress techniques: exercise, dobutamine and vasedilators
{adenosine and dipyridamole). For these comparisons to
be valid, we are assuming that the investigators in these
studies are equally expert in either technique. Likewise,
we assume that practitioners making cheices between
echocardiography and scintigraphy have equivalent
expertise available in cach.

Basic principles of function versus
perfusion for diagnosis of coronary
artery disease

In the presence of a flow-limiting coronary artery sten-
osis, exercise or pharmacological stress results in a
sequence of functional events. According 1o the ‘ischae-
mic cascade’ theory’™, perfusion abnormalities due to
limited coronary flow reserve are followed by diminished
left ventricular compliance (diastolic dysfunction), de-
creased myocardial contractility (systolic dysfunction),
and increased left ventricular end-diastolic pressure,
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Table 1 Stress echocardiography and myocardial perfusion scintigraphy for the

diegnosis of corenary artery disease

T
Stress echocardiography

Stress perfusion scintigraphy

Global function {lung-heart ratio, gated SPECT}

Equipment  Low cost Relatively expensive
Portable Laboratory-based
Personnel Learning curve for acquisition  Relatively automated
and reading
Imaging Ne radiation Radiation exposure
Rapid, instant results Time consuming
Og-line, real-time imaging Off-line, ‘Snapshot’ at peak stress
Function Perfusion
Tomographic Planar vs SPECT
Reporting  Regional function/thickening Regional flow heterogeasity
Usually qualitative Quantitation well accepted
Global function (EF, ESY)
Benefits Identifies other sources of Widespread experience
chest pain
schaemic threshold: Less vulnerable to submaximal siress
safety
therapy assessment
Problems Variable echo window

Endocardial border definition
Treadmill exercise

Artifacts due to breast tissue, left bundle branch
block, or left ventricuiar hypertrophy

SPECT =single-photen emission computer tomography; EF=gjection fraction; ESV =end-systolic

volume, {Reproduced from™1)

These changes can be seen at perfusion scintigraphy by
relatively reduced tracer uptake and at echocardiogra-
phy by alterations in transmitral flow patterns, abnor-
matl regionat systolic function, and eventually reduction
of overall teft ventricular systolic function with left
ventricular cavity enlargement.

The development of myocardial perfusion de-
fects with either exercise or pharmacological siressors
depends on the induction of regional heterogeneity of
myocardial blood fiow. Coronary blood flow to the
vascular bed of a normal arlery dramatically increases
during stress, whercas perfusion through a stenosed
artery may change minimally. Because the initial uptake
of radiopharmaceuticals is flow-dependent within physi-
ological ranges!, the relative myocardial radionuclide
concentration will be greater in vascular beds supplied
by & normal artery relative to that in beds perfused by an
actery with significant obstruction. Classically, a twofold
differencein retative count activity is required to detect a
perfusion abnormality scintigraphically!™,

Regional malperfusion severe enough to cause
metabolic consequences of ischaemia can be identified
by echocardiography, based upon the response of the
left ventricle. The normal response of the left ventricle to
exercise or pharmacological stress is to increase endo-
cardial excursion, the speed of contraction, and the
degree of myocardial thickening. Tndices pointing to the
presence of myocardial ischaemia include stress-induced
deterioration of regional endocardial excursion, delayed
excursion (‘tardokinesis®), and a reduction of myocardial
thickening. Classically flow must be reduced to 50% in at
least 5% of the myocardium to detect new wall motion
abnormalities®l,

Strengths and limitations of the
imaging modalities

Benefits of stress echocardiography
compared with perfusion imaging

Clinical considerations
Several aspects of stress echocardiography are attractive
from the standpoint of clinical feasibility (Table 1), In
comparison with single-photon emission computed tom-
ography (SPECT)} cameras, echocardiography machines
are smaller in size and more portable, allowing studics
in the coronary care unit and emergency room, for
example. The shorter time for performance and inter-
pretation of a stress echocardiogram is attractive in
the outpatient setting, although the superceding of the
conventional 4-h thallium-201 protocol by more patient-
friendly dual isotope techniques may reduce the impor-
tance of this benefit of echocardiography. The absence
of ionizing radiation may be attractive to the public, for
whom nuclear tests have a bad image, at least in The
Netherlands. In addition, demonstration of echocardio-
graphic images may assist with patient education.
Two-dimensional echocardiography has the abil-
ity to visualize the heart using a non-invasive, real-time
approach. As ischacmia may be observed on-line, appro-
priate action can be taken if imaging is performed
during the test. This cinematographic aspect of echocar-
diographic monitoring is very attractive, especially in
patients in whom safety is a major concern (patients
with suspected unstable angina or scvere coronary dis-
ease). Documentation of the ischaemic threshold (during
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pharmacological or bicycle stress) can give important
information about the severity and extent of underlying
coronary arlery disease, and can assess the adequacy of
therapy, by measuring the ischaemia-free stress time. In
contrast, SPECT offers a snapshot of perfusion at the
time of peak stress, without the ability to examine
perfusion on-line,

Echocardiography has excellent spatial resolu-
tion and, combined with Doppler techniques, is capable
of accurately defining systolic and diastolic function,
chamber dimensions, volumes and wall thickness, Non-
ischaemic explanations for patient symptoms (such as
mitral valve prolapse or pericardial disease) may be
apparent from visualization of valve anatomy and
gradients or pericardial cffusion. These aspects are
unique among the non-invasive techniques in common
usage for the detection of coronary artery disease.

Interpretation of stress echocardiography is per-
formed by cardiologists, who often feel they have a
better grasp of the clinical questions that need to be
answered in cardiac patients than radiologists or nuclear
medicine physicians. While any stress imaging study
should be Interpreted apart from the clinical and exercise
data to obtain independent information, these data
should then be applicd to the patient’s clinical situation.
In being unaware of the patient’s clinical data, the
nuclear physician may be at a disadvantage, and the
final synthesis of the results may be less clinically
orientated.,

Finally, specificity lowering artifacts which are
problematic with SPECT (breast and diaphragmatic
aftenuation) can be more easily dealt with echocardi-
ography.

Availability and cost

The additional strengths of cchocardiography are its
widespread availability and relatively low cost, In con-
trast to SPECT gamma cameras, most cardiclogists
have access to an echocardiography machine, and their
clinical wse is not regulated or constrained by any
regulatory agencies, The average price of the machines is
lower than the average SPECT gamma camera systems
and the quality control is minimal, As a consequence
of lower purchasing and maintenance costs, the lofal
cost of an echocardiographic study is lower than a
scintigraphic study; in The Netherlands, dipyridamole
thallium scintigraphy costs about US $531 (US dollars)
compared to about $185 for dobutamine stress echo-
cardiography®l,

Benefits of stress perfusion hnaging
compared with echocardiography

Imaging considerations

In a large number of laboratories, especially in the
United States, cardiac stress is routinely performed
using the treadmill. In contrast to bicycle stress, echo-
cardiographic imaging cannot be performed during

treadmill exercise because of excessive palient motion,
Consequently, the first images are taken immediately
afier cessation of exercise, with the patient on a bed in
the left lateral decubitus position. Unfortunately, wall
motion abnormalities present at peak stress may revert
rapidly to normal after the discontinuation of exercise,
and may be missed using post-exercise imaging. While
thallium-201 may undergo redistribution between exer-
cise and imaging, this is minimal il the delay between
stress and imaging is brief, and if technetium-99m is
used the image corresponds to the perfusion status at the
time of injection.

Despite the well-cstablished standardization of
the routine echocardiographic examinations, the avail-
ability of standard echocardiographic windows is vari-
able from patient to patient and, in some cases,
especially in patients with chronic obstructive pulmo-
nary disease, poor echogenicity results in suboptimal
images that may make a correct interpretation difficult
or impossible. In our experience, non-interpretable
studies constitute a smail minority of the patients (about
5%}, although referral bias obviously influences these
results. Importantly, it is sometimes difficult to predict
which patients have poor echocardiographic images
during the test, since paradoxically, the images may
improve during stress. In contrast, although soft tissue
attenuation may pose problems for SPECT (more
with thallifim-201 than technetium-99m}, chronic lung
disease does not pose a problem for image quality.

Even if the echocardiogram is of interpretable
quality, technical problems may remain, In contrast to
the relatively automated acquisition of nuclear images,
with their relatively easy interpretation and computer
quantitation, echocardiography is characterized by
manual, technician-dependent image acquisition, prob-
lems with endocardial border definition, and visual,
subjective interpretation. Inexpert use of the electrocar-
diographic gating, comparison of non-identical cross
sections, and failure or delayed visualization of abnor-
mal segments are all avoidable, operator-dependent
problems. However, images may suffer from poor endo-
cardial border definition even in the hands of the best
sonographer.

Interpretation

The interpretation of stress echocardiograms requires an
important learning curve even for experienced echocar-
diographers, and there is an important difference in the
accuracy of echocardiographers who are and are not
trained in stress echocardiography.

Subjective analysis is further hampered by the
absence of a clear consensus about the definition of the
ischaemic response. Whereas sepments deteriorating
from normal contraction to akinesis or dyskinesis are
universally called ischaemic segments, controversy exists
about the interpretation of basal segments, segments
showing minimal hypokinesis at peak siress (in particu-
lar basal inferoposterior segments), and segments with-
out physiological hyperkinesis during stress. Even for
experis, the interpretation of studies in patients with
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Table 2 Divect diagnostic comparisons between exercise echocardiography and perfusion scintigraphy

No Imaging CAD

Sensitivity Sensitivity

Author pls' Stress modality %DS Sensitivity Specificity SVD MVD Exclusions

Maurert® 36 Treadmill Echo =50 1923 (834 1213 (9% 3§ (50%)y  1e/17 (940 MI
TI.20]Pianas 1723 (74%) N3 @28 — —

Quittones®™ 112 Treadmill Echo =50 64786 (74%) 23126 (88%) 24/41 {38%) A0M45  (89%) —
TI-2015FFCT 65/86  (76%) 21426 (81%) 2541 {61%) 4045 (39%)

Wann'® 6 Supinc-bike Echo =50 13 (33%) 313 (00%) o1 (%) 112 (50%) MI, rest
T(-20]Flanzr WG M3 (0% oN %) M2 (100%) WMA

Hechyl!!) 71 Supine-bike Echo =50 4650 (90%) 16720 (B0%W) 17122 (T7%)y 29729 () —
Ti-2015PECT 47151 (92%) 13/20  (65%) 20122 (95%) 2629 (90%)

Porzoli™ 75 Upright-bike Echo =50 3SMY  (T1%) 25126 (96%) 20033 (61%)  IS16  (94%%) —
MIBPECT 41049 (84%) 23/26 (88%) 2733 (82%) 14116 (88%)

Galanti' 53 Upright-bike Fecho >0 2527 (93%) 25026 (96%) 1M14 (3% 1213 (92%) M, rest
TI-201Pa0r 227 (100%) 24026 (2% 14A4 {100%) 1313 (883  WMA

Salustri'¥ 37 Upright-bike Echo =50 19723 (83%) 1214 (86%%) 19/23 (83%) — MI, rest
MIBISPECT 0023 (§7%) 1004 (71%) 2023 (BT — WMA

Tolal 390 Function 2001262 (80%) 1167128 (91%) 93134 (69%)* OWI0S {(92%)
Perfusion 219/262  (84%) 106/128 (83%) 107134  (80%)  95/105 (90%)

CAD %DS=percentage diameter stenosis value for significant coronary artery disease; Echo=echocardiography; MI=myocardial
infarction; MIBI=technetium-%99m sestamibi; MVD=multivessel disease; Pis=patients; SYD=single vessel disease; SPECT=single-
photon emission computed tomography; T1-201 =thatlium-201; WMA=wall motion abnormalities; *= P<0-05. (Reproduced from*)

abnormal resting contraction or feft bundle branch
btock can be very difficult. Moreover, at present, few
data are available on intra- and inter-observer varia-
bility, especially between observers working in different
centres, In contrast, quantificalion of scintigraphic
images is well accepted and widely used.

Influence of drug therapy

As a positive stress echocardiogram requires the induc-
tion of wall motion abnormalities (and hence, “true’
ischaemia), the use of anti-ischaemic drugs may decrease
the sensitivity of the test. Although the same is true
for exercise or dobutamine perfusion imaging (a sub-
maximal heart-rate response may compromise the devel-
opment of maximal vasodilation), pharmacological
vasodilation may avoid this problem.. Performance of
stress echocardiography in patients with ongoing anti-
ischaemic therapy is appropriate if the clinical question
is about the efficacy of treatment for the control of
angina or myocardial ischaemia, but is inappropriate if
the test is performed for diagnostic purposes.

Diagnostic accuracy of the imaging
modalitles

Exercise or dobutamine stress
echocardiography versus perfusion
scintigraphy

Exercise stress testing results in a marked increase
in heart rate and blood pressure. In patients unable
to exercise, dobutamine can simulate exercise by activat-
ing M-, f2- and at-receptorst®. Its main initial action
is a positive inotropic effect and, at higher doses
(=20pg . kg™ "' min "), it increases heart rate and {o a

lesser extent systolic blood pressure. This augmentation
of myocardial contractility, heart rate, left ventricular
pressure, and wall stress increases oxygen requirements.
However, in the presence of a critical coronary stenosis,
the enhanced myocardial oxygen demand is not matched
by a concomitant increase in blood flow. This creates a
condition of regional supply—demand imbalance that
results in zegional myocardial dysfunction. When
dobutamine is used, its strong inotropic effect facilitates
the echocardiographic detection of ischaemic segments
with abnormal function, as normal segments become
hyperkinetic in response to the drug.

Either exercise or dobutamineg can also be used
in conjunction with myocardial perfusion scintigraphy,
since both alter regional myocardial blood flow.
Nommally a dose-refated increase in subepicardial and
subendocardial blood Row occurs within myocardium
supplied by normal coronary arteries, However, blood
flow increases minimally within vascular beds supplied
by significantly stenosed ateries, with most of the in-
crease occurring within the subepicardium rather than
the subendocardium!™. This heterogencity in myocardial
blood flow can be visualized by perfusion seintigraphy.

Table 2 shows the sensitivity and specificity for
the detection of coronary attery disease in seven studies,
directly comparing exercise echocardiography and per-
fusion scintigraphy in the same 390 patients® ', The
sensitivities of both tests for the identification of cor-
onary artery disease are comparable (80% vs 84%,
respectively), although there is a higher sensitivity for
perfusion imaging in the setting of single vessel disease
(80% vs 69%, respectively, P<0-05), There was a trend
towards a better specificity for echocardiography {91%
vs 83%, P<0-10). ‘

The sensitivity and specificity values reported in
four studies, comprising 318 patients who uaderwent



32

CHAPTER 2

Table 3 Direct diagnostic comparisons between dobutamine echocardiography and perfusion scintigraphy

No. Emaging CAD

Sensitivity Sensitivity

Author pts Dobu-dose modality  %DS Sensitivity Specificity VD MVD Exclusions

Giinalp™ 19 Dobu30 Echo =50 WO (T0%) &9 (89%) 57 (T1%) 23 (67%) MI, rest
MIBISPECT S0 (3% 819 (85%) &7 (86%) M3 (100%4) WMA

Marwick'"® 217  Dobu40 Echo =50 102142 (7)) 62175 (83%) 45/68 (66%) SUIL (774} MI
MIBISPEST 108/142 (76%) S0/75  (67%) SO/68 (24%) S84 (718%)

Forsted!? 21 Dobu 40* Echo >50 912 (75%) &9 (8%%) 14 (25%) 88 (E00%) ML, rest
MIBISFECT 10/12  (83%) 8% (89%) 34 (IS%)} W8 (388%)  WMA

Senjor!¥! 61 Dobud0 Echo =50 4144 (93%) 1617 (94%) 12/14 (86%) 2930 (9T%) —
MIBISPECT axd4a  (95%) 1217 (71} 1214 (86%) 30430 (i00%)

Total 38 Function 1597208 (76%) O4/110  (83%)* 6393 (68%) O&/115  (83%)
Perfusion 169/208 (81%) 78110 (71%%) TL93 (76%) 98/115 (85%)

“=atropine; CAD %DS=percentage diameter stenosis value for significant coronary artery disease; Dobu-dose=dobutamine dose in
g . kg~ min~'; Echo=echocardiography; MI=myocardial infarction; MIBI=technetium-99m sestamibi; MVD=multivessel disease;
Pts=patients; SYD=single vessel disease; SPECI‘:sin%le-pholon emission computed tomography; TI-201 =thallivm-201; WMA=wali

motion abnormalities; *=P<0-01. (Reproduced from!*

3

simuitancous dobutamine stress echocardiography and
perfusion scintigraphy, are summarized in Table 3/519],
The sensitivities of both tests for the ideatification of
coronary artery disease are comparable (76% vs 81%,
respectively), although again there was a trend toward a
higher sensitivity for perfusion imaging in the setting of
single vessel disease (68% vs 76%, respectively). The
overall results for specificity show that dobutamine
echocardiography is a more specific test (85% vs 71%,
P<(-01). These data are consistent with previous data
that indicate that the high sensitivity of myocardial
perfusion imaging with SPECT is at the cost of a
sacrifice in specificity!™),

The results of direct comparisons of exercise and
exercise-simulating {dobutaming) siress echocardiogra-
phy and perfusion scintigraphy suggest that the two
imaging techniques offer comparable levels of accuracy
in the diagnosis of coronary artery disease (82% vs 81%,
respectively, Fig. [}, The finding that echocardiography
is more specific, but may be less sensitive (particularky
in the detection of single vessel disease), is in line with
the ischaemic cascade model, As the development of a
perfusion disturbance is expected to precede the devel-
opment of {rue ischaemia, perfusion imaging might be
expected to be more sensitive than wall motion imaging
for the detection of mild stenosis, However, the differ-
ence in sensitivity is less than might be expected. This
might be explained by two major factors; suboptimal
inducement of flow heterogeneity by exercise or dobuta-
mine!” or inherent compensating strengths of echo-
cardiography over perfusion scintigraphy, incliding
improved spatial resofution, and the ability to calegorize
wall motion independently in each segment (contrasting
with the relative flow comparisons used in myocardial
perfusion imaging). Some ischaemic regions may even
be identified by echocardiography rather than scin-
tigrdaphy, for example, abnormal wall motion due to
subendocardial ischaemia may be evident before mal-
perfusion is extensive enough to be apparent at perfusion
scintigraphy. '

100~
80~
80—
40
20+
Sensitivity Specificity Accuracy
{n =470 (n = 238) (n = 708)

Figure 1  Sensitivity, specificity, and accuracy of exercise
or exercise-simutating (dobutamine) stress echocardiogra-
phy and perfusion imaging for the detection of coronary
artery disease, Open bars, fum:tioni4 hatched bars,
petfusion. {Reproduced with permissiont™,)

Vasodilator stress echocardiography versus
perfusion scintigraphy

The two most used vasodilators are adenosine and
dipyridamole. Adenosine is a naturally occurring mol-
ecule that regulates blood flow in various vascular beds
including the myocardium, by activation of specific cell
surface receptors™®), In particular, a2-receptor activation
in vascular smooth muscle cells ultimately leads to
smooth muscle relaxation and dilatation. Dipyridamole
is an indirect coronary vasodilator that increases the
extracellular concentration of adenosine by blocking its
intracellular transport, metabolism and inactivation!®!l.

In normal arteries, these vasodilators cause an
increase in coronary flow, both subendocardial and
subepicardial, of three to five fold?3, However, in
stenosed arteries this augmentation is limited {dependent
on stenosis severity), creating flow heterogeneity, which
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Table 4 Direct diagnostic comparisons between vasodilator echocardiography and perfusion scintigraphy

No. Imaging CAD

Sensitivity Sensitivity

Author pts Stress-dose modality  %DS Sensitivity Specificity SVD MVD Exclusions

Marwick!? 97 Adeno 018 Echo 250 34159  (58%) 3338 (87%) 16131 (52%%) [B128 (64%) i3kl
MIBISFECT 51159 (86%) 238 (7%} 25131 (B1%) 26/28 (93%)

Nguyeni?! 25  Adeno 414 Echo =500 1220 (6030 SIS (100%) — — —
T1L2015FECT 18120 (90%)  SI5 {(100%) — —

Amanullah® 40 Adeno 0-14 Echo =50 25134 (M%) 66 (100%)  — — —
MIBISFECT 12034 (M%) 66 (100%)  — —

Perint?® 25 Dipy 056 Echo =50 11119 (58%) 66 (100%) — — —
T1-201Planr 18119 (95%) 6 (50%) — —

Simone#ti®® 35  Dipy 0-84 Echo =15 1922 (86%4) 1MI3 (9% — — MI
Ti-201780r 20122 (%) 1313 (100 — —

Total 222 Function 1017154  (66%)* 62/68 (91%0)§ 16/31 (52%)F E8R28  (64%a)f
Perfusion 1397154 (9% 54068 (79%) 25/31 (81%) 26/28 (93%)

Adeno=adenosine (dose in mg . kg™ !

. min~'y; CAD %DS=percentage diameter stenosis value for significant coronary artery disease;

Dipy=dipyridamole (dose in mg.kg™'); Echo=echocardiography; Ml=myocardial infarction; MIBI=technetium-99m sestamibi;
MVD=mullivessel disease; Pts=patients; SVD=single vessel disease; SPECT=sing1e‘§1hoton emission computed tomography; T1-201 =
thallium-201; *== P<0-0001; 1=P<0-02; 1=P<0-01; §=P<0-05. (Reproduced fromt*iL)

can be detected by perfusion scintigraphy. Echocardio-
graphically detected functional evidence of ischaemia is
not caused by marked changes in blood pressure or
heart rate (which change only minimally) but by cor-
onary steal, either ‘vertical’ (subepicardium from sub-
endocardium)™! or ‘horizontal {non-stenotic from
stenotic vessel territory)Y,

As seen in Table 4, pooled data from five
studies™ 2% directly comparing vasodilator (dipyrida-
mole or adenosine) echocardiography and perfusion
scintigraphy in the same 222 patients show that the
sensilivity of vasodilator perfusion scintigraphy is
superior to that of vasodilator echocardiography (90%
vs 66%, P<00001), Only Marwick er al® reported
sensitivities according to the extent of disease. In this
study, the sensitivity of vasodilator perfusion scintigra-
phy was superior to echocardiography, both for single
(81% vs 52%, P<0-02) and multivessel disease (93% vs
64%, P<Q-01}). These results are nol surprising, since

vasodilators create primarily blood flow heterogeneity

(detected by perfusion scintigraphy and not echocardi-
ography) and frue ischaemia in only a limited number of
patients. '

Dobutamine siress echocardiography versus
vasodilator perfusion imaging

In the many patients who are unable to exercise
adequately, the optimal pharmacological stressors for
echocardiography and scintigraphy are fundamentally
different, On the basis of the underlying principles of the
tests, the necessity of ischacmia for the development of
abnormal wall motion would suggest that dobutamine
would be more effective than a vasodilator for stress

echocardiography. A comparison performed in an

animal modelt™ indicated that dobutamine was the most
appropriate stress to demonstrate abnormal wall motion
due to ischaemia. Pooled data from seven published

studies®™ directly comparing dobutamine vs a vaso-
dilator for stress echocardiography in the same 517
patients showed that dobutamine was more sensitive
than both dipyridamole (78% vs 67%, P<0-002) and
adenosine (82% vs 52%, P<0-001), and equatly specific.
OfT note, up to this moment there are no direct compari-
sons available using the new promising dipyridamole—
atropine stress echocardiography protocof®!l,

In the same animal model™, dipyridamole
caused the greatest bloed flow heterogeneity, making it
particularly suited for myocardial perfusion studies.
Published clinical data, however, are not uniform about
the superiority of vasodilators to dobutamine for per-
fusion scintigraphy. Kumar ef a/.P? found that dipyri-
damole thallium scintigraphy correlated better with
coronary score. However, these results were based on a
very small group of patients, the authors did not report
test accuracy, used an insufficient dobutamine dose
(20pg . kg~ ', min~ ") and included patients with pre-
vious myocardial infarciion. In a larger series of 97
patients, without previous myocardial infarction and
using high-dose dobutamine, Marwick er a2 found
that the accuracy of dobutamine technetium-99m per-
fusion scintigraphy was comparable with adenosine
technetium-99m perfusion scintigraphy (77% vs 80%,
respectively).

The most appropriate means of comparing phar-
macological stress echocardiography and scintigraphy
seetns, therefore, to be to use dobutamine with the
former and a vasodilator stress with the latter. Unforiu-
nately, reports directly comparing dobutamine stress
echocardiography with vasodilator perfusion scintigra-
phy are also scarce. The only two published reports with
available angiographic data in 97 and 120 patientst?>*!
showed that the tests were equally sensitive (85% vs 86%
and 85% vs 89%, respectively). However, there was a
trend toward a higher specificity of dobutamine stress
echocardiography (82% vs 71% and 93%.vs 85%, re-
spectively). Based on these resulis, and considering the
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advantages of echocardiography over perfusion scintig-
raphy (Table I} it can be anticipated that the use of
dobutamine stress echocardiography will grow in the
future.

Assessiment of the localization of coronary
artery disease

The detection of disease in the circumflex coronary
artery is a major problem for both perfosion scintigra-
phy and echocardiography. In addition to the variation
in coronary anatomy (with a small circumflex territory
in some patients), perfusion scintigraphy suffers from a
less reliable assessment of the posterior regions of the
heart, due to problems of photon attenuation. Echo-
cardiography suffers from problems with resolution of
the lateral wall endocardium because of the parallel
orientation of the wall and the nltrasound beam, These
circumflex discase detection problems are reflected in
Fig. 2, which shows the sensitivities (Fig 2(a)) and
specificities (Fig 2(b}) of exercise or exercise-simulating
(dobutamine) stress echocardiography and perfusion
scintigraphy for individual vessels as reported in three
studies! "'*®), Comparison of regionat function vs per-
fusion studies showed the respeciive sensitivities to be
83% vs 73% (P=ns) for the left anterior descending
artery, 60% vs 60% (P=ns) lor the left circumflex artery,
and 80% vs 84% (P=ns) for right coronary discase.
Specificities were 90% vs 89% (P=ns), M% vs 95%
{P=ns), and 89% vs 80% (P<0-05), respectively. The
sensitivity for detection of circumflex disease vs left
antertor or right coronary disease was lowér for both
imaging techniques (60% vs 82% for function, P<0-¢02
and 60% vs 78% for perfusion, P<0:01, respectively). To
compensate for the variation in blood supply of the
posterior wall (by either the right or circumflex artery,
depending on their relative size) Marwick er all'®
divided the blood supply of the heart into {wo systems:
an anterior (left anterior descending artery) and a pos-
terior (right andfor circumflex artery) system. Neither
imaging modality was found to be superior on a regional
basis; in 34 patients with only anterior system disease,
the sensitivity of echocardiopraphy was 62%, compared
with 76% by scintigraphy (P=ns) and in 34 with only
posterior system disease both imaging modalities had a
sensitivity of 71%.

Assessment of the extent of coronary ariery
disease

The relative ability of echocardiography and perfusion
scintigraphy to predict the extent of coronary artery
disease has been investigated at two centres. In a study
by Senior er al ' dobutamine stress echocardiography
identified 70% of the 30 patients with multivessel cor-
onary artery disease as having functional abnormalities
in more than one coronary territory, compared with

100
() 83
8O- 76 74 73
&®
R} 60 60O
= 60
£
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§ 40 |-
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20+
All vessels LAD LCx RCA .
(n =252) (n =101} (n =62} {n=8%
100 - g4 95
8 80
8
£ 60
E 44
@
20
All vessels LAD Lix RCA
(n =365 {n = 108) {n = 145) (n=118)

Figure 2 (a) Sensitivity and (b} specificity of exercise or
exercise-simulating (dobutamine) stress echocardiography
and perfusion imaging for identification of disease in
individual coronary arteries. LAD =!cft anterior descend-
ing coronary arfery; LCx=left circumflex coronary ar-
tery; RCA=right coronary artery. Open bars, function;
hatched bars, perfusion. (Reproduced with permisston!*4)

scintigrams showing a multivessel pattern in 77%
{P=ns), Specificities were 90% and 94%, respectively. In
74 patients with multivessel coronary artery disease but
withour prior infarction, Marwick ef al'® reported the
recognition of multivessel coronary ariery disease by
echocardiography to be only 18%, compared with scin-
tigrams showing a multivessel pattern in 34% (P=ns).
On the other hand, echocardiography was more specific
for mullivessel coronary artery disease, which it pre-
dicted incorrectly in 9% of patients having single vessel
coronary artery discase, compared with 19% falsely
predicted as being multivessel coronary artery disease by
perfusion imaging. The ability of each test to recognize
multivessel coronary artery disease was also analysed by
correlating the echocardiographic or perfusion extent
score (caleulated from the number of segments demon-
strating abnormal regional function or perfusion, ex-
pressed as & percentage of the visible segments), with an
angiographic score of disease extent (modified from the
Gensini score). The echocardiographic and scintigraphic
correlation with the angiographic score corresponded to
a similar degree, with respective R values of 0-45 and
0-35. These data indicate that the imaging modalities
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have similar overall accuracy for the identification of
multivessel coronary artery disease, although both prob-
ably underestimate it. The underestimation of mulii-
vessel coronary artery disease by stress tests can be
explained by the premature cessation of stress because of
the devclopment of limiting ischaemia in one region,
imperfect assignment of myocardial regions to coronary
arteries, collateral circulations, anatomically signifi-
cant but functionally non-significant lesions, and (for
perfusion imaging) diffuse hypoperfusion.

Combination of stress
echocardiography and perfusion
scintigraphy

The roles of functional and perfusion imaging might
potentially be complementary in the diagnosis of cor-
onary artery disease. In particular, a strategy starting
with echocardiography (because of the fower cost)
followed by the addition of perfusion scintigraphy in
subgroups of patients seems attraciive. Two studies have
analysed the usefulness of ihe addition of perfusion
scintigraphy to echocardiography. Both Marwick ef
al'® and Senior et all'® found that the addition of
perfusion scintigraphy to all echocardiographic siudies
negative for ischaemia maximized sensitivity (from 72%
to 85% and from 93% to 98%, respectively), but com-
promised the specificity markedly (from 83% to 52% and
from 94% to 71%} by combining the false positives of
each methodology. In these two studies, additional
perfusion studies were required in 47% and 31% of the
patients, respectively. Clearly, this option is therefore
not feasible on grounds of cost or results,

A more altractive alternative is to add perfusion
studies {0 those echocardiographic tests in which the
yield is most likely to be the highest, for example, in
patients with submaximal dobutamine stress, since per-
fusion scintigraphy is known to be less compromised by
submaximal stress®***. Qnly Marwick et af!'® looked
at this option and found that with the addition of
perfusion scintigraphy only to negative, submaximal
echocardiography studies (14% of the patients) sensitiv-
ity increased from 72% to 80% and specificity decreased
from 83% to 77%. Their definition of submaximal stress
was the presence of f-blocking drugs or failure to attain
the maximal dobutamine dose. The option of addition
of perfusion scintigraphy to echocardiography in studies
simply not reaching larget heart rate (or a target rate-
pressure product) was not examined. Such a strategy
may, perhaps, improve the results of combining the two
techniques.

Stress echocardiography versus
perfusion scintigraphy — a
probabilistic approach

While values for sensitivity and specificily have a useful
role it comparing tests, the use of these investigations in

diagnostic practice is to assist in the clinical recognition
of coronary artery disease, In this sense, tests are used to
reclassify the initial clinical impression of the probability
of coronary artery disease into high-, low-, and
intermediate-risk subgroups. According to Bayes' the-
orem, the likelihood of a positive test result is deter-
mined by the probability of coronary artery disease in
the patient studied, as welt as the accuracy of the test, A
comparison of tesls using probability analysis permits
examination of their performance in groups with various
pretest likelihoods of coronary artery disease.

We performed such an analysis in 223 patients
without a previous myocardial infarction, studied with
dobutamine echocardiography and technetium-99m per-
fusion imaging™. The pre-test and post-test probability
of coronary artery disease (derived from the pre-test
probability and the likelihood ratios calculated from
values for sensitivity and specificity} were estimated in
all patients. The population was grouped into those
at high- (>80%), intermediate- (10-80%) and low-
probability (<10%) of coronary artery disease, before
and after the performance of each test, and the abilily of
each test to restratify patients was analysed. According
to the pre-test likelihood of coronary artery disease, 68
patients (30%) were regarded as having a low- or high-
probability of coronary artery disease. By application of
Bayes’ theorem, echocardiography defined t21 patients
(54%) as being in the high or low post-test prob-
ability groups, compared with 97 (43%;) using perfusion
scintigraphy (P<0-03), thus leaving more patients in
the intermediate-probability group after scintigraphy.
Importantly, the accuracy of predicting coronary artery
digease in the high-probability group, and the absence
of coronary artery disease in the low-probability group
was similar for echocardiography (105/121, 87%4) and
scintigraphy (88797, 91%).

Conclusions

This review has concentrated on the direct comparisons
of stress myocardial perfusion imaging and echocardi-
ography for diagnostic purposes. Some features of stress
testing with echocardiography and perfusion scintigra-
phy are comparable, for example, their aceuracy for the
diagnosis of coronary artery disease, and their ability to
identify the site (and to a lesser degree, the extent) of
coronary artery disease. Both techniques also have their
strong and weak points. Echocardiography requires less
cquipment {and costs less) than perfusion scintigraphy.
However, at the present state of development, stress
echocardiography is highly operator dependent, Irre-
spective of other considerations, if there is limited local
experiise in stress echocardiography, its use in prefer-
ence to the nuclear techniques is highly inappropriate.
However, once the condition of adequate training is
fulfilled, we believe thay the selection of one or other test
should be tailored to clinical circumstances rather than
be a uniform decision. To this end, we propose the
following guidelines.
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Perfusion imaging is more useful in:

(1) Patients with poor echocardiogeaphic windows.

(2} Patients requiring vasodilator stress (those unable to
exercise and with contraindications to dobutamine
testing).

Echocardiography is more useful in:

(1} Patients requiring dobutamine stress (those unable

to exercise and with contraindications to vasodilator

testing).

Patieats in whom safety is a major concern (poten-

tially unstable or severely ischaemic), Using echocar-

diography, ischaemia may be observed on-line and
the appropriate action taken,

Studies being performed to assess the adequacy of

therapy — as echocardiography visualizes ischaemia

rather than perfusion heterogeneity, and provides an
additional index of disease severity by measuring the
ischaemia-free stress time,

{4) Patients with a suspicion of significant valvular,
myocardial or pericardial components to their
presentation.

{5} Patients with coronary stenosis of questionable
functional significance,

(6) Patients with left ventricular hyperirophy or [eft
bundle branch block. Stress echocardiography
seems to be more specific than perfusion scintigra-
phy in these sityations (although these data await
confirmation).

2

—

3

~—

The combination of echocardiography and per-
fusion scintigraphy cannot be recommended because
of cost constraints. However, as particular features of
stress testing have been identified in which echocardiog-
raphy is inaccurate (submaximal stress), it may be useful
to perform stress echocardiography as the procedure of
choice, with the ability to inject technetium-99m in such
circumstances. This option has become feasible only
with the availability of technetium-99m, which does not
undergo redistribution, and is a potentially cost-cfficient
strategy.

Future developments

Important technical improvements are expected in the
near future {(some of which are already available) in both
echocardicgraphy and perfusion imaging, that will prob-
ably require the reassessment of the relative role of the
two imaging modalities.

The assessment of stress echocardiography has
been mainly visual (semiquantitative), potentially lead-
ing to low reproducibility, especially if the studies are
read by investigators of different institutions®®l, Edge
detection based on backscatter analysis and acoustic
quantification®”! with colour coding for the assessment
of the time course of endocardial motion, tissue Doppler
imaging®®*), and the use of contrast agentst™l, will
hopefully enhance the ability to characterize and quan-
tify wall motion in the near future, and may provide a

new and more reproducible approach to stress echocar-
diography. Centrast echocardiography may eventually
offer a means of evaluating both myocardial perfusion
and function using the same technique, at both rest
and stress. Finally, the role of three dimensional
echocardiography has to be explored.

Perfusion scintigraphy also has 2 great potential
for improvement due to some new technical develop-
meats. The use of multiple headed gamma cameras
will reduce the acquisition lime and improve spatial
resolution. Likewise, the examinatton of left ventricular
function (with first-pass studies) and perfusion after
the same injection of technetium-99m-labelled radio-
tracers, and the use of new algorithms for the attenua-
tion correction using transmission scanst*'l are factors
that will strengthen the information obtainable from
scintigraphic studies,

1t is very difficult to forsee the ‘winner’ among
the different available imaging methods, in this era of
very rapid developments, New techniques (e.g. coronary
magnetic resonance angiography™ and electron beam
tomography!™) that are not yet in routine practice
permit non-invasive imaging of the coronary artery and
although it is unlikely they will replace stress imaging,
they will opefully assist in evaluating patients in whom
interpretation of stress imaging is difficult.
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Dobutamine-Induced Hypoperfusion Without Transient Wall Motion
Abnormalities: Less Severe Ischemia or Less Severe Stress?

ABDOU ELHENDY, MD, PuD, MARCEL L. GELELINSE, MD, JOS R. T. C. ROELANDT, MD, FACC,
RON T. van DOMBURG, MSc, FOLKERT J. TENCATE, MD, FACC, JAN H. CORNEL, MD,
AMBROOS E. M. REIIS, MSc, GALAL M., EL-SAID, MD, FACC, PAOLO M. FIORETTI, MD, PuD

Rotterdam, The Netherlands

Objectives. This study sought to compare the clinical charac-
teristics, hemodynamic response and severity of ischemia in
patients with coronary artery disease and reversitle perfusion
defects on dobotamine 2-methoxy isobuiyl isonitrile (MIBL)
single-photon emission computed tomography (SPECT} wilh or
without transient wall motion abnormalities.

Background. The occurrence of reversible perfusion defects
wilkout concomitant wall metion abnormalities in patienis with
coronary artery disease was attributed fo less severe Ischemia.
However, little data are available to support this observation.

Methods. Fifty-four consecutive patients with significant coro-
nary artery disease and reversible perfusion defects on dobut-
amine (up to 40 pg/kg body weight per min) MIBI SPECT were
studied (mean [£SD] age 59 £ 11 years; 38 men, £6 women}, All
patlents underwent simultaneous echocardiography., The myocar-
dium was divided into six matched segments, and ischemic
perfusion score was quantifatively derived in myocardial segments
with reversible defects,

Results, New or worsening wail motion abnormalities occurred
in 40 patlents (74%) (group A) and were absent in 14 (26%)

{group B}, There was no significant difference between the two
groups with respect to age, previous myocardial infarction, numt-
ber of abnermal coronary arterles (5.8 + 0.8 vs. 1.6 = 0.9),
number of reversible perfusion defects {1.6 > 0.9 vs. 1.8 £ 0.7) or
ischemic perfusion score (412 & 750 vs, 526 + 553}, Patients in
group A bad a higher prevalence of male gender (80% vs. 43%, p <
0,01}, higher peak systolic blood pressure (147 = 30 vs, 127 £
31 mm Hg, p < 005}, higher peak rate-pressure product
(19,632 = 4,081 vs5, 16,939 * 4344, p < 0,01} and a higher
prevalence of angina (53% vs. 14%) and ST segment depression
(55% vs. 14%) than group B (p < 0.05 for both),

Conclusions, In patients with coronary artery disease and
ischemia on dobutamine MIBI SPECT, the absence of transient
walt motfon abnormatities Is associated with a similar extent and
severity of reversible perfusion defects, a lower siress rate-
pressure product and a higher prevalence of female gender than
palients with transient wall motion abnormalities. Mechanlcally
silent Ischemta should not be regarded as a marker of less severe
{schemla on myocardial perfusion scintigraphy.

{J Am Coll Cardiol 1996;27:323-9)

The diagnosis of myocardial ischemia relies on the detection of
different pathophysiologic sequelae of coronary artery disease.
These include reversible hypoperfusion and wall motion ab-
normalities, ST segment depression and typical anginal pain
{1-3}. Reversible perfusion and wall motion abnormalities
during exercise or pharmacologic stress testing are the most
accurate markers of myocardial ischemia in patients referred
for evaluation of coronary artery disease (1-14), It has been
demonstrated that hypoperfusion precedes the occurrence of
wall motion abnormalities in the ischemic cascade (15,16). The
severity of myocardial ischemia assessed by thallium scintigra-
phy has been reported to determine the occurrence or absence
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of concomitant transient wall motion abnormalities during a
dobutamine stress test (17). If this is confirmed by other
studies, a combination of reversible perfusion defecls and
transient wall motion abnormalities would identify patients
with severe ischemia and provide additional data for the
management and progaostic stratification of patients with
coronary artery disease. The present study sought to compare
the clinical, hemodynamic and scintigraphic variables in pa-
tients with coronary artery disease and reversible perfusion
defects on dobutamine 2-methoxy isobutyl isonitrile (MIBI)
single-photon emission computed tomography (SPECT), with
and without transient wall motion abnormalities, on simulta-
neous echocardiography.

Methods

Patient selection. The study included 54 consecutive pa-
tients with chest pain and inability to perform an adequate
exercise test who were referred to our cardiac stress imaging
laboratory for dobutamine stress echocardiography in conjunc-
tion with MIBI SPECT myccardial perfusion imaging. Al
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patients fulfiled the following criteria: the preseuce of revers-
ible perfusion defects on MIBI SPECT in the vascular tersitory
of one or more stenotic coronary arteries and adequate
imaging quality {mean [*+SD] age 59 * 11 years, range 32-80;
38 men, 16 women). Fhirty-one patients (57%) were receiving
antianginal medications, including beta-adrenergic blocking
agents in 28 (52%). Thirty-seven patients (69%) had a previous
myocardial infarction.

Dobutamine stress fest. Dobutamine was infused through
an antecubital vein starting at a dose of 10 ug/kg body weight
per min and increasing by 10 pg/ke per min every 3 min to a
maximum of 40 pg/kg per min. Atropine (up to 1 mg) was
given in patieats not achieving 85% of their age- and gender-
predicied maximal heart rate (18). The electrocardiogram was
monitored continuously and recorded each minute, Blood
pressure was measured every 3 min. The test was interrupted if
sevete chest pain, ST segment depression >2 mm, significant
tachyarrhythmias or a systolic blood pressure decrease
>4( mm Hg occurred during the test.

Stress echocardiography. Echocardiographic images were
acquired at rest and during the test and recovery. The left
ventricular wall was divided into 16 segments (19) and scored
using a four-point scale: 1 = normal; 2 = hypokinesia; 3 =
akinesia; 4 = dyskinesia (4,5, Both wall motton and thickening
were considered for analysis. Wall motion score was obtained
by summation of the individual scores of the 16 segments, The
diagnosis of ischemia relied on the occurrence of wall motion
abnormalities in one or more normat segments or the occur-
rence of akinesia or dyskinesia in one or more hypokinetic
segments at rest, As we previously concluded (20), ischemia
was not considered if akinetic segments became dyskinetic
without improvement at low dose dobutamine, The echocar-
diograms were recorded on videotape and digitized on optical
disk {(Vingmed CEM 800). Images were compared side by side
in quad-screen format. Image interpretation was performed by
two esperienced observers without knowledge of clinical, de-
mographic or scintigraphic data. In case of disagreement, a
majority decision was achieved by adding a third investigator,
We previously reported an interobserver and intrachserver
agreement for dobutamine stress echocardiographic assess-
ment in our laboratory of 91% and 92%, respectively (21).

SPECT imaging. Approximately 1 min before the termina-
tion of the stress test, an intravenous dose of 370 MBy of MIBI
was administered. Stress images were acquired I h afier
termination of dobutamine infusion. For rest studies, 370 MBq
of MIBI was injected at least 24 h after the stress study (8). For
each study, six oblique (short-axis) slices from the apex to the
base and three sagittal (vertical long-axis) slices from the
septum fo the lateral wall were defined. Each of the six
short-axis slices was divided into eight equal segments. The
interpretation of the scan was semiquantitatively performed by
visual analysis assisted by the circumferential profiles analysis.
Stress and rest tomographic views were reviewed in side by side
pairs by an experienced observer who was unaware of the
patient’s clinical or echocardiographic data. A reversible perfu-
sion defect was delined as a perfusion defect on stress images

that partially or completely resolved at rest in two or more
contiguous segments or slices, This was considered diagnostic
of ischemia, A fived perfision defect was defined as a perfusion
defect on stress images in two or more contiguous segments or
slices that persisted on 1est images. Echocardiographic and
scintigraphic images were classified into six major segments:
anterior, inferior, septal (subdivided into anterior and poste-
rior), posterolateral and apical To assess the severily of
hypoperfusion, each of the six major left ventricular segments
was scored on a four-grade scale: 0 = normal, and 3 = severely
reduced or absent uptake. The perfusion score was derived by
adding the scores of the six myocardial segments, The visual
fschemic score was obtained by subtracting the rest score from
the stress score. The perfusion defect score was quantitatively
calculated by measuring the arca between the lower limit of
normal values (+2 SD) and the actual circumferentiat profile
in six short-axis shices. The ischemic score was derived by
subtracting the rest score from the stress score in segments
with reversible defects.

Coronary angiography. Coronary angiography Wwas per-
formed, using the Judkins technique, within 3 months in all
patients. Significant coronary artery disease was defined as a
diameter stenosis =50% in onc or more major epicardial
arteries. Coronary arteries were assigned {o pasticular myocar-
dial segments as previously described (4).

Statistical analysis, Unless specified, data are presented as
mean valug & SD. The chi-square test and Fisher exact test
were used to compare differences between proportions, The
Student ¢ test was used for analysis of continuous data; p <
0.05 was considered statistically significant,

Resulis

Dobutamine stress test, Heart rate increased from 69 = 12
beats/min at rest to 131 * 18 beats/min at peak stress (p <
0.0001} and systolic blood pressure from 129 + 20 mm Hg at
rest to 141 + 30 mm He at peak stress {p < 0.01),

MIBI SPECT resulls. Reversible pedusion defects were
detected in all patients (by inclusion criteria), A total of 97
reversible defects were identified. Those were completely revers-
ible in 53 segments (55%, 34 paticats) and partially reversible in
44 (45%, 32 patients). In 30 segments, & fixed perfusion defect
was detected (21 patients). Among 97 segments with a reversible
defect, 8 (8%) were not associated with a significant stenosis of
the related artery (7 in inferior wall, I in anterior septum). These
defects were not included in the calevlation of ischemnic perfusion
defect score.

Stress echocardiography. Wall motion abnormalities were
detected in 35 patients {(65%) at rest. New or worsening wall
motion abnormalities were detected in 40 {74%). These pa-
ticnts comprised group A. Group B comprised 14 patients
(26%) without stress-induced wall motion abnormalities. Nine
patients in group B had baseline wall motion abnormalities
that were confined to the infarct region in all of them. Tour of
these patients showed improvement of coentraction in the
infarct region, whereas five patientshad unchanged wall
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Table 1. Clinical Features and Hemodynarmic Data in 54 Patients
With Reversible Perfusion Defects on Dobutamine MIBI SPECT
With and Without Transient Wall Motion Abnormalities

Table 2, Echocardiographic and Angiographic Data for 54 Patients
With Reversible Perfusion Delects on Bobutamine MIBI SPECT
With and Without Transient Wall Molioa Abnormalities

TFransient WMA Transieat WMA Transicns WA Transient WMA
Present Absent Present Absent
(n=46) {n=14) (o = 40) (n=14)
Age (1) 61 £ 10 57412 Rest WhiA 26 (65%) 9{64%)
Female gender 8 (20%) 8 (57%)* Rest wall motion score 256 0+4
Previous infarction 26 (655%) (%) Stress wall motion score WBx7 X4
Beta-blocker medication 23 (58%) 5(36%) Multivessel disease 22 (55%) 5{31%)
Rest HR. (beats/min}) 013 68+11 No. of stenotic arteries 18+ 08 16 *09
Peak HR (beals/min) 13416 125 + 18 LAD disease 27 (65%) 10 (7156}
Rest SBP (mm Hg) 130+ 18 128+23 LCx disease 18 (45%) 5(36%)
Peak SBF (mm Hg) 1130 127 231t RCA discase 25 (63%) T{50%)
;le;; rate-pressure p:r;iiucl Ig’égg f 42'3;:: 12’;2; f 3,535 ¢ *p < 0.01. Data presented are mean value = SD or numbsr (%) of patients.
eak fate-pressure pr ! uct e iy ﬁ.344 LAD = left anterior descending coronary artery; LCx = left circumflex coronary
85 of target HR achieved 22{55%) 4 (9%} artery; RCA = right coronary artery; WMA = wall motion aboommalities.
Anpina during test 21(53%} 2{14%H
ST segment depression 17(55%% 2(14%)t

*p < 0.01. tp < 0.05. In patients with interpretable electrocardiographic
results. Data presented are mean value + SD of number (50) of patients, HR =
heart rate; SBP = systolic blood pressure; WMA. = wall motion sbnormalities.

motion during dobutamine infusion. In group A, all patients
had transient wall motion abnermalities in the vascular terri-
tories of one or more abnormal coronary arteries. A total of 83
ischemic segments were detected, 6 of them (7%) not in the
vascular territory of an abnormal artery (3 inferior, 1 lateral, 2
anterior segrments). In group B, a negative echocardiographic
response was associated with a reversible perfusion defect
confined to a dyssynergic segment in four patients (29%). The
involved segments were hypokinetic in three patients and
akinetic in one. Two of these patients had a lessening of
thickening during dobutamine infusion,

Clinical characferistics and hemodynamic response,
There was no significant difference between groups A and B
with respect to age, previous myocardial infarction, risk factors
or beta-blocker therapy. In patients with previous myocardial
infarction, the infarct tocation was anterior in 13 (50%) in
group A and 3 (27%) in group B. Patients in group B had a
higher prevalence of female gender, a lower peak rate-
pressure product, a lower peak systolic blood pressure, a lower
incidence of angina and ST segment depression during the test
{Table 1) and a trend to a lower peak dobutamine dose (37.9 =
5.8 vs. 39.8 + L6 pgkg per min, p = 0.06) than group A.
Systolic blood pressure increased significantly from rest to
peak stress in group A (p < 0.01) but not in group B, Atropine
was given to 20 patients in group A (50%) and 6 in group B
(43%). A decrease or failure of increase of systolic blood
pressure from rest to peak stress oecurred in 12 patients (30%)
in group A and 9 {64%) in group B (p < 0.05). The lest was
interrupted in nine patients (23%) in group A (angina in six,
ST segment depression in three) and in three (21%) (all with
angina} in group B (p = NS). Twenty-two patients in group A
(55%) and four in group B (29%) achieved 85% of the
maximal exercise heart rate predicted for age and gender (p =
0.09).

Echocardiographic, angiographic and scintigraphic data.
There was no significant difference between groups with
respect to prevalence of multivessel disease, number and
distribution of abnormal coronary arieries or rest wall motion
score. Peak wall motion score was higher in group A. The
number of reversible perfusion defects as well as stress, rest
and ischemic perfusion scores was not different between
groups (Table 2). The distribution of reversible defects in the
six segments was similar (Table 3), except for a higher preva-
lence of anterior defects in group B (p < 0.01), Inclusion in
group A of the five patients of group B who had unchanged
wall motion during dobutamine infusion did not change the
comparable variables of reversible hypoperfusion in the two
groups.

All patients with left bundle branch block (n = 6) and left
ventricular hypertrophy (n = 3) had transient wall motion
abnormatitics, Scintigraphic and echocardiographic images of
a patient in group A are shown in Figure 1.

Talle 3. Distribution of Reversible Perfusion Defects and Perfusion
Defect Score in 54 Patients With and Without Transient Wall
Motion Abnomalities

Transient WA Transient WMA

Present Absent

{n = 40) {n =14}
Anlerior 10(25%) 9{64%)
taferior 18 {45%) 6{36%)
Posterotateral 8 (20%) 1(1%)
Anlerior septum 8(20%) §{29%)
Postesior septum 9(2)%) 3(21%)
Apex 11(28%) 3(U%)
No. of reversible defects 1609 18+07
Rest perfusion defect score 1,032 + 1,286 600 & 559
Stress perfusion defect scoze 1,362 + §,642 1,135 £ 938
Quanlitative ischemic score 412 £ 750 526 + 553
Visual ischemic scere Is*2 3812

*p < 001, Data presented are mean velue * SO or number {%) of patients.
WHA = wall motion abrormalities.
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Figure 1. Diastolic {A) and systolic {B) echocardiographic frames from
the apical long-axis view in a 56-year ofd man with feft circumflex corenary
artery disease, an ofd inferior myocardial infarction and exertional chest
pain. At basetine, low dose dobutamine {10 pg/kg per min), kigh dose
debutaminie (40 ug/kg per min) and atropine show hypokinesia of the
pasterior walt at rest deteriorating fo akinesia at high dose and atropine
images (arrows), Simultaneous perfusion scintigraphic image in the basal
short-axis stice (C} and the corresponding circumferential profile (B} in
the same patient show a defect in the posterofateral wail (arrows) at stress
image (right} that was reversible at rest image (left). A = anterior; BPM =
beats per minute; ECG = electrocardiogram; L = lateral; P = posterion § =
septal; 1 to 2 = clockwise division of sepments in short-axis dices.

Yaridbles associated with female gender. A negalive re-
sponse on the stress echocardiogram was oblained in 8 (50%)
of 16 women and 6 (16%) of 38 men (p < 0.01). The following
variables were not different between women and men: age
{62 + 13 vs. 58 * 9 years), rest wall motion score (19.7 £ 4.5
vs, 227 £ 5.9), peak systolic blood pressure (140 + 28 vs.
142 + 32 mm Hg), rate-pressure product (17,403 :+ 4,385 vs,
19,210 + 4,384, p = 0.2}, number of abnormal coronary

arteries (1.5 = 0.9 vs. 1.8 = 08, p = 0.2) and number of
reversible defects (1.8 = 0.8 vs. 1.6 * 0.9). Male gender was
associated with a higher peak heart rate {135 £ 15vs, 124 * 16
beatsfuin, p < 0.05), peak wall motion score (256 & 7 vs.
21.2 = 0.5, p < 0.05), and prevalence of mulivessel disease
{61% vs. 25%, p < 0.05); a trend to a higher prevalence of
previous infarction (76% vs. 50%, p = 0.06); and a higher
stress perfusion score (1,609 * 1,590 vs, 598 * 937, p < 0.05),
rest score (1,132 = 1,212 vs, 416 * 832, p < 0.05) and ischemic
score (554 * 795 vs. 181 % 172, p < 0.05) than was female
gender.

Beta-blocker therapy. There was no significant difference
between patients with and those without beta-blocker therapy
with regard to age, gender, extent of ceronary artery disease,
prevaterce of ischemia on echocardiography or quantitative
perfuston defect score. Patients taking beta-blockers had a
lower peak heart rate (126 + 17 vs. 139 £ 15 beats/min, p <
0,01}, a lower peak rate-pressure product {17,869 = 4,250 vs.
20,116 * 3,706, p < 0.05) and a higher maximal dobutamine
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dose (40 = Ovs. 37 + 6 pg/kg per min, p < 0.05) than those not
taking beta-blockers. Among patients receiving beta-blockers,
peak heart rate was higher in group A than in group B {130 +
I8 vs. 108 * 16 beats/min, p < 0.05).

Discussion

Identification of stress test variables associated with more
severe ischemia is important in the management and prognos-
tic stratification of palients with coronary artery disease,
especially in the presence of equivocal indications for revascu-
larization (22). The echocardiographic method of evaluation of
wall motion during a stress test used in clinical practice
depends on a semiquantitative visual evaluation with a timited
scoring scale of different grades of dyssynergy {(4-12). Con-
versely, the detection of a reversible perfusion defect with the
relatively automated myocardial SPECT imaging is assisted by
quantitative analysis of perfusion defect size. Theoretically,
this can explain the lack of stress-induced wall motton abnor-
malifies in patients with reversible hypoperiusion on the basis
of less severe flow malperfusion and presumably less severe
ischemia (14). Therefore, it is important to determine whether
the absence of inducible walt motion abnormalities identifies a
population with different clinical characteristics and extent and
severity of ischemia, different hemodynamic response to do-
butamine or extent of coronary ariery disease.

The results of our study are derived from a symptomatic
patient cohort with coronary artery discase and reversible
defects on dobutamine perfusion scintigraphy. The dafa show
that the presence or absence of transient wall motion abnor-
malities in conjunction with a reversible perfusion defect is not
refated to the severity of ischemia asscssed by quantitative
MIBI SPECT imaging. The absence of transient wall motion
abnormalities correlated with a lower peak rafe-pressure
product, impaired systolic blood pressure response at peak
stress and higher prevalence of female gerder. The lower
rate-pressure product in the group with a negative response on
echocardiography can be explained by the occurrence of
hypoperfusion earlier than wall motion abnormalilies in the
ischemic cascade (15,16). Consequently, diagnostic techniques
dependent on the detection of wall motion abnormalities may
be more vulnerable to a submaxima stress than with perfusion
imaging techniques (12). The association between transient
wall motion abnormalities and a higher prevalence of ST
segment depression or angina, or both, during stress may be
explaingd by the late occurrence of angina and ST segment
depression after impairment of perfusion and function in the
ischemic cascade {15,16,23). Because the latter stops before
the occurrence of mechanical dysfunction in patients without
transient wall motion abnormalities, these paticnts were more
likely to have less angina and ST segment depression. There
was a higher prevalence of reversible perfusion defecis in the
anterior wall in patients with than without transient wall
motion abaormalities, which may result from the difficulties in
delineation of the entire endocardium of the anterior wall in
the apical two-chamber view, The apparent trend to a higher

rest wall metion and perfusion defect score in patients with
transient wall motion abnormalities may be related to the
relatively higher prevalence of anterior myocardial infarction
in the former group, All patients with left bundle branch block
or left ventricufar hypertrophy had a positive echocardio-
graphie study response. This is not surptising, because diag-
nostic problems in this cohort were described with scintigraphy
(24,25) and not with echocardiography, which was reported to
e more accurate in patients with than without left ventricular
hypertrophy (11).

Comparison with previous studles, To our knowledge, this
is the first study to evaluate severity of myocardial ischemia in
patients with reversible perfusion defects in the presence or
absence of simultancous transient wall motion abnormalities
during stress testing, Coma-Canella et al. (17} studied patients
after recent myocardial infarction by dobutamine stress with
radionuclide angiography and thattium-201 SPECT on two
separate days. They concluded that mitd 10 moderate ischemia
on {he basis of visual analysis of reversible thallium defects is
compatible with improvement or no change of regional func-
tion, whe reas severe ischemia results in worsening of function.
Untike radionuclide angiography, echocardiography allows
tomographic evaluation of both endocardial excursion and wall
thickening, improving the detection of mechanical dysfunction,
The difference between the two studies may be explained by
the tomographic assessment of wail motion and quantitative
assessment of perfusion in our study,

Accuracy of dobutamine s(ress testing in women. Despite
the finding that exercise perfusion scintigtaphy is more accu-
rate than electrocardiography in women (26), there are some
inherent diagaostic problems of perfusion scintigraphy in
wonien, including false positive test results caused by a shifting
breast artifact, In our study, women had a higher incidence of
negative responscs on cchocardiography, a lower peak heart
rale, a lower peak wall motion score and a lower ischemic
perfusion defect score. It cannot be precisely concluded
whether these findings are related to the lower prevalence of
multivesse] disease, a lower peak heart rate or  difference in
inducibility or detection of wall motion abnormalities in
women, It has been reported (27) that exercise echocardiog-
raphy is an accurate method for the diagnosis of coronary
arlery disease in women. Because the predicted maximal
exercise heart rate is higher in men than women at a given age
{28}, a similar calculation of maximal heart rate during dobut-
aming stress testing may not be appropriate for women under-
going dobutamine stzess echocardiography, where the detec-
tion of ischemia may be critically dependent on heart rate
increment,

Accuracy of dobutamtne stress testing at various Ievels of
stress. Previous studies have shown that a submaximat dobut-
amine stress test response, defined as a iest in patients
receiving beta-blockers or unable to complete the standard
protocol, is associated with reduced sensitivity of echocardiog-
raphy, whereas the effect on sensitivity of perfusion scintigra-
phy is less prominent (11,12}, Because (ke dobutamine stress
test is an exercise-simulating stress modality, a significant
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increase in rate-pressure product is required to yicld a high
accuracy, especially for the detection of abnormal wall motion,
We previously showed (29) that in an unselected patient cohort
with suspected myocardiat ischemia who underwent dobut-
amine stress echocardiography with simultaneous MIBI
SPECT, the addition of MIBI study results to echocardio-
graphic study results that are negative for ischemia at submaxi-
mal testing was patticutarly useful for the prediction of cardiac
events,

Effect of befa-blockers, In our study, the prevalence of
ischemia detected at echocardiography was not different with
or without beta-blocker therapy, This may be a result of the
adminstration of atropine, which was reporied to increase
sensitivity, particularly in patients receiving beta-blockers (30),
and of the higher dobutamine dose in palients receiving
beta-blockers, which may compensate for the lower rate-
pressuze product by exerting a greater positive inotropic effect.
Additionally, in patients receiving beta-blockers, peak heart
rate was higher in paticnts with than without ischemia on
echocardiography,

Role of systolic blood pressure response, High dose dobut-
aming infusion induces myocardial ischemia by increasing
metabolic demand through an increase in heart rate and
mygcardial contractility {31-33). Coronary vasodilation and
flow heterogeneity result from the increased myocardial de-
mand and a weak vasodilator effect (33). The effect of dobut-
amine on systolic blood pressure is infiuenced by mechanisms
refated to contractility and systemic vascular resistance (34},
Therefore, the imporfance of a systolic blood pressure re-
sponse in the attainment of an adequate stress test level has
not been proved. An interesting finding of our study is that
patients with negative echecardiographic responses had an
impaired systolic blood pressure response in contrast to those
with positive responses. This difference is ualikely to be related
to myocardial ischemia because in this situation, an impaired
systolic blood pressure response is expected to occur in the
group with rather than without mechanical dysfunction, Con-
versely, an impaired systolic blood pressure response is most
likely the reason for a negative echocardiographic response
and can be explained by a possible predominant peripheral
vasodilator response in these particular patients. The role of a
systolic blood pressure response is supported by the reported
findings of a significant increase in systolic blood pressure with
dobutamine, even comparable to that obiained with exercise in
some studies (7,35). Echocardiography was reported to have
good sensitivity, comparable to that of perfusion scintigraphy,
when used with stress modalities associated with heart rate and
systolic blood pressure increases, such as exercise (1,2) and
dobutamine (8,9), whereas sensitivity is low compared with
that for perfusion scintigraphy when applied with vasodilator
stress testing with dipyridamole (36), in which there is a mild
increase in heart rate during which systolic blood pressuse
either decreases or does not change. For echocardiographic
imaging, the sensitivity of dobutamine and exercise was found
to be higher than that of dipyridamole (37). It can be postu-
lated thal in particular patients, a modest bit critical increment

in systolic blood pressure during dobutamine infusion is re-
quired to increase the left ventricular wall stress and result in
subendocardial ischemia and deterioration of function that can
be detected by visual assessment, This may nof be as critical for
reversible hypoperfusion that occurs at a lower stress fevel,

Limitations of the study, The number of patients with
negative echocardiographic responses was small. The patient
cohort was heterogeneous and included some patients with a
previous myocardial infarction. However, only one patient had
a negative echocardiographic study response and a reversible
perfusion defect confined to an akinetic segment. Assessment
of the severity of ischemia by perfusion scintigraphy may have
some pitfalls because the latter detects flow malperfusion as
well as true ischemia. Difference in perfusion may be attenu-
ated in patients with multivessel disease (17). Finally, some
patients were receiving medications, including beta-blockers.
Nevertheless, we previously showed (30) that the addition of
atropine increases the sensitivity of dobutamine echocardiop-
raphy, especially in patients recciving beta-blockers.

Clinical implications, Because a lower peak rate-pressure
product correlated with a negative dobutamine echocardio-
graphic test response in patients with reversible perfusion
defects, great attention should be given to achieving a higher
product in patienis undergoing dobutamine stress echocardi-
ography alone, This may include stopping beta-blockers and
implementing a stress profocol aimed at the attainment of a
higher heart rate, including atropine administration (18,30) or
the use of a longer dobutamine infusion time (38). The
occurrence of mechanically silent ischemia manifested as
reversible perfusion defects without tramsient wall motion
abnormalities should be distegarded in the management of
patients with coronary artery disease as a marker of less severe
ischemia as assessed by myocardial perfusion scintigraphy,

We are grateful to René Frowyn, MSe and Joyoe Postma-Tjoa, MSc for their
invaluable techaical assistance.
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Previous reports have suggested that dobutamine stress echocardiography compares favourably with other stress
agent-imaging modality combinations for the detection of coronary artery disease. However, in datly clinical practice
the value of a test is defined on u probability basis. To study the relative diagnostic contribution of clinical and
dobutamine stress test variables, Bayesian analysis was performed in 223 patients with suspected coronary artery
disease, who underwent coronary angiography and a high-dose dobutamine stress test in conjunction with electrocar-
diography, echocardiography and Technetiun-99m sestamibi SPECT myocardial perfusion scintigraphy. According to
the pre-test (clinical) probabilities, patients were divided into low-, intermediate- and high-risk groups; 155 patients
were i the intermediate-risk group. After dobutamine stress echocardiography the mumber of patients in this
intermediate-risk group was reduced to 102 (P<0-0001). This reduction of patients in the intermediate-risk group by
echocardiography was better than perfusion scintigraphy (102 vs 126 patients, P<(-05) or classic nuarkers of ischaeniia
such as angina andlor ST-segment changes (102 vs 150, P<0-000{). Moreaver, there was a good correlation between

the echocardiograplic posi-test probabilities and the true distribution of coronary arfery disease.

Infroduction

The diagnostic value of the different pharmacological
stress agents and imaging modalities for the detection of
coronary artery disease is usually presented in relation to
the coronary anatomy (sensitivity, specificity and accu-
racy). These values reported from different institutions,
differed widely within the same siress agent or imaging
modality, and also when the different stress agents and
imaging modalities were compared!). This may be
explained by the influence of many factors including
patient selection, stress profocol and expertise in per-
forming and interpreting the examinations®, Therefore,
comparisons between different stress agents or imaging
modalities are most appropriate if applied in a direct,
head-to-head study design. Moreover, the clinical ben-
¢fit of performing an investigation needs to be placed in
the clinical context of the patient, Incorporation of both
clinical data and stress test results would permit the
resulis to be expressed in a continuous quantitative
manner {probability of disease) rather than in a binary
fashion (having disease or not).

This paper reviews the data on the existing direct
comparisons between the different stress agents and
imaging modalities. In addition, it provides an example
of a probabilistic {Bayesian) approach to compare dif-
ferent stress fest variables used in conjunction with

{Present address: Cardiolegy Department, Claveland Clinical Foundation,
Cleveland, Ohie, U.S.A.

Correspondence: Paolo M. Fioretti, MD, PhD, Universily Hospital
Rotterdam-Dijkzigt, Theraxcenter, Ba 300, Dr Molewaterplein 40,
3015 G Rotterdam, The Netherlands.

dobutamine stress, obtained from electrocardiographic,
perfusion scintigraphic and echocardiographic studies,

Pharmacelogical stress agents and imaging modalities

Pharmacological stress testing plays an important role
in the diagnosis of coronary artery disease in patients
who are unable to perform an adequate exercise test. At
the Thoraxcenter, Erasmus University Rotterdam, up to
23% of all stress tests are performed with pharmacologi-
cal stress agents (Fig. [). In general, the most popular
pharmacological stress agents are dobulamine (an
exercise simulator™) and dipyridamole or adenosine
{vasodilators!™). These agents act through completely
different biochemical and haemodynamic mechanisms,
with the same uliimate goals: the induction of blood flow
heterogeneity and myocardial ischaemia in the territory
dependent on a ‘critical’ stenosis. This blood flow hetero-
geneity and ischaemia may be visualized by perfusion
scintigraphy and two-dimensional echocardiography,
respectively.

Which is the optimal stress agent-imaging modality
combination?

Reports on the sensitivity and specificity of echo-
cardiography and scintigraphy using the different stress
agents for the detection of coronary artery disease vary
widely™, Therefore, direct comparisons are the most
appropriate but these data are scarce. Reviewing the six
reporis on dobutamine vs dipyridamole echocardi-
ography!® % (Table 1) and the two reports on
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Figure I Distribution of the different stress test modalities
performed at the Thoraxcenter Rotterdam in 1993 (n=2131).
(G=Exercise ECG {(n=1372); @=Exercise+3PECT (n=265);
B=Pharmacological ECHO {(n=236); M=Pharmacelogical
SPECT (n=72); 8 ="Pharmacological ECHO+SPECT (n=186}).

Table I Direct comparisons between dobutamine (40 pg kg ™4 min

dobutamine vs adenosine echocardiography®™'! (Table
2), dobutamine was more sensitive (78% vs 67%,
P<(-002 and 82% vs 52%, P<0-0001 respectively) and
equally specific. Accepling dobutamine to be the best
stress agent for echocardiography, the next step is to
comparte the use of this stress agent with the different
imaging modalities: echocardiography and perfusion
scintigraphy, In Table 3, three direct comparisons be-
tween dobutamine stress echocardiography and per-
fusion scintigraphy™**¥ are presented. On the basis of
these reporls echocardiography is more specific (85% vs
69%, P<0-05). Another remaining question to be an-
swered is the value of vasodilator perfusion scintigraphy,
claimed by some authors to be superior to dobutamine
perfusion scintigraphy'®l. However, the existing direct
comparisons between dobutamine stress echocardiogra-
phy and vascdilator perfusion scintigraphyt'!'® all
favour the former. In view of these comparable levels of
accuracy, as well as the availability and lower cost of
dobutamine stress echocardiography, we believe the
latter is the optimal first line non-exercise stress—imaging

1) and dipyridamole (084 mg kg~ ') echocardiography

Author Stress 10 NoMI CAD Mo pts Sens (%o, Spec (%, Ace (%, Sens Sens
ps  pis  %DS MIVMVD  95% CH 95% CB) 95%Cl) (%) SVD (%) MVD
Martint®! dobu 40 14 =S50 ISWIS 76 (6389} 60 (45-75) 7O (56-84) 7 7
dipy 36 (M-TL) 67 {52-81) 60 (45-75) ? 7
Salustri® dobu 46 15 =50 18/10/18 57 (43-71) 78 (66-90) 65 (51-79) 44 67
dipy 64 (50-78) B9 (S0-98) 74 (61-87) 50 7
Lanzarini™? dabu 20 15 =7 23724133 79 (70-88)* 83 (74-51) 80 (7189 62 9
dipy 60 (49-70) 96 (91-10G) 70 (60-80) 33 7%
Previtalit® dobu a5 i =70 TH62 68 (52-83) 100 74 {60-89) 50 92
dipy 57 @7H 100 66 (50-81) 31 02
Boccanellit®! dobu 83 ¥ =70 14/40/29 83 (74-91) 100 86 {78-93) 15 921
dipy T {60-19) 100 75 {65-84) 60 82
Beleslinf'®! dobu 136 Kz =50 17/108/11 82 {16389) 76 (69-34) 82 {75-88) 82 82
.dipy 74 {66-31) 94 (90-98) 76 (69-84) 72 9t
All combined ‘dobu 420 199 94205/121 T8 (T4-8Nt 81 (I185) 79 (3583 74t 86
dipy 67 (62-11) S0 (87-93) 72 {68-76) 61 52

pts=patients; MI=myocardial infarction; CAD %DS =% diameter stenosis vatue for significant coronary artery disease; N=no significant
CAD; 1V=one vessel disease; MVYD=mullivesse] disease; Sens=sensitivity; 95% CI=95% confidence interval; Spec=specificity;

Acc=accuracy; SVD=single vessel disease; dobu=dobutamine; dipy=dipyridamole; *=P<005; $=P<001; }=,<0-002.

Table 2 Direct comparisons between adenosine { =084 mg kg~ } and dobutamine (40 pig kg~ ' min~!) echocardiography

Author Stress No NoMI CAD No pts Sens (%, Spec (%, Acc (%5, Sens Sens
pts pls %DS  NAVIMVD 95% CI) 5% CI) 95% CI) (%) 8VD (%) MVD

Martin!% adenc 40 14 =50 1517118 40 (25-55t 93 (86-100)F 60 (45-75) ? 7
dobu 76 (63-89) 60 (45-75) 70 (56-84) ? ?

Marwick!'!! adeno 97 0 250 38131728 58 (43678 87 {80-94) 69 (60-78)1 5 64*
dobu 85 (11-92) 82 (M-89) 84 (76-91) 84 35

All combined adeno 137 14 250 53138146 52 (#4-61)1 89 (83-94) 66 (58-74)f 5t 64*
dobu 82 (76-89) 75 (68-83) 80 (73-86) 84 86

pts=patients; MI=myocardial infarction; CAD %DS=% diameter stenosis value for significant coronary artery disease; N=no significant
CAD; IV=one vessel disease; MVD=multivessel disease; Sens=sensitivity; 95% CI=95% confidence interval; Spec=specificity;
Acc=accuracy; SYD=single vessel disease; dobu=dobutamine: adeno=adenosine; *=pP<005 {=P<0-0L; }=P<0-02; §=P<0001;

li=P<0-0001.
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Table 3 Direct comparisons between dobutamine {40 pg kg™ min~?) echacardiography and perfusion scintigraphy

Author Stress No NoMI CAD No pts Sens (Yo, Spec (%, Acc (%, Sens Sens
pls pls %DS  N/IVIMVD 95% CI) 95% CI) 95% CI (%) SVD (%) MVD

Guoalp!'? echo 27 0 =50 91949 83 {69-18) 89 (77-100) 85 (72-99) 77 100
mibi 94 (86-100) 89 (77100} 93 (33-100) 88 88

Marwick!' echo 217 0 =50 15168174 72 {66-78) 83 (78-88)§ 76 (70-82) 56 77
mibi 76 (70-82) 67 (60-73) 73 (67-79) 74 78

Stoiber(t echa 53 0 =50 26/18/9 89 (80-97) 88 (80-97) 89 (80-971 89 8%
mibi 70 (38-83) 69 (57-82) 70 {57-82) 83 44

Al combined  echo 297 ] =50 110/95{92 75 {710-80) 85 (80-89)* 79 (74-83) 72 80
mibi 71(72-82) 69 (63-75) 74 (69-79) 7 76

pts=palients; Ml=myecardial infarction; CAD %DS=% diameter sterosis value for significant coronary artery disease; N=no significant
CAD; 1V=one vessel disease; MVYD=multivessel disease; Sens=sensilivity; 95% CIi=95% confidence interval; Spec=specificity;
Acc=accuracy; SVD=single vessel disease; echo=echocardiography; mibi=Technetium-99m sestamibi SPECT; *= P<¢01; t=P<0-02;

1=P<005.

combination for the detection of coromary artery
disease.

Probabilistic approach to the diagnesis of coronary
artery disease

The diagnosis of coronary artery disease on the basis
of history and physical examination alone is often
difficult, and a stress est is frequently used as the initial
non-invasive investigation in the evaluation of patients
suspected of having coronary artery disease. Despite the
fact that sensitivity {proportion of correctly identified
patients with disease) and specificity (proportion of
correctly identified patients without disease) define the
strength of a stress test, the final result cannot be
satisfactorily interpreted unless the pre-test probability
of disease is considered. These pre-test probabilities are
related to multiple clinical variables such as sex, age,
and chest pain characteristics and were described by
Diamond and Forrester!'” in a series of over 60000
patients (Table 4),

The use of Bayes’ theorem of conditional probability
can assist in the interpretation of a test result and can
also provide a meaningful estimate of the post-test
probability in the individual patient. According to this
theorem post-test probability is a function of pre-test
probability, and the sensitivity and specificity of the test.
Under the assumption of the independence of the stress
test result from the clinical {pre-test) data, post-test
probability can be calculated according to the following
formulal'®,

post odds=prior odds x likelihood ratio (LR)

adds = probability/(1 — probability)
LR = sensitivity/(1 — specificity) in case of a
positive test
= (1 — sensitivity)/specificity in case of a
negative test
So, the better (very high or very low) the likelihood ratio
of the test (determined by sensitivity and specificity), the
more discriminant a test is.

where,

Table 4 Pre-test probability of CAD in pallents according fo age,
sex and chest pain characteristics

Age Sex Non-anginal Atypieal Typical
(years) chest pain angina angina
30-39 M 52408 208124 697432
F 08203 42+ 1-3 258166
40-49 M 14-1£1-3 46-1 % -8 873+ 1-0
F 2807 133£29 552465
5059 M 21517 589+1-5 92006
F 84412 3244 £ 30 794424
6069 M 28-1£19 671+ 13 94-3 4 4
F 186+19 5444 2-4 906+ 1-0

For example, given a patient with a pre-test probabil-
ity of disease of 40% and test sensitivity and speeificity of
both 90% and a positive {est resull, the prior odds will be
0-4/(1 — 0-4)=0-67, LR will be 0-9/(f —0-9)=9, and post
odds will be 0-67 x 9=6, Calculating the odds back to
probabilities {probability=odds/(1 +odds)}, the post-test
probability will be 86%.

-Figure 2 represents the effect of iwo tests with differ-
ent diagnostic accuracies {test A with a low sensitivity
and specificity of both 60% and test B with a high
sensitivity and specificity of both 80%) on the post-test
probability of disease in two patients with different
pre-test probabilities, The first patient is a 55-year-old
male with {ypical angina, while the second is a 45-year-
old female with typical angina. In the first case the
pre-test probability of coronary artery disease is so high’
(92%) that a positive response after both tests does not
appreciably increase the final post-test probability (95%
for test A and 98% for test B respectively). However, in
the second patient, the pre-test probability of coronary
artery disease is intermediate (55%). In this patient, a
positive response to test A would not be of diagnostic
benefit {post-test probability would increase to only
65%). On the other hand, a positive response (o test B
would be highly diagnostic (post-test probability would
increase to 83%). Therefore, the diagnostic potential of a
stress test is, as a peneral rule, of most help in patients
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Figure 2 Schematic representation of the effect on post-test probability of two different diagnostic procedures
(test A and B) with different diagnostic accuracies. Two patients (patient | {——-} and 2 (—)) were studied with
different pre-test probabilities (92% and 55%) of CAD, See text for explanation.

with intermediate pre-test probabilities, and so patients
with very low or high pre-test probabilities should not be
referred for diagnostic siress testing. This does not, of
course, exclude the usefulness of performing a stress test
in high-risk patients for other purposes, such as risk
stratification(!],

Methods
PATIENT SELECTION

The study group included 223 patients with suspected
coronary artery disease, 197 from St. Luc University
Brussels and 26 from the Thoraxcenter, Erasmus Uni-
versity Rotterdam, None of the patients had historical
or electrocardiographic evidence of previous myocardial
infarction, unstable angina, cardiomyopathy, severe val-
vufar disease, severe hypertension, ventricular hypertro-
phy, bundle branch block or was using digitalis. All
patients underwent a high-dose dobutamine stress test in
conjunction with electrocardiography, echocardiogra-
phy and Technetium-99m sestamibi SPECT myocardial
perfusion scintigraphy and in all patients coronary
arteriography was performed within 3 months of the
dobutamine stress test.

DOBUTAMINE STRESS

The dobutamine stress test was performed as previ-
ously deseribed*32% ju conjunction with simultaneous
electrocardiography, Technetium-99m sestamibi SPECT
myocardial perfusion scintigraphy and echocardiogra-
phy, using a similar protocol in both centres with a
maximal dobutamine dose of 40pg. kg™ ' . min"\ A
fest was considered abnormal in cases of chest discom-
fort not decreasing in intensity with increasing heart
rate, 0:1 mV or more horizontal or downsloping ST-
segment depression or ST-segment elevation at 60 ms
after the J point, a perfusion defect or a wall motion
abnormality, respectively. All  test  results were

interpreted by experienced observers who had no
knowledge of the clinical, angiographic or other test
results,

CORONARY ARTERIOGRAPHY

Coronary arleriography was performed using the
Judkins technique in all patients and was quantitively
assessed as previously described?'22, A coronary
artery narrowing of af least 50% diameter stenosis was
considered significant.

STATISTICAL ANALYSIS

Data are expressed as mean+ 8D, unless specified,
Where appropriate, 95% confidence intervals are given,
The calculation of sensitivity, specificity and accuracy
relied on the standard definition. Paired and unpaired
t-tests were performed when appropriate to compare
data. A P-value of less than 005 was considered
significant,

The pre-test probability of coronary artery disease
was calculated according to a table using age, gender
and symptoms!”, The patient group was divided
according to probability estimates, into a high-risk
group defined as having a pre-test probability of >80%,
an intermediate-risk group with a probability of 10% to
80%, and a low-risk group with a probability of <10%.
The likelihood ratio associated with a positive test was
calculated as sensitivity/(1 - specificity), and for a nega-
tive test as (l.— sensitivity)/specificity. Post-odds were
calenlated as the product of pre-test probability, with
the likelihcod ratio of a posilive or negative test, Con-
version Lo post-test probability was derived as; (post-test
odds)/{1 +post-test odds).

To compare and visualize the diagnostic value of
the different clinical and stress variables, we used
a Receiver-Operating Characteristics curve (ROC
curve). In this curve, sensitivity vs specificity of a test
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Figure 3 Results of dobutamine stress electrocardiography andfor chest pain (ECGIAP; £8), perfusion scintigraphy (MIBE
SPECT; OJ) and echocardiography (ECHO; @) for the diagnosis of CAD.

is plotted (where sensitivity is the fraction of positive
classifications for all patients who satisfy the endpoint
criferia and specificity is the fraction of nepative classi-
fications for all patients who satisfy the non-endpoint
criteria). This curve, when generated for different tests,
provides a direct comparison of resulls over the entire
range of measurements.

Results
PATHINT CHARACTERISTICS

The study group included [53 men and 70 women,
aped 58 & [0 years. Fifty-one (23%) patients took beta-
adrenoreceptor antagonisis on the day of the test. The
mean pre-test probability of disease, calculated for each
patient on the basis of age, gender and chest pain
characteristics ™ was 55+ 28%.

DOBUTAMINE STRESS

In the overall group, dobutamine increased the
hearl rate from 68+ [2 beats.min ' to 11226
beats . min !, Systolic blood pressure increased from
147 + 18 mmHg to [74 £ 25mmHg. Peak heart rate
blood pressure product was 19522 £ 5161, Electrocar-
diographic evidence of ischaemia was induced in 47
(21%} patients. Angina during stress was induced in 85
(38%) patients, either ECG changes or angina were
induced in 106 (48%) patients. Scintigraphic and
echocardiographic markers of coronary artery disease
were found in 138 {62%) and 120 (34%} patients, respec-
tively. In five patients this diagnosis was made on the
basis of a resting wall abnormality or fixed perfusion
defect only (reversible perfusion defects and new or

worsening wall motion abnormalities were found in 133
and 1135 patients, respectively.

DETECTION OF ‘SIGNIFICANT’ CORONARY ARTERY DISEASE

The overall results of the stress test variables for the
detection of coronary artery discase are summarized in
Fig. 3. Dobutamine electrocardiography included both
ECG changes andfor angina. Of the patients 143 had
significant coronary arlery stenosis, 81 had single vessel
disease and 62 had multivessel disease. Seventy-eight
patients were identified by electrocardiography (sensitiv-
ity 55%), compared with 108 by perfusion scintigraphy
(sensitivity 76%} and 103 by echocardiography (sensitiv-
ity 72%). Both perfusion scintigraphy and echocardi-
ography were more sensitive than electrocardiography
(76% vs 55%, P<(-0001 and 72% vs 55%, P<0-002,
respectively). In &0 patients with mild or no coronary
artery disease, the specificity of electrocardiography,
perfusion scintigraphy and echocardiography was, re-
spectively, 65%, 63% and 79%. Echocardiography was
more specific than perfusion scintigraphy (79% vs 63%,
P<005). The overall accuracy of electrocardiography
perfusion scinligraphy and echocardiography was, re-
spectively, 58%, 71% and 74%. Both perfusion scintig-
raphy and echocardiography were more accurate than
electrocardiography (71% vs 58%, P<0-01 and 74% vs
58%, P<0-0001, respectively).

BAYESIAN ANALYSIS

According to the pre-lest probabilities 15 patients
were in the tow-risk group, 53 patients were in the
high-risk group and the remaining 155 patients were in
the intermediate-risk group. After the dobutamine stress
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(a} Pre-test ECG/AP Post-test
High probabiiity 53 High probability
(> B0O%) (> BO%)
(n =53} o\ (n = 55)
Medium probability | 2 Medium probability
{10-80%) {10-80%)
{n = 1806) 7 (n = 1600
Low probability 4 f A Low probability
(< 10%) (< 10%)
{n = 18) 1 (n = 18)
(h} Pre-test SPECT Post-test
High probability 47 High probability
(> 80%) (> 80%)
(n =53 3\’ in=72)
AMedium probability 25 Medium probability
(10-80%) {10-80%)
(n = 1565} 14 (n = 126)
Low probability 4/ Low probability
{< 10%) (< 106}
(n=15) 11 (n = 25)
(c) Pre-test ECHO Post-test
High probability 47 High probability
(> 80%) (> 80%)
(n = 68) G\ (n = 86)
Medium probability | 39 Medium probability
{10-80%) (10-86%)
{n = 166) 23 (n=102)
Low probability 3 f A Low probability
(< 10%} (< 10%}
(n = 16} 12 (n = 35)

Figure 4 A Bayesian approach to the comparison of debutamine
electrocardiography andfor pain (ECG/AP, top; Fig. 4(a), per-
fusion scintigraphy (SPECT, middle; Fig. 4(b) and echocardiogra-
phy (ECHO, bottom; Fig. 4{c}) for the diagnosis of CAD. Patients
are classified before and after the test into low-, intermediate- and
high-probability of CAD, and the ability of each test to reclassify
them accurately is compared, See text for explanation.

test some patients stayed in the same risk group {but
with a different, new post-test probability of disease) and
others moved to a higher (after a positive test} or a lower
(after a negative test) risk group. Figure 4 (a, b and ¢)
clearly iltustrates the reclassification in the three risk
groups of all individual patients for ECG and/or angina,
perfusion scintigraphy and echocardiography, respec-
tively. As reported in Fig. 5, only perfusion scintigraphy

and echocardiopraphy reduced the number of pattents in
the intermediate-risk group (155 vs 126, P<0-005 and
155 vs 102, P<Q-0001), The reduction of patients in this
intermediate-risk group was better for echocardiography
than for perfusion scintigraphy (102 vs 126, P<0-05).
Impertantly, the accuracy of predicting coronary discase
in the high-probability group, and the absence of disease
in the low-probability group tended to be better for
echocardiography (105/121, 87%) and scintigraphy (88/
97, 91%) compared to clinical {pre-test) probabilities
(56/68, 82%).

To see to what extent the post-test probabilities after
the different stress test variables improved the detection
of coronary artery disease, a ROC cuive (Fig. 6) was
calculated, representing the clinical history only and the
additional effects of the different stress results. Again, it
can be appreciated that dobutamine stress echocardiog-
raphy provides more additive information than the ECG
and/or angina and perfusion abnormalities, Figure 7
represents the true prevalence of coronary artery disease
in the different post-probabilities groups after the
dobutamine stress echocardiography test, and showed
particularly in the high-risk group, the excellent corre-
lation between the posi-test probabilities and the actual
distribution of significant coronary artery disease.

Conclusions

Reviewing the data from the literature on pharmaco-
logical stress testing for the diagnosis of coronary artery
disease, a limited number of studies has addressed direct
comparisons of different stress or imaging modalities.
Out of the several stress agents in which adequate
comparative studies were performed, dobutamine stress
test in conjunction with echocardiography appeared to
be more accurate for the diagnosis of coronary artery
disease than dipyridamole or adenocsine echocardiogra-
phy, particularly in patients with single vessel disease.
When -dobutamine stress echocardiography was com-
pared to dobutamine or vasodilator perfusion scinti-
graphy, dobutamine echocardiography was equally
sensitive, but slightly more specific than perfusion
scintigraphy. This is not surprising, since stress-induced
wall motion abnormalities represent a irue ischaemic
marker, while transient perfusion abnormalities repre-
sent true ischaemia and/or malperfusion, Because of
its diagnostic accuracy, availability and low cost,
dobutamine stress eciiocardiography may have a role as
the first line pharmacological stress test in patients with
suspected coronary artery disease who are unable to
perform an adequate exercise test,

In most published studies, the outcome of the test is
reported in the ‘classical’ way in terms of sensitivity,
specificily and predictive accuracy, Although this ap-
proach provides important information on the diagnos-
tic quality of the test, we should remember that the
sensitivity and specificity of any diagnostic test rely,
among other factors, on the characteristics of the study
population. In addition, it seems more informative and
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Figure 6 Specificity vs sensitivity of clinical data alone (clinical
(----)) and additional dobutamine electrocardiography and/or
pain {(+BCGIAP (-~ -3), perfusion scintigraphy (+SPECT {——))
and echocardiography (+ ECHO (—-)) for the diagnosis of CAD.

didactic to express the results of the test in probabilistic
(Bayesian} terms, rather than in binary terms (having
disease or not). With this approach, both clinical and
stress test varfables are incorporated, and the outcome
of the test is reported as a post-test probability of having
coronary artery disease. However, it should be empha-
sized that, to apply Bayesian analysis, dependency of
clinical variables and stress test results may affect the
application of Bayes' theorem.

In the present paper, an example of a probabilistic
{Bayesian) approach is given, based on dobutamine
stress testing in 223 patients with suspecied coronary
artery disease. In this study the value of age, gender,
chest pain characteristics and different diagnostic
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Figure 7 Plot of actual prevalence of CAD in each double
decile vs the predicted probability of CAD  afier
clinical +echocardiographic data (#®). The continuous line
represents the identity line,

markers from dobutamine stress testing (angina, ST-
segment changes, wall motion abnormalitics and per-
fusion defects) were compared. The main findings of the
study were: (1) dobutamine stress echocardiography,
when added to clinical information, re-classified a larger
nuriber of patients with an intermediate-risk inlo low-
or high-risk groups compared to ST-segment changes
andfor angina and Technetium-99m sestamibi SPECT
myocardial perfusion defects, and (2) post-test prob-
abilities derived from clinical plus dobutamine stress
cchocardiographic data are well correlated {o the actual
prevalence of coronary artery disease.

The rapid evolution of new stress agent combinations
{(atropine added to dobutamine®®, atropine added to
dipyridamole®®! and dobwtamine added to dipyrida-
mole) and imaging modalities {gated SPECT per-
fusion®®y requires a careful assessment of their
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additional value compared to the clinical data alone or
the “old’ methods, in order to provide a guideline for the
practicing clinician. For this purpose, new (large scale
mlticentre) prospective studies should be initiated. It
will be challenging to perform these studies in the
framework of Bayesian or multivariate analysist?’l,
These studies shoutd not only include the limited clinical
variables used in this study, but also the risk factors for
coronary artery discase. Moreover, the stress test results
should be analysed in more detail®® and the interpret-
ation of these results and the gold standard used as a
refercnce should be standardized.

The authors gratefully acknowledge P. P. Kint for his friendly
and excellent assistance in preparing the figures.
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CHAPTER 5

Comparison of Dobufamine Stress
Echocardiography and 99m-Technetiom

Sestamibi SPECT My

ocardial Perfusion

Scinfigraphy for Predicting Exient of
Coronary Arfery Disease in Patients With
Healed Myocardial Infarction

Abdou Elhendy, MD, PhD, Marcel L. Geleijnse, mD, Jos R.T.C. Roelandt, MD, PhD,
Ron T. van Domburg, Msc, Folkert ). Ten Cate, MD, PhD, Peter R. Nierop, MD,
Jeroen J. Bax, MD, PhD, Medhat El-Refaee, MD, M. Mohsen Ibrahim, Mp,
Galal M. El-Said, Mo, and Paolo M. Fioretti, MD, PhD

This study compares the value of dobutamine siress
echocardiography and 99m-technetivm methoxyisobu-
tyl-isonitrile {MIBY} single-photon emission computed to-
mography (SPECT) in the assessment of extent and lo-
cation of coronary namrowing in patients with healed
myocardial infarction, Dobutamine {up to 40 ug/kg/
min)-atropine (up to 1 mg} stress echocardiography
{DSE) in conjunction with MIBI SPECT was performed in
72 patients |52 men, mean age 57 + 11 years} with
heﬂm myocardial infarction referred for evaluation of
myocardial ischemin. lschemia was defined as new or
worsened wall motion abnormalifies at DSE and revers-
ible perfusion defects at MIB1 SPECT, Significant stenosis
{=50% luminal dicmeter sfenosis) of the infarct-related
artery was detecled in 45 patients and of other coronary
arferies in 22 patients, Sensitivity and specificity of re-
mote ischemia for diagnosis of remote coronary stenosis

were 68% [95% confidence interval {Cl} 57 to 80} and
93% (CI 86 to 99) for DSE, and 64% [Cl 52 to 74), and
90% (C1 83 o 98] for MIBI SPECT, respectively. The pos-
itive predictive value and specificity of peri-infarction
ischemia for the diagnosis of infarct-related artery ste-
nosis were 89% [Ct 81 to 97} and 82% {CI 73 to 92} for
DSE, and 87% (Cl 79 to 95) and 82% (C1 73 to 92; for
SPECT, respectively. The agreement between both tech-
niques was higher for the diagnosis of remote than peri-
infarction ischemia (84% vs 66%, p = 0.02}. [t is con-
cluded that in paflents with myocardial infarction
undergoing dobulamine stress festing, both echocardi-
ography and MIB1 SPECT are clinically useful methods
for the diagnosis of remote and infarct-related coronary
artery stenosis. © 1997 by Excerpla Medica, Inc.
{Am J} Cardiol 1997;79:7-12)

obutamine stress testing is increasingly used for

the diagnosis and functional evaluation of cor-
onary artery disease (CADY), particularly in patients
with fimited exercise capacity.''* Results of recent
studies demonstrate the value of echocardiographic
and myocardial perfusion sciatigraphic imaging in
conjunction with dobutamine stress testing in the di-
agnosis and localization of CAD in patients without
previous myocardial infarction with a fairly similar
accuracy.'®* However, the relative value of both
techniques in conjunction with dobutamine stress
testing for assessing the extent of CAD in patients
with myocardial infarction has not been evaluated.
Detection of myocardial ischemia in this population
is important for identifying patients at high risk of
future cardiac events and for selecting patients in

From the Thoraxcenter and the Depariment of Nucleor Medicine, Uni
versity Hospital Rotterdam-Dijkzigt and Erasmus Unlversity, Rotierdam,
The Netheronds, This study wos supported in part by the Department
of Cardicfogy, Culro University Hospital, Cairo, Egypt ond he Dutch
Heart Foundation, Den Hoog, The Nethedonds [Grant NHS
94.135). Manuscript received April 9, 1996; revised monuscript
received and cccepted fuly 22, 1996,

Address for teprints; Abdou Elhendy, MD, PhD, Thoraxcenter, 8a
300, Dr Molewaoterplein 40, 3015 GD Rellerdam, The Netherands.

whom coronary angiography and revascularization
may be indicated.'>1s This study compares the ac-
curacy of dobutamine siress echocardiography
(DSE) and 99m-technetium methoxyisobutyl-isoni-
trile (MIBI) single-photon emission computed to-
mography (SPECT) for the diagnosis and localiza-
tion of coronary artery sienosis in patients with
healed myocardial infarction,

METHODS

Patient selection: The study group comprised 72
patients (32 men, mean age 57 £ 11 years) who were
unable (o perform an adequate exercise test, referred
for evaluation of myoccardial ischemia, and fulfilled
the following criteria: {1) healed myocardial infare-
tion diagnosed on the basis of the standard criteria
of prolonged chest pain, cardiac enzymes and serial
electrocardiographic changes; and (2) absence of se-
vere heart failure, unstable angina, severe valvular
heart disease, left bundie branch block, or left ven-
tricular hypertrophy. Fifty-five patients were referred
for evaluation of chest pain classified as typical an-
gina in 16; 17 patients were referred for routine func-
tional assessment. Forty-two patients (58%) were re-
celving nitrates and/or calcium antagonists and 40
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TABLE § Accuracy of lschemic-Paltern at Dobulamine Siress
Echocardiography and 99m-Jechnetium Methoxyisobuty!-
Isonitrile {MIBI) SinglePhoten Emission Computed Tomography
{SPECT] for the Diagnesis of Significant Coronary Artery
Stenosis In Polients With Previous Myocardial Infarction
Echocardiogrophy  MIBI SPECT
{95% €| 195% C1)
Overdll diagnosis
Sansitivity 65 (54-76) 81 (50-73)
Spacilicity 87 79-95) 73 [63-84)
Positive predictive value 95 (90-100) 90 [83-97)
Negotive predictive value 39 {28-51) 33 [22-44)
Accuracy 6% [59-80) 44 [53-75)
Remota coronary stanosis
Sensitivity 68 (57-80) 64 {52-76)
Specificity 93 [86-99] 90 {83-98)
Positiva predictive value 83 [74-93) 78 {67--88)
Negative prediclive vatue 84 [75-93] 82 {73-92)
Accuracy 84 (75-93) 81 {71-21)
Multivesse! ischemic pattera
Sensitivity 40 (29-51) 36 {25-47)
Specificity 94 (91-100) 94 {91-100}
Positive predictive valve 83 [75-92) 82 {73-91%)
Negative predictive value 75 [65-85) 74 {64-84)
Accuracy 76 [67-86) 75 {65-85)
Infarcirelated artery stenosis
Sensitivity 56 (43-68) 44 (32-57)
Specificity 82 {73-92) 82 [73-92)
Positive predictive valua 89 (81-97) 87 [79-95)
Negative prediclive value 41 {20-53) 36 [24-48)
Accuracy 43 (51-75) 55 {42-67)
Values are p ted as p tage and 5% confidence interval {C1}.

(56%) were receiving £ blockers. Myocardial in-
farction was recent (=1 month) in 23 patients (32%).
In the remaining patients, the mean time from in-
farction was 3.7 = 5.3 years, Q waves on the elec-

trocardiogram were present in 33 patients (76%)..

The infarction was anterior (or anterolateral) in 28
patients {39%), inferior (or inferolateral) in 30 pa-
tients (42%), and in both locations in 4 patients (6%).
In patients without Q waves, the infarct localization
was based on the clinical diagnosis obtained from
the patients’ records in the acute phase together with
the localization of resting wall motion and perfusion
abnormalities, The location of infarction was not de-
fined in 10 patients without Q waves who had normal
resting perfusion and wall motion (n = 5) or discor-
dant location of resting wall motion and perfusion
abnormalities (n = 5). These 10 patients were not
included in the diagnosis of infarci-related artery ste-
nosis. Those with discordant location of abnormali-
ties were not included in the diagnosis of remote
coronary stenosis,

Dobutamine stress test: Dobutamine was infused
through the antecubital vein starting at a dose of 10
pgfkg/min, increasing by 10 pg/kg/min (3-minute
stages) to a maximum of 40 ug/kg/min. Atropine (up
to | mg) was given to patients not achieving 85% of
the predicted maximal heari rate.'” The electrocar-
diogram was monitored continuously and recorded
each minute, Blood pressure was measured every 3
minutes. The test was interrupted if severe chest
pain, ST-segment depression >2 mm, significant
tachyarrhythimias, or symptomatic systolic blood

pressure decrease of >40 mm Hg occurred during
the test.

Stress echocardiography: Echocardiographic im-
ages were acquired at rest and during the test and
recovery. The left ventricular wall was divided into
16 segments and scored using a 4-point scate, where
{ = normal, 2 = hypokinesia, 3 = akinesia, and 4
= dyskinesia, Wall motion score index was defined
as the summation of the individual score of the 16
segments divided by 16. Ischemia was defined as
new or worsened wall motion abnormalities. As we
have previously concluded, ischemia was not con-
sidered if akinetic segments at rest became dyski-
netic during stress without improvement with low-
dose dobutamine.'®'"® Ischemic score was derived by
subtracting rest from peak wall motion score in seg-
ments with new or worsening wall motion abnor-
malities. The echocardiograms were recorded on
videotapes and digitized on optical disk (Vingmed
Sound Als, Hosten, Norway). inages were compared
side by side in quad-screen format by 2 independent
observers without the knowledge of patients' clini-
cal, scintigraphic, or angiographic data. In case of
disagreement, a majority decision was achieved by
a third investigator. We have previousty reported an
inter- and intraobserver agreement for DSE assess-
ment of 91% and 92%, respectively.™

SPECT imaging: Approximately 1 minute before
termination of the siress test, an intravenous dose of
370 MBq of MIBI was administered.>*" Stress im-
ages were acquired 1 hour after termination of the
test. For resting studies, 370 Mbq of MIBI were in-
jected at least 24 hours after the stress study. For
each study 6 oblique (short-axis}) slices from the apex
to the base and 3 sagittal (vertical long-axis} slices
from the septum to the lateral wall were defined.
Each of the 6 short-axis slices -was divided into 8
equal segments. In all, 47 segments per patient were
analyzed (afier exclusion of the septal part of the 2
basal slices). Interpretation of the scan was semi-
quantitatively performed by visual analysis assisted
by the circumferential profiles analysis. Stress and
rest tomographic views were reviewed side by side
by an experienced observer who was unaware of the
patients” clinical, echocardiographic, or angio-
graphic data. A reversible perfusion defect was de-
fined as a perfusion defect on stress images that par-
tially or completely resolved at rest in =2 conliguous
segments or slices, This was consideréd diagnostic
of ischemia. A fixed perfusion defect was defined as
a perfusion defect on stress images in =2 contiguous
segments or slices, which persists on rest images.
Echocardiographic and scintigraphic images were
matched into 6 segments: anterior, inferior, septal
{subdivided into anterior or posterior), posterolat-
eral, aind apical. Perfusion defect score was quanti-
tatively calculated by measuring the area between
the lower limit of normal values (* 2 SD) and the
actual circumferential profile in 6 short-axis slices.
Ischemic score was derived by subtracting rest from
stress score in segments with reversible perfusion
defects.
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Coronary angiography: Coronary angiography was
performed within 3 months. Lesions were quantified
as previously described.” in short, the 35-mm films
were analyzed using the Cardiovascular Angiogra-
phy Analysis System II (CAAS 1I, Pie Medical,
Maastricht, The Netherlands). For edge detection, a
region of intercst of 512 X 512 pixels was selected
and digitized using a high-fidelity charge-coupled
device video camera. The vessel diameter was de-
termined by computing the shortest distance between
the right and left contours. A computer-derived es-
timation of the original arerial dimension was used
to calculate the interpolated reference diameter. Sig-
nificant CAD was defined as a diameter stenosis
=50% in =1 major epicardial artery. Coronary ar-
teries were assigned to myocardial segments as pre-
viousty described." Peri-infarction zone was defined
as myocardial segments in the distribution of infarct-
related artery.

Statistical analysis: Unless specified, data are pre-
sented as mean * SD. The chi-square test was used
fo compare differences between proportions. The
Student’s ¢ test was used for analysis of continuous
data, A p value <0.05 was considered statistically
significant. Agreement between DSE and MIBI
SPECT on the diagnosis of myocardial ischemia was
expressed by the kappa value. Values between 0,75
and 1 were considered indicative of strong, between
0.40 and 0.75 of fair to good, and between 0 and
0.40 of poor agreement.”

RESULTS

Dobutamine shress tesk Heart rale increased from
67 + 13 beats/min at rest to 131 * 19 beats/min at
peak stress (p <0.0001), and rate-pressure product
increased from 8,755 + 2,749 to 18,408 * 4,349 mm
Hg-beats/min (p <0.00001). Angina occurred in 28
patients {39%?}, ST-segment depression in 20 (28%],
and ST-segment elevation in 22 (31%). Forty-seven
patients (65%) reached the target heart rate (=85%
of the maximal exercise heart rate predicted for age
and sex). The test was interrupted before reaching
the target heart rate because of angina (n = 9), ST-
segment depression {n = 5), and arrhythmias (n =
3): 8 patients failed to reach the target heart rate de-
spite receiving the maxiinal dobutamine and atropine
dose.

Coronary angiography: Significant CAD was de-
tected in 57 patients (79%). Thirty-two patients
(449%) had 1-vessel CAD, 16 (22%) had 2-vessel
CAD, and 9 (13%} had 3-vessel CAD, Normal cor-
onary arferies or <<50% lesions were present in 15
patients. Significant infarct-related CAD was de-
tected in 45 of the 62 patients (73%) with defined
infarct location. Remote CAD was assessed in 63
patients defined after exclusion of patients with com-
bined anterior and inferior infarcts (n = 4), and pa-
tients withowt Q waves in whom the locations of
fixed abnormalities were discordant (n = 5). Remote
CAD was detected in 22 of these 63 patients (35%).

Stress echocardiography: Wall motion abnormali-
ties were detected in 38 patients (81%) at the base-

line echocardiogram. [schemia was detected in 37 of
57 patients (65%) with and in 2 of the 15 patients
{13%} without significant CAD (Table I). One of the
2 false-positive results occurred in the peri-infarction
region. Sensitivity was 53% in patients with L-vessel
CAD (17 of 32}, 75% in 2-vessel CAD (12 of 16),
and 89% in 3-vessel CAD (8 of 9), Sensitivity was
significantly higher in patients with multivessel than
with I-vessel CAD (80% [20 of 25] vs 53% [17 of
321, p <0.05). An ischemic pattern in 2 different
vascular territories, suggestive of multivessel in-
volvement, occurred in 10 of 25 patients with mul-
tivessel CAD and in 2 of 47 patients with [-vessel
CAD or without significant CAD (Table I). In the 62
patients with well-defined infarct location, ischemia
was detected in 25 of 45 patients with and in 3 of {7
patients without significant stenosis of the infarct-
related artery. In the 63 patients considered for re-
mote CAD, ischemia was detected in 15 of 22 pa-
tients with and in 3 of 41 patients without remote
CAD, Of these 22 patients with remote CAD, ST-
segment depression occurred in 9 (sensitivity =
41%, p = 0.07 vs DSE).

MIB1 SPECT: Perfusion defects on resting images
were detected in 61 patients (85%). Ischemia (par-
tially or completely reversible perfusion defects)
was detected in 35 of the 57 patients with (61%)
and in 4 of 15 patients (27%) without significant
CAD {Table I}. Three of the 4 false-positive results
occurred in peri-infarction regions without signif-
icant infarct-related CAD. Sensitivity was 53% in
patients with [-vessel CAD (17 of 32), 69% in 2-
vessel CAD (11 of 16), and 78% in 3-vessel CAD
{7 of 9). There was a trend to a higher sensitivity
in patients with multivessel than with 1-vessel
CAD (72% [18 of 25} vs 53% [17 of 32], p = 0.1}
An ischemic pattern in 2 different vascular terri-
tories, suggestive of multivessel CAD, occurred in
9 of 25 patients with multivessel CAD and in 2 of
47 patients with I-vessel or no CAD. In the 62
patients with defined ionfarct location, ischemia
was detected in 20 of 45 patients with and in 3 of
17 patients without CAD of the infarct-related ar-
tery. Ischemia was detected in 14 of 22 patients
with and in 4 of 41 patients without remote CAD.

Comparison of dobutomine stress echocardiography
and MIB| SPECT: There was no significant difference
between DSE and SPECT with regard to sensitiv-
ity, specificity, and accuracy for the overall and
regional diagnosis of significant CAD (Table I).
Ischemic score was higher in patients with multi-
vessel than 1-vessel CAD (p <(.01 for DSE, Fig-
ure 1A; p <0.01 for SPECT, Figure 1B), The
agreemen! between both methods was higher for
remote than peri-infarction ischemia (p = 0.02)
(Figure 2). In the peri-infarction area, reversible
perfusion defects were confined to segments with
akinesia at rest in 4 of the 8 patients with peri-
infarction ischemia only at SPECT, whereas 6 of
the I3 patients with peri-infarction ischemia by
only DSE had ischemia confined to hypokinetic
segments becoming akinetic during stress and
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[schemic wall
motion score

3t

i-VD 2-VD

Ischemic myocardial
perfusion score

with multivessel than I-vessel dis-
ease, inferring the atility of both
methods in assessing the extent ol
CAD. Peri-infarction ischemia as-
sessed by either technique had a
high positive predictive value and
specificity for significant stenosis of
the -infarct-related artery. The sen-
sitivity of ischemia for the presence
of significant coronary artery ste-
nosis was relatively higher in pa-
tients with multivessel than 1-vessel
disease, which ensures the detection
of a high proportion of patients with
multivessel disease in whon prog-
nosis is less favorable.” Several
factors may coniribute to the ab-
sence of myocardial ischemia in
some patients with remote CAD in-
cluding the difference in ischemic
threshold, vascular overtap, discrep-
ancy between coronary anatomy
and function, submaximal stress,
medications, and the methodologic
problems in image acquisition
and interpretation.***  Finally,
reduction of the dimensions of a di-
fated ventricle at high-dose dobuta-
mine may reduce wall stress and
counteract the provoking mecha-
nisms of myocardial ischemia. The
overall agreement between both
techniques was poor, mainly due to

1-vD 2-VvD

3-vD

discordant diagnosis of peri-infarc-
tion ischemia. This may be related

FIGURE 1. A, ischemic wall motion score as assessed by dobutamine stress echocardi-
ography. B, ischemic myocardial perfusion score as assessed by dobutamine stress
99m-technetivm methoxyisobulyl-isonitrile single-photen emission computed tomog-
raphy In patients with healed myocardial infarction according fo the number of dis-

gased vessels, VD = vessel disease,

demonstrating a fixed defect at SPECT. When
MIBI was added to DSE for the diagnosis of re-
mote CAD, there were 3 additional true-positive
and 2 false-negative tests giving a sensitivity of
82%, specificity of 88%, and accuracy of 86%.

Specificity of fixed abnormalities for infarct-related ar-
tery stenosis; Among the 17 patients without signifi-
cant infarct-related CAD, 7 had wall motion abnor-
malities at rest and 9 had fixed perfusion defects in
the infarct region at resting MIBI studies. Thus,
specificity of resting wall motion and perfusion ab-
normalities for infarct-related CAD was 59% and
47%, respectively.

DISCUSSICON

Ouwr study shows that in patients with healed nryo-
cardial infarction, DSE and MIBI SPECT have a
comparable moderate sensitivity and high specificity
for the diagnosis of remote coronary artery stenosis.
Myocardial ischemia was more severe in patients

to the difference in the pathophysi-
clogic basis of the detection of myo-
cardial ischemia by both techniques,
which represent different sequelac
of CAD and have different orders in
the ischemic cascade.” Particular
disagreement in the peri-infarction region may be
related to limitations of both techniques in detecting
ischemia in dyssynergic segments, DSE detects
worsening of wall motion abnormalities, whereas
perfusion defects in these segments at stress MIBI
images may not demonstrate reversibility on resting
images because of the known limitations of MIBI in
assessing myocardial viability.” This is shown by
the presence of 6 patients with peri-infarction isch-
emia confined to hypokinetic segments becoming
akinetic at DSE with corresponding fixed defects at
MIBI SPECT. Conversely, in akinetic segments,
ischemia could not be detected by DSE and was de-
tected in the corresponding segments by MIBL
SPECT in 4 patients. The specificily of resting per-
fusion and wall motion abnormalities for infarct-re-
lated CAD was low because residual myocardial
dysfunction may occur after thrombolysis or revas-
culartzation. Previous studies showed that the use of
resting wall motion abnormalities in patients with
myocardial infarction as criteria of significant CAD
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A MBI SPECT B MBI SPECT C MIBI SPECT
+ . + - + -
+ 24 15 + 15 13 + 13 5
EGHO ECHO ECHO
- 156 18 - 8 - 26 - 5 40
Agreamant = 53% Agreemant = 65% Agreement = 44%
Kappa = 0.8 Kappa = 0.31 Kappa = 0.61

FIGURE 2. Agreement between dobutomine stress echocardiography (ECHO} and $9m-iechnefium methoxyisobul

-isenitrile single-

photon emission computed tomegraphy [MIBI SPECT] on the overall diagnosis of myocardial ischemia (A}, peri-in?:rcﬁon ischemia (8},
and remele ischemia (C} in patients with heoled myocardial infarction.

resulted in a high prevalence of false-positive stud-
ies.”™! These findings discourage the use of fixed
abnormalities as criteria of significant infarct-related
CAD.

Comparison with previous studies: This is the first
study comparing the use of stress echocardiography
and myocardial perfusion scintigraphy for assessing
the extent of CAD in patients with healed myocardial
infarction. The sensilivity of DSE (80%) and MiBI
SPECT (72%) in patients with multivessel CAD in
our study are comparable to those reported by Mar-
wick et al'"* in patients without previous infraction
(77% and 78%, respectively). Sensilivity of DSE for
detecting remote CAD (68%) is comparable to our
previous finding® in symptomatic patients with old
myocardial infarction (73%). However, sensitivity
was less when detecting infarct-related CAD (56%
vs 76%). This may have been due to the different
paiient population in the previous study, consisting
of symptomatic patients with a lower prevalence of
B-blocker adminisiration, Berthe et al’ reported a
sensitivity of 85% and a specificity of 88% for the
diagnosis of nuitivessel CAD wsing DSE in 30 pa-
tients after a recent myocardial infarction, Takeuchi
et al® reported a sensitivity and specificity of 93%
and 919 using DSE for detecting infarct-related
CAD after a recent infarction. In a previous study
from our laboratory,” the sensitivity of dobutamine
thallium SPECT for detecting remote (74%) and in-
farct-related CAD (71%) was relatively higher than
dobutamine MIBI in this study (64% and 44%, re-
spectively). This may be explained by the higher
prevalence of multivessel CAD and symptoms in the
previous study and the potential limitations of MIBI
corapared with thaHium in detecting viable ischemic
myacardium in the infarct zone.

Dobutamine versus vasodilator stress tesling in con-
junction with perfusion imaging: Kumar et al™ reported
that dipyridameole had a sensitivity superior to do-
butamine for thallium stress imaging in the diagnosis
of CAD. However, the study included onty 30 pa-
tients and the maximal dobutamine dose was 20 pg/
kg/min. In contrast, Marwick et al' reported a com-

parable sensitivity of adenosine and dobutamine
MIBI SPECT in the diagnosis of CAD. Takeuchi et
al** reported that DSE and thallium-201 SPECT (in
conjunction with exercise or dipyridamole) had a
comparable accuracy for diagnosing CAD. If myo-
cardial perfusion scinligraphy is a useful method in
conjunction with exercise, it is expected that dobuta-
mine, which acts like exercise by increasing myo-
cardial oxygen demand, can be useful when com-
bined with perfusion scintigraphy.

Study limitations: A limitation of this study is the
relatively small sample size. The prevalence of mul-
tivessed disease was not high (44%). Additionally,
the prevalence of coronary stenosis was higher in the
infarct-related artery compared with remote arteries
(73% vs 35%). However, these patients represent the
usual population encountered in clinical practice in
which noninvasive evaluation of CAD is required.
Fifty-six percent of patients were receiving 3 block-
ers, which may have contributed to a lower sensitiv-
ity of both methods.

Clinical implications and conclusions: DSE and MIBI
SPECT are clinically useful methods for diagnosing
remote CAD in patients with healed myocardiat in-
farction with a moderate sensitivity and a high speci-
ficity. The agreement between both techniques is
higher in remote than in peri-infarction regions. Peri-
infarction ischemia with either technique has a high
posilive predictive value and a high specificity for
infarct-related CAD, The presence of fixed wall
motion and perfusion abnormalities are not reliable
criteria for the diagnosis of significant infarct-
related CAD.
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Abstract, Stress echocardiography has been considered
an accurate method for the diagnosis of coronary artery
disease in hyperiensive patients and in patients with left
ventricular hypertrophy. In conirast, the specificity of
myocardial perfusion scintigraphy in these patients has
been questioned. The aim of this study was to compare
the accuracy of these two imaging modalities in con-
junction with dobutamine stress test for the diagnosis of
coronary actery disease in hypertensive patients with and
without teft ventricular hypertrophy. Debutamine {up to
40 pg kg-lmin-i} stress echocardiography in conjunction
with sestamibi (MIBI) single-photon emission tomogra-
phy (SPET) was performed in 84 patients with the diag-
nosis of systemic hypertension who had been referred
for evaluation of myocardial ischaemia. Ischaemia was
defined as new or worsened wall motion abnormalities at
echocardiography and reversible perfusion defects at
SPET. Significant coronary artery disease (250% lumi-
nal diameter stenosis) was detected in 66 patients (79%),
The sensitivity, specificity and accuracy of the ischaemic
pattern at echocardiography for the diagnosis of coro-
nary artery disease were 73% (Cl 639%-82%), 83% (CI
75%-91%) and 75% (CI 66%84%), those for MIBI
were 67% (C157%-T7%), 83% (CI 75%-91%) and 70%
(CI 60%—80%) respectively (P = NS vs echocardiogra-
phy). Significant stenosis was detected in 123 (49%) of
the 252 analysed coronary arteries. The sensitivity, spec-
ificity and accuracy of echocardiography for the regional
diagnosis of coronary artery disease were 63% (CI
56%-69%), 90% {(CI 86%-94%) and 77% (CI
72%—-82%). Those for MIBI were 58% (CI 51%-64%),
This work was presented in patt al the 46th Annoal Scientific Ses-
sions of The American Collage of Cardiology, Anaheim, Califor-
nia (997
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91% (Cl 87%—-94%)} and 75% {CI 69%~80) respectively
(P = NS vs echocardiography). Left ventricular hyper-
trophy was detected in 59 patients (70%) by echocardi-
ography and did not influence the overall or regional
specificity of echocardiography or MIBI SPET. It is con-
cluded that in hypertensive patients, dobutamine stress
echocardiography and MIBI SPET have a comparable
accuracy for the overall and regional diagnosis of coro-
nary artery disease. Hypertensive patients with or with-
out left ventricular hypertrophy should not be considered
unsuitable candidates for stress myocardial perfusion
scintigraphy.

Key words: Hypertension — Sestamibi single-photon
emission tomography — Echocardiography — Coronary
aitery disease

Eur J Nucl Med (1998) 25:69-78

Introduction

Hypertension is a major risk factor for the development
of coronary artery disease {(CAD} and is a frequent find-
ing in patients undergoing stress myocardial perfusion
scintigraphy [1, 2], Abnormal exercise thailium results
have been previously reported in patients with systemic
hypertension in the absence of CAD [3-5]. However,
few data are available regarding the impact of these find-
ings on the clinical utility of stress myocardial perfusion
scintigraphy for the diagnosis of CAD in hypertensive
patients. Echocardiographic evaluation of [eft ventricular
wall motion during exercise or pharmacological stress
testing is a valuable method for the diagnosis of CAD
[6, 7]. Transient wall motion abnormalities provide a
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specific marker of myocardiat ischaemia due to signifi-
canl corohary artery stenosis. Recent studies have indi-
cated a high accuracy of dobutamine stress echocardiog-
raphy for the detection of CAD in hypertensive patients
[8, 91. It has also been recommended that echocardiogra-
phy should be preferred to myocardial perfusion scintig-
raphy in patients with left ventricular hyperteophy, based
on the low specificity of the latter for the diagnosis of
CAD in that particular patient population [10], However,
no study has addressed whether the assessment of wall
motion abnormalities offers a significant advantage over
perfusion abnormalities for the detection of CAD in hy-
pertensive patieats. The aim of this study was 1o com-
pare the accuracy of dobutamine stress echocardiogra-
phy and simultaneous technetium-99m methoxyisobutyl-
isonitrile (sestamibi; MIB1) single-photon emission
tomographic (SPET) imaging for the diagnosis and lo-
calization of CAD in hypertensive patients with and
without left veniricular hypertrophy who had been re-
ferred for evaluation of myoecardial ischaecmia,

Materials and methods

Patient selection. The study population was derived from a con-
secutive serfes of patients with limited exercise capacity who had
been referred for evaluation of myocardial ischaemia and who ful-
filled the following criteria:
1. Established hyperiension defined as repeated blood pressure
measucements >140/90 mmHg on different occasions. The diag-
nosis was confirmed by medical reports from the referring physi-
cians.
2. Absence of severe heart failure, unstable angina, myocacdial in-
farction <3 months, severe valvular heart disease or left bundle
branch block.
3. Coronary angiegraphy performed within 3 menths of dobuta-
mine stress test.
4, Adequate echocardiographic and scintigraphic imaging quality.
Eighty-four patients fulfitled these criteria (only one patient in
this series was excluded because of a poor echocardiographic win-
dow). Mean age was 60£10 years. There were 53 men and 31
women. The resling electrocardiogram was diagnoslic of lefl ven-
tricular hyperirophy in eight patients (10%) and Q wave myocar-
dial infaretion in 32 patients (38%). Forty patients had typical an-
ginal complaints, 26 patients had atypical chest pain, six patients
Had dyspnoea andfor fatigue and 12 patients were asymptomatic.
Bela-blockers were taken by 38 patients (45%) alone or in combi-
nation. Other medications includad nitrates in 44 patients {52%),
calcium chaanel blockers in 52 patients (62%), divretics in 37 pa-
tients (44%) and angiotensin-converting enzyme inhibitors in 49
patients {58%).

Doluwtamine stress test, Dobutamine was infused through an ante-
cubital vein starting at a dose of 5 ug kg! min-! followed by
[0 pg kg min! (3-min stages), increasing by 10 pg kg T min
every 3 min to a maximum of 40 g kg-! min-L. Atropine {up to
[ mg) was given in patients not achieving 85% of age-predicied
maximal heart rate and dobulamine infusion was continued, The
electrocardiogram was continuously monitored and was recorded
each minute. Cuff blood pressure was measured at rest and every
3 min during stress. The test was interrupted if severe chest
pain, ST-segment depression »2 mm, significant venidcalar or

supraventeicular  arrhythmia,  hypertension  (blood  pressure
2240120 mmHg). systolic blood pressure fall »40 mmHg or any
intolerabte side-etiect regarded as being due 10 dobutamine oc-
curred during the test. Metoprelol (1-5 mg) was used intravenous-
Iy 1o reverse the effects of dobutamine il they did not subside
quickly, Ischaemia at ECG was defined as 20.1 m¥ horizontal or
downsloping ST-scament depression 80 mS from the J point com-
pared 10 baseline or 20.1 mV ST-segment elevation in ECG leads
corresponding to segments without resting wall motion abnormal-
ities {E1].

Stress echocandiography. Echocardiographic images were ac-
quired using the standard views at rest and during stress and re-
covery. The left ventricular wall was divided into 16 sepments
(Fig. 1) and scored using a four-point scale, where | = normal, 2 =
hypakinesis, 3 = akinesis and 4 = dyskinesis. [schaemia was de-
fined as new or worsened wall mosion abnormalities. En agree-
ment with our previous conclusions, ischaemia was not consid-
ered if akinetic segments at rest became dyskinetic during stress
without improvenent at low-dose dobutamine [12, 13]. The echo-
cardiograms were recorded on video 1apes and digitized on optical
disk (Vingmed — CFM 800, Vingmed Sound A/S, Horten, Nor-
way). lmages were compared side by side in quad-screen format
by two irdependent observers without knowledge of the patients’
clipical, scintigraphic or angiographic data. In cases of disagree-
ment, a majority decision was achieved by a third investigator.
The inter- and intra-observer agreement for dobwlamine stress
echocardiographic assessment in aur laboratory are 91% and 92%
respectively [14]
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Echocardiographic ussessment of Ieft venlricular hpertrophy.
Left ventricular mass was calculated wsing Troy's method and
measurements were made din accordance with the American Soci-
ety of Echocardiography criteria {15] as follows: LV mass
(g} = 1.04 {(VS + LVID + PWT)-(LVID)Y], where LV = left
ventricle; [VS = interventricular septal thickness in cm: and
PWT = left ventricular posterior wall thickness in ¢m. The result
was then corrected by the following equation [16] to correlate
with necropsy mass: LV mass (2) = 0.8 (1.V mass) + 0.6. Left ven-
tricular mass was indexed by body surface area using normal lim-
#s from the Framingham Heart Study [17]. Left ventricutar hyper-
trophy was defined ax left ventricular mass index >131 g/m? for
men and >100 g/m? for women.

SPET imaging. Approximately 1 min before the termination of the
stress test, an intravenous dose of 370 MBq of MIBI was adminis-
tered [L1T. Stress images were acquired | h after termination of
the test. For resting studies 370 MBqg of MIBI was injected at least
24 h after the stress study. For each study six oblique (short-axis)
slices from 1he apex to the base and three sagittal {vertical Jong-
axis) slices from the septum to the lateral wal were defined
(Fig. 1}. Bach of the six shori-axis slices was divided into eight
equal segments, A total of 47 segments per patient were analysed
(after exclusion of the septal pant of the two basal skices), The in-
terpretation of the scan was semiquantitatively performed by visu-
al analysis assisted by circumferential proftles analysis. Stress and
rest tomographic views were reviewed side by side by an experi-
enced observer who was unaware of the patients’ clinical, echo-
cardiographic or angiographic dasa. A reversible perfusion defect
was defined as a perfusion defect on stress images that partially or
completely resolved at rest in two or more contiguous segments or
shices. This was coasidered diagnostic of ischzemia, A fixed per-
fusion defect was defined as a perfusion defect on stress images in
two or more contiguous segments or stices which persisted on rest
images. Echocardiographic and scintigraphic images were
matched into six segments: anterior, inferior, seplat anterior, septal
posterior, posterelateral and apical {11, 18, 191

Coronary angiography. Coronary angiography was performed
within 3 months of the dobutamine stress test. Lesions were quan-
tified as previously described [20]. Significant CAD was defined
as a diameter stenosis >50% in one or more major epicardial arte-
ries, Coronary arleries were assigned to myccardial segments as
previously described [10]. The anterior, apical, septal and antero-
septal wall was assigned to the left anterior descending coronary
arery (LAD), the posterior and [ateral wall to the ledt circumflex
{L.Cx) and inferior and basal seplal segments (o the right coronary
artery (RCA). The apical lateral segment was considered an over-
lap segment between the LAD and the LCx and the apica! inferior
segments was considered an overlap segments between the LAD
and the RCA. Overlap segments were assigaed to the regions with
concomitant abnermalities. Because of the frequent vascular over-
fap in the posterior and inferior walls [21, 22], these two regions
were assigned to both the LCx and the RCA.

Statistical analysis, Unless specified, data are presented as mean
values £SD, The chi-square test was used 1o compare differences
between proportions. Student’s £ 1es1 was used for anadysis of con-
tinuous data. A P value <0.05 was considered statistically signifi-
canl. Agreement between echocardiography and MIBI SPET on
the diagaosis of myocardial ischagmia was expressed by the kap-
pa value. Values between 0.75 and [ were considered indicative of
strong agreement, those between 0.40 and 0.75 of fair to good
agreement and those between 0 and 0.40 of poor agreement [23].

Sensitivity, specificity and accuracy were derived accerding Lo the
standard deftnitions and were represented with the 95% confi-
dence intervals (95% C1).

Resuits
Daobuteinine stress test

Hearl rate increased from Tlxld at rest to 133x[7
beats/min at peak stress (P<0.0001) and rate-pressure
product increased from 9918+2998 to 1839814706
(P<0.00001). There was no significant increase in sys-
tolic blood pressure (137221 vs 138431 mmHg). Atro-
pine was administered in 38 patients (45%). Angina oc-
curred in 39 (46%) patients, Sixty-four patients (76%)
reached the target heart rate (>85% of the maximal exer-
cise heart rate predicted for age and sex). The test was
interrupted before reaching the target heart rate because
of angina in ten patients, ST-segment depression in two
patients, archythmias in two patients and hypotension in
one patient; five patients failed to reach the target heart
rate despite using the maximal dobutamine and atropine
dose.

Coronary angiography

Significant coronary artery stenosis was detected in 66
patients {79%, 25 with and 41 without (3 wave infarc-
tion}. Twenty-four patients (29%) had single-vessel dis-
ease, 27 (329%) had two-vessel disease and 15 (18%) had
three-vessel disease. Normal coronary acteries or <50%
lesions were present in 18 patients (21%). Nine patients
(E1%) had an ejection fraction <40%.

Prediction of CAD by angina
and electrocardiographic changes

Typical angina occumed in 39 patients during the test,
CAD was present in 33 of them (sensitivity of stress-in-
duced angina = 50%, CI 39%-61%; specificity = 67%,
ClI 579%—77%; accuracy = 54%, Cl 43%—64%). In-the 76
patienis without electrocardiographic diagnosis of left
ventricular hypertrophy, ischaemic elecirocardiographic
changes occurred in 24-of 60 patients with and in 3 of 16
patients without CAD (sensitivity = 40%, CI 29%51%;
specificity = 81%, CI 72%90%; accuracy = 49%, CI
37%—60%).

Stress echocardiography

Echocardiographic criteria of teft ventricular hypertro-
phy were met in 59 patients {70%). Ischaemia was de-
tected in 48 of 66 patients with (73%) and in 3 of the {8
patients (179} without significant CAD (Table 1). Diag-
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Table 1. Accuracy of ischaemic pattern at

dobutamine stress echocardiegraphy and Echocardiography  pts nr MIBL SPET pis ne

#mTe-MIBI SPET {or the diagnosis of sig- . .

nificant coronary artery stenosis in hyperen.  COverall diagnosis

sive patients Sensitiviry 73 {63-82) 48166 67 (57-717) 44/66
Specificity 83 (75-91) 1518 83 (75-91) 15/18
Accuracy 75 (66-84) 63/84 70 (60-80) 59/84
LAD stenosis
Sensitivity 69 (5979} 31445 62 (52-73) 28/45
Specificity 85 (7792} 33/39 90 (83-96) 35/39
Accuracy 76 (67-85) Py 75 (66-84) 6384
LCX stenosis
Sensitivity 63 (52-713) 22435 60 (50-70) 21435
Specificity 94 (89-99) 46/49 94 (89-99) 46149
Accuracy 81 (72-89) 68/84 79 (71-88) 67/84
RCA stenosis
Sensitivity 56 (45-66) 24443 51 (40-62) 22043
Specificity 90 (84-97) 371 28 (81-95) 36041
Accuracy 73 (63-82) 61/84 69 (59-79) 58184
All arteries
Sensitivity 63 (56-69) THIZ3 58 (51-64) TH23
Specificity 90 (86-94) F16/129 91 (87-94) 1171129
Accuracy 77 (72-82) (931252 75 (69-80) 1887252

Values are presented as percentage and {95% confidence interval)

nostic accuracy was higher than angina and electrocardi-
ography (P<(0.05). The sensitivity was 58% in patients
with single-vessel CAD (14/24), 81% in patients with
two-vessel CAD (22/27) and 80% in patienis with three-
vesset CAD (12/15). The sensitivity was significantly
higher in patients with multivessel than in those with
single-vessel CAD [81% (34/42) vs 58% (l4/24),
P<0.05]. An ischaemic pattern in two different vascular
territories, suggestive of multivessel CAD, cccurred in
20 of 42 patients with and in | of 42 patients without
multivessel CAD (sensitivity = 48%, CI 37%-58%;
speciiicity = 98%, Cl 94%—-100%; accuracy = 73%, CI
63%—82%). The accuracy for the detection of significant
stenosis of individual coronary atferies is shown in Table
i. In the 32 patients with previous Q wave myocardial
infarction, sensitivity, specificity and accuracy were 80%
{Cl 66%—-94%), T1% (Cl 56%87%) and 78% CI
{649%-92%), respectively, Peri-infarction ischaemiz was
detected in 14 of 21 patients with and in 2 of I1 patients
without significant infarct-related artery stenosis (sensi-
tivity = 67%, CI 509%—83%; specificity = 82%, CI
68%—95%; accuracy = 72%, Cl 37%-87%). Sensitivity
for infarct-related artery stenosis was 07% (6/9) in pa-
tients with an ejection fraction <40%. Remote CAD was
detected in 13 patients (419). Sensitivity, specificity and
accuracy of dobutamine stress echocardiography for re-
mote CAD were 69% (Cl 53%-85%), 89% (CI
79%--100%) and 81% (CI 68%-95%), respectively. In
the 52 patients withoul previous Q wave myocardial in-
farction, sensitivity, specificity and accuracy were 68%
{CI 56%-81%), 91% {(CI 83%-99%) and 73% (Ci
61%-85%), respectively. The addition of resting walt

motion abnormalities as a marker of CAD in patiemis
without Q wave myocardial infarction resulted in four
triue-positive and one false-positive diagnoses. The accu-
racy increased to 79% (P = NS). The uddiiioq of resting
wall abnormalitics for the detection of individual coro-
nary artery stenosis increased semsitivity from 58%
(32/53) to 69% (38/55) and accuracy from 32%
(128/156) to 84% (131/156), whereas specilicity de-
creased from 95% (96/101) to 92% (93/101). This com-
prised six true-positive and three false positive studies.

MIBI SPET

Ischagmia (partially or completely reversibie perfusion
defects) was detected in 44 of 66 patients with {(67%)
and in 3 of 18 patients (17%) without significant CAD
(Table 1). Diagnostic accuracy was higher than angina
and electrocardiography (P<0.05). The sensitivity was
58% in patients with single-vessel CAD (14/24), 70% in
patients with two-vessel CAD (19/27) and 73% in pa-
tients with three-vessel CAD (11/15). An ischaemic pat-
tern in two different vascular territories, suggestive of
multivessel CAD, occurred in 1§ of 42 patients with and
in 2 of 42 patients without multivessel CAD (sensitivity
= 36%, CI 25%—46%; specificity = 95%, Cl 91%-100%;
accuracy = 65%, CI 55%-76%). The accoracy for the
detection of significant stenosis of individual coronary
arteries is shown in Table 1. In the 32 patients with pre-
vious Q wave myocardial infarction, sensitivity, specific-
ity and accuracy were 068% (CI 52%-84%), 7T1% (CI
569%-87%) and 69% (Cl 53%—85%), respectively, Peri-
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Table 2. Accuracy of ischaemic pattern at

dobutamine stress echocardiography for LVH No. of No LVH No. of
the diagnosis of signiffcant coronary artery 39 pts patients (25 pis) paticnts
stenosis in hyperteasive patients with and
without left veniricudar hypertrophy Overall diagnosis
Sensitivity 76 (65-87} 35/46 65 (46-84) 13/20
Specificity 85 (75-94) L1713 80 (64-96) 4/5
Accuracy 78 {67-89) 46159 08 (30-86) 17125
LAD stenosis
Sensitivity 68 {56-80) 19/28 71 (53-89) 12117
Specificity 84 (74-93) 26/31 88 (75-100} 8
Accuracy 76 {65-87) 45/59 76 (59-93) 19/25
LCX stenosis
Sensitivity 75 (64-86) 18/24 36 (17-55)* A1t
Specificity 94 (88-100) 33/35 93 (83-103) 13714
Accuracy 86 (78-93) 51/59 68 (50-86) 17425
RCA stenosis
Sensilivity 58 (45-70) 19/33 50 (30~-70) 510
Specificity 92 (85-99) 24/26 87 (73-100) 13115
Accuracy 73 (62-84) 43/59 72 (54-90) 18/25
Al arteries
Sensitivity 66 (59-73) 56/85 55 (44-67) 21438
. Specificity 90 (86-95) 83/92 89 (82-96) 33/37
Aceuracy 79 (12-85) 1391177 72 (62-82) 5475

Values are presented as percentage and (95% confidence interval)
LVH, left ventricular hypertrophy

EP=0.03

infarction ischaemia was detected in 11 of 21 patients
with and in 2 of 11 patients without significant infarct-
related artery stenosis (sensitivity = 52%, Cl 35%—70%;
specificity = 82%, CI 68%-95%; accuracy = 63%, CI
469—79%). Sensitivity for infarct-related artery stenosis
was 44% (4/9) in patients with an ejection fraction
<40%. Sensitivity, specificity and accuracy of MIBI for
remote CAD were 62% (CI 43%-78%), 89% (CI
799%—100%) and 78% (649%—-92%), respectively (P = NS
vs echocardiography). In the 52 patients without previ-
ous @ wave myocardial infarction, sensitivity, specificity
and accuracy were 66% (CI 53%-79%). 91% (CI
839%99%) and 7t% (CI 59%-83%}, respectively. The
addition of resting perfusion abnormatities (fixed de-
fects) as a marker of CAD resulted in two true-positive
and one false-positive diagnoses, The accuracy increased
to 73% (P = NS). The addition of resting perfusion ab-
normatities for the detection of individual coronary ar-
tery stenosis increased sensitivity from 64% (35/55) to
07% (37/35) and accuracy from 83% (130/156) to 84%
(131/156), whereas specificity decreased from 94%
(95/101) to 93% (94/101). This comprised two true-posi-
tive and one false-positive studies.

The influence of left ventricular hypertrophy

Tables 2 and 3 demonstrate that the overall and the re-
gional accuracy of echocardiography and MIBE SPET

for the diagnosis of CAD were not different in patients
with and without left ventricular hyperirophy. However,
there was a small trend towards a higher sensitivity in
patients with left ventricular hypertrophy, which reached
a statistically significant difference only in the LCx terri-
tory.

Comparison of dobutamine stress echocardiography
and MIBI SPET

There was no significant difference between echocardi-
ography and SPET with regard 1o sensitivity, specificity
and accuracy for the overall and the regional diagnosis
of significant CAD in the presence or absence of left
ventricular hypertrophy (Fig. 2, Tables 1-3). There was
a fair (719%) overall agreement between the methods in
the diagnosis of myocardial ischacmia (60/84, x = 0.41).
Agreemient was not different in patients with [71%
(42/59), x = 0.40] and patients without left ventricular
hypertrophy [72% (18/25}), ¥ = (.44}, There was a con-
comtitand diagnosis of ischaemia in two patients without
significant CAD. One of them had left ventricular hyper-
trophy &l echocardiography and developed angina during
the test. The other developed ST segment depression
during the test had no left ventricular hypertrophy. There
was no significant difference between echocardiography
or MIBI regarding the sensitivity (72%, Cl 58%—86 vs
66%, CI 51%-81%), specificity (83%, CI 71%-95% for
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Table 3. Accuracy of ischaemic pattern at

dobutamine stress MIBI SPET for the di- LVH ND: of Ne LVH N“: of
agnosis of significant coronary artery ste- (59 pts) pattents (25 pis) patients
nosis in hypertensive patients with and ” _
without left ventricular hypertrophy Ovesall diagnesis
Sensitivity 70 (58-81) 32/46 60 (41-79) 12/20
Specificity B5(75-94) 1E/13 80 (64-26) 475
Accuracy 13 (62-84) 43/59 64 (45-83) 16425
LAD stenosis
Sensilivity 64 (52-77) 18/28 59 (39-78) 16417
Specificity 90 (83-98) 28/31 88 (75-100) 8
Accuracy 78 (67-89) £6/59 &8 (50-86) 17425
LCX stenosis
Sensitivity 71 (5982} [7/24 36 (17-55)* 411
Specificity 94 (88-100) 33135 93 (83-103) 13/14
Accuracy 85 (76-94) 50/59 68 (50-86) 12125
RCA stenosis
Sensitivity 55 (42-67) 18/33 40 (21-59) 4f10
Specificity 88 (80-97) 23126 87{73-100) 13/15
Accuracy 69 (58-21) 41/59 68 (50-86) 17425
All afteries
Sensitivity 62 (55-70) 53/85 47 (36-59) 18138
Specificity 91 (87-95) 84/92 89 {82-96) 3337
Accuracy TT(71-84) F37177 68 {57-79) 5147
Volues are presented as percentage and (35% confidence intervaly
LVH, Left ventricular hypertrophy
*P=0,05
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Fig. 2. Sensitivity (SENS), specificity (SPEC) and accuracy (ACC) of dobutamine stress echocardiography (Echo) and MIBI SPET (AM1B1)
for the overall and regional diagnosis of coronary arery disease in hypertensive patients with (b) and without (a) Jeft venteicular hyper-

frophy

both} or accwracy {74%, CI 68%-88% vs 68%, Cl
549%-83%) for the diagnosis of CAD in the 38 patients
who were receiving beta-blockers.

Discussion

The selection of an accurate non-invasive method for the
diagnosis of CAD is important to avoid the risk and ex-
pense of unnecessary coronary angiography [2]. Patients
with systemic hypertension may develop ST-segment de-

pression without obstructive CAD even in the absence of
resting electracardiographic changes {24], The accuracy
of exercise thallium scintigraphy for detecting cbstruc-
live epicardial CAD is superior to that of routine exer-
cise electracardiographic testing [25]. However, hyper-
tension has been recognized as a cause of false positive
perfusion scintigraphic resuits [1-5]. Conversely, stress
echocardiography has been reporied to be highly specific
for the diagnosis of CAD in hypertensive patients [8, 9]
and in patients with left ventricular hypertrophy {10
Therefore, it has been recommended that in the latter
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group of patients, echocardiography should be preferred
to myoeardial perfusion scintigraphy [10]. However, the
diagnostic accuracy of these two imaging modalities has
not been compared in hypertensive patiesnls with or with-
out left ventricular hypertrophy.

The presemt siudy

To our knowledge, this is the first study to compare the
accuracy of stress myocardial perfusion scintigraphy and
echocardiography for the diagnosis and localization of
CAD in hypertensive patients. Qur study shows that in
hypertensive patients with limited exercise capacity vn-
dergoing dobutamine stress testing for the evaluation of
myocardial ischaemia, both echocardiography and MIBI
SPET imaging are useful methods for the overall and re-
gional diagnosis of CAD, with a comparably moderate
sensitivity and a high specificity. In contrast with the
previous repors, left ventricular hypertrophy was not
pasticularly associated with a false-positive diagnosis of
CAD using criteria of reversible or fixed perfusion de-
fects at SPET imaging. The results of our study demon-
strate that the presence of hypertension with or without
left ventricular hyperirophy is compatible with high
specificity of stress myocardial perfusion seintigraphy in
a population encountered in clinical practice in whom
non-invasive evaluation of CAD is required. While echo-
cardiography was as accurate, it did not provide a signif-
icant advantage over myocardial perfusion scintigraphy
in terms of sensitivity or specificity for the diagnosis of
CAD in hypertensive patients in the presence or absence
of left ventricular hyperirophy. Furthermore, echocardi-
ography was not feasible in one patient who fulfiiled the
selection criteria for the population of this study, indicat-
ing the advantage of perfusion scintigraphy in this occa-
sional setting.

Comparison with previous studies

Myocardial perfusion abnormalities were reported in hy-
pertensive patients with or without feft ventricular hy-
pertrophy in the absence of significant CAD [3]. The
mechanisms of myocardial ischaemia in these patients
may include impaired vasodilator reserve, increased
myocardial oxygen demand due to left ventricular hyper-
trophy, increased afierload and diastolic dysfunction [26,
27]. While numerous reports have inferred these find-
ings, only a few studies have dealt with the impact of
these findings on the utility of myocardial perfusion
scintigraphy in the diagnosis of CAD. DePuey et al. [4]
reported that fixed perfusion defects in the lateral wall
mimicking myocardial infarction occur frequently in hy-
pertensive patients with left ventricular hypertrophy due
to end-stage renal disease. Conversely, Cecil et al. [28]
found ao thallium perfusion abnormalities in 16 hyper-
tensive patients with left ventricular hypertrophy and no

renal disease. Unfortunately, none of these studies corre-
Iated scintigraphic findings with coronary angiography
10 exclude the presence of CAD. Schulman et al. {29]
compared the results of exercise thallium scintigraphy in
patients with and without hypertension. They concluded
that hypertension affects the results of thallium-201 ex-
crcise stress testing in patients with a low, but not in
those with a mid to high likelihood of CAD, These find-
ings have been challenged by Grogan et al. [30], who re-
ported that among patients with a low likelihood of
CAD, the prevalence and extent of exercise thallium per-
fusion abnormalities were simifar in those with and
those without hypertension. They concluded that hyper-
tension does not cause an increase in false-positive exer-
cise thallium tests. However, the conclusions of these
studies were made by the mere comparison of test re-
sults in patients with and without hypertension without
performing coronary angiography. If hypertension is a
major risk of CAD, determination of the pretest likeli-
hood of CAD based only on age, gender and symptoms
[31} in these studies may underestimaie the prevalence
of CAD in the hypedensive group.

Studies on left ventricular function

In normotensive patients, radionuclide left ventricular
angiography has been reporied to be an excellent indica-
tor of ischaemia due to CAD [32]. However, in the hy-
pertensive population radionuctide angiography has been
shown to be a poor method for this purpose {33], owing
to the low specificity of the ejection fraction response to
exercise and the low sensitivity of new wall motion ab-
normalities {33, 34). Marwick et al. [10] reported that in
17 patients with left ventricular hypertrophy and no sig-
nificant CAD who underwent the dobutamine stress test,
echocardiography had a higher specificity than MIBI
SPET (94% vs 59%, P = 0,02), However, the actiology
of left ventricular hypertrophy was not defined, Left
ventricular hyperirophy in these patients may represent
non-coronary heart diseases associated with perfusion
abnormalities. Our study in 59 patients with left ventric-
ular hypertrophy demonstrated a high overall (85%) and
regional (91%) specificity for MIBI SPET imaging,
which was comparable to that of echocardiography (85%
and 90% respectively). This is not surprising since the
mechanisms that may underlie the occurrence of perfu-
sion abnormalities in hypertensive patients with left ven-
tricular hypertrophy in the absence of significant CAD
can also result in regional left ventricular dysfunction.
Ischaemia due to impaired vasodilator reserve and in-
creased myocardial oxygen demand can readily produce
transient myocardial perfusion as well as wall motion
abnormalities. Similarly, myocardial fibrosis may mani-
fest as fixed myocardial perfusion and wall motion ab-
normalities. This is shown in our study by the similar
agreement between the two techniques in patients with
and without left ventricular hyperirophy. We have previ-
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ously reported that in patients with CAD and reversible
perfusion defects on dobutamine MIB1 SPET, left ven-
tricular hypertrophy was associated with concordant di-
agnosis of ischaemia on simultaneous echocardiography
[18]. In this study, two patients without CAD had tran-
sient wall motion and perfusion abnormalities in associ-
ation with angina or ST-segment depression during do-
butamine stress test. This implies the occurrence of true
myocardial ischaemia in hypertensive patients without
obstructive CAD. Nevertheless, these findings were
compatible with a high specificity of both echocardiog-
raphy and MIBI SPET in the overall and regional diag-
nosis of CAD in hypertensive patients. The similar accu-
racy of dobutamine echocardiography and MIBI SPET
in this study is in line with the previous reports in unse-
lected patients with {19] and without previous myocar-
dial infarction [33, 36].

Influence of left ventricular hyperirophy
on the accuracy of stress echocardiography

Senior et al. [8] reported that dobutamine stress echocar-
diography had a sensitivity and specificity of 93% and
100% respectively for the diagnosis of CAD in 43 hy-
pertensive patients. However, sensitivity was relatively
higher in patients without than in those with left ventric-
ular hypertrophy (100% vs 89%, respectively). Marwick
et al. [6] reported that in patients undergoing exercise
echocardiography, left ventricular hypertrophy did not
influence the sensitivity or specificity. In cur study, the
trend was even toward a higher sensitivity in patients
with than in those without left ventricular hypertrophy
(76% vs 63% by echocardiography and 72% vs 60% by
MIBI SPET, respectively). This may be explained by the
increased myocardial oxygen demand in patients with
left ventricular hypertrophy, which may facilitate the in-
duction of ischaemia. The trend towards a higher sensi-
tivity in patients with left ventricular hypertrophy
reached a statistically significant value only in the LCx
region. This may be explained by possibly better imag-
ing of the lateral wall in the presence of left ventricular
hypertrophy, which may improve sensitivity.

Limitations of the study

We studied patients with dobutamine rather than vasodi-
lator stress test, which according to some authors is bet-
ter than dobutamine in conjunction with myocardial per-
fusion scintigraphy. However, there are no consistent da-
12 in the literature to indicate a superior diagnostic accu-
racy of vasadilator over dobutamine stress test [37].
Porty-five percent of patients were receiving beta-
blockers, which may reduce the sensitivity of both
methods, Echocardiography was particularly reported 1o
be more vulnerable to false-negative resulis at submaxi-
mal stress due to the occurrence of wall motion abnor-

malities later than perfusion abnormalities in the isch-
aemic cascade. However, we have previously shown that
beta-blocker medications do not contribute to false-nega-
tive echocardiographic studies in patients with reversible
perfusion abnormalities. We could not detect a differ-
ence in the diagnostic accuracy between echocardiogra-
phy and MIBI SPET in patients taking beta-blockers in
this study, The results of the test were available to the
treating physician and therefore referral bias to coronary
angiography might have influenced the diagnostic accu-
racy of the test. However, such bias, if existent, would
affect the accuracy of each technique similarly because
both echocardiographic and scintigraphic data were
available to the clinicians and the prevalence of an isch-
aemic pattern was similar with both techniques. Refer-
ring a patient with a positive fest to coronary angiogra-
phy may reduce rather than improve specificity. There-
fore our conclusion regarding the high specificity of
both techniques is unlikely 1o be limited by the possible
referral bias.

Finally, patients with baseline left ventricular dysfunc-
tion did not receive nitrates during the injection of MIBI
for rest studies, as recently recommended to improve
tracer uptake in dyssynergic myocardium [38]. There-
fore, the seasitivity of MIBI for the diagnosis of CAD on
the basis of reversible hypoperfusion might have been
underestimated. This may explain the relatively low sen-
sitivity of MIBI compared to echocardiography for the
diagoosis of infarct-related artery stenosis in patients
with an gjection fraction <40% in this study. Neverthe-
less, only 1i% of patients in this study had an ejection
fraction <40%. Patients with moderate to severe left ven-
tricular dysfunction are uswally candidates for dobuta-
mine thatlium-201 scintigraphy in cur Isboratory {39].

Clinical implications

In hypertensive patients with limited exercise capacity,
referred for evaluation of myocardial ischaemia, dobuta-
mine stress echocardiography and MIBI SPET imaging
have a comparable moderate sensitivity and high speci-
ficity for the overalf and regional diagnosis of CAD. Hy-
pertensive patients with or without left ventricular hy-
pertrophy should not be considered unsuitable candi-
dates for stress myocardial perfusion scintigraphy,
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ABSTRACT

Aim of the study. To assess the diagnostic and prognostic value of dobutamine-atropine stress-
induced reversible perfusion defects in left bundie branch block (LBBB) patients.

Methods. Forty-eight symptomatic LBBB patients underwent dobutamine-atropine technetium-99m
scintigraphy. Mean age of the patients was 64 + 10 years, 23 were men {48%). Scintigraphic results
were analysed according to a 20 segments model. Reversible perfusion defects were defined as
defects that partially or totally resolved at rest. Significant coronary artery disease (CAD) was
quantitatively defined as a diameter stenosis 250% in a major epicardial coronary artery.

Results. Dobutamine-atropine increased heart rate from 72 + 14 bpm to 134 £ 16 bpm. CAD was
present in 16 of 29 patients (55%) with available coronary angiography. For the anterior and
posterior circulation, respectively, the sensitivity of reversible perfusion defects for the detection of
CAD was 56% and 62%, specificity was 80% and 81%, and accuracy was 72% and 72%. Mean
follow-up was 27 + 17 months (range 3 to 77 months). Hard cardiac events (cardiac death or
nonfatal myocardial infarction) occurred in 10 of 48 patients (21%). At univariate analysis only a
history of prior myocardial infarction or congestive heart failure were associated with hard cardiac
events. A history of myocardial infarction was the only independent predictor of hard events,

Conclusions. Dobutamine-atropine stress-induced reversible perfusion defects are useful for the
detection of CAD in LBBB patients, both in the anterior and posterior circulation. Their predictive
vahue for hard cardiac events, however, seems limited.
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INTRODUCTION

Exercise myocardial perfusion studies often suffer from false positive perfusion defects in the
interventricular septum in absence of left anterior descending (LAD) coronary artery stenosis {1-5).
One of the mechanisms postulated for these false positive defects is that in left bundle branch block
(L.LBBB) patients septal contraction occurs toward the end of systole, and the compressive effects of
the septum restrict blood flow during early diastole, when most of the myocardial perfusion normaily
occurs (1), With exercise-induced tachycardia and a shortened diastole, septal hypoperfusion may even
become more apparent. To overcome the Hmitations of exercise stress, imaging with pharmacological
vasodilation {(dipyridamole, adenosine), resulting in only a mild increase in heart rate, was advocated
as the preferred test in LBBB patients (3,4). Unfortunately, patients with obstructive airway disease,
patients taking medications containing methyixanthines and those with baseline systemic hypotension,
sick sinus disease, or advanced atrioventricular node disease are not candidates for vasodilator stress.
In such patients stress testing may be done with dobutamine and some studies have shown that
dobutamine-induced septal perfusion defects in LBBB patients are both sensitive as well as specific
for the detection of LAD disease (5,6), despite a stress mechanism partially based on heart rate
increase. The well preserved specificity in these studies was explained by the only moderate
increase in heart rate compared to exercise, and it was speculated that the addition of atropine to
dobutamine would probably cause specificity to drop. Indeed, in a recently published study using a
high-dose dobutamine-atropine pretocol mean peak heart rates of 158 bpm' were reached and
specificity for the detection of LAD discase was dramatically low (7). In our center mean peak heart
rates with dobutamine-atropine stress testing are usually around 135 bpm (8), which are just
intermediate to those reported in the cited LBBB studies.(5,7) The present study was undertaken to
assess the diagnostic accuracy of dobutamine-atropine stress-induced reversible perfusion defects in
our LBBB patient population. Additionally, for the first time the prognostic value of these defects
was assessed.

MLETHODS

Patient selection. During a G-year period, from November 1990 until December 1996, 48
symplomatic patients with permanent, complete LBBB (defined as a notching or sturring QRS =120
msec with an initial R wave in I, aVL, and the left precordial leads and displacement of the ST
segment, and usually the T wave, in a direction opposite of that of the principal QRS deflection)
underwent dobutamine-atropine perfusion scintigraphy for evaluation of suspected myocardial
ischemia. None of these patients had known ventricular tachyarthythmias, unstable angina, or
uncontrolled hypertension. Mean age of the patients was 64 & 10 years (range 43 to 83), 23 were
men (48%). Relevant demographic data of all patients are displayed in Table 1.
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Table 1. Relevant demographic data for the 48 study patients

Patients
Age 64+ 10
Male gender 23 (48)
History
Myocardial infarction 23 (48)
Congestive heart failure 25(52)
Aortic valve disease 6{13)
Typical angina 14 (29)
Medications
Nitrates 22 (46)
}-blockers 16 (33}
Calcium antagonists 21 (44)
Digoxin 17 (35)
Diuretics 19 (40)
ACE-inhibitors 25(52)
Risk factors
Smoking 12 (25)
Diabetes 5(10}
Hypertension 32 (67)
Hypercholesterolemia 1327

Data presented are mean vatue + SD or number (%) of patients

Dobutamine-atropine stress test. Dobutamine was administered intravenously by an infusion
pump with an infusion rate of 10 pg/kg/min for 3 min, increasing by 10 pg/kg/min every 3 min up
to a maximum of 40 pg/kp/min, In patients not achieving 85% of their age and gender predicted
maximal heart rate (220-age for men and 200-age for women) (9) and without symptoms or signs of
myocardial ischemia, atropine was administered, starting with 0.25 mg intravenously and repeated
up to a maximum of 1.0 mg within 4 min with continuation of dobutamine infusion. Throughout
dobutamine infusion the electrocardiogram (3 leads) was continuously monitored and recorded (12
leads) at one min intervals. Reasons for interruption of the test were: severe angina, symptomatic
reduction in systolic blood pressure 240 mm Hg from baseline, hypertension (blood pressure
2240/120 nun Hg), significant tachyarrhythmias and any serious side effect regarded as being due
to dobutamine.

Perfusion imaging. At peak stress, 370 MBq of technetium-99m sestamibi {n = 36} or tetrofosmin
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{(n = 12) was injected intravenously while dobutamine infusion was continued for at least 1 min.
Stress scintigraphic images were acquired on average 1 h after the termination of dobutamine
infusion. For rest studies, patients were reinjected with 370 MBq of technetium-99m sestaribi or
tetrofosmin approximately 24 h after the stress study. Single-photon emission computed
tomographic image acquisition was done with a single- (Siemens, Des Plaines, lllinois, USA) or
triple-head (Picker, Cleveland, Ohio, USA) camera. Scintigraphjc analysis of the left ventricuiar wall
was performed according to the standardized 20-segments model (10). The anterior and septal
segment were assigned to the LAD artery {anterior circufation), all other segments were assigned to
the right coronary artery and/or left circumflex coronary artery (posterior circulation), Isolated
proximal posterior septal defects in continuity with the inferoposterior wall were assigned to the
posterior circulation. Isolated apical defects were assigned to the anterior circulation. Myocardial
uptake of radiotracer was evaluated visually (with the assistance of circwunferential profiles analysis,
including the normal values) for each of the 20 segments during both rest and stress with a 4-point
scoring method {0 = normal; 1 = equivocal or minimally reduced uptake; 2 = moderately reduced
uptake; and 3 = severely reduced uptake). Scan results were considered normal in absence of any
defect or the presence of only equivocal defects. Fixed defects were defined as resting perfusion
defects >1 in one or more segments, reversible defects were defined as perfusion defects >1 in one or
more segments that partially (mixed defects) or totally resolved at rest.

Coronary angiography. Coronary angiography was performed, using the Judkins fechnique, within
6 months in 29 patients (60%). Significant coronary artery disease (CAD) was defined as a diameter
stenosis 250% in a major epicardial artery at quantitative coronary angiography (11).

Tollow-up. Follow-up data were obtained in all patients untii March 1, 1997 by outpatient clinic
assessment, review of case nofes and contacting the patient, general practitioner or other hospitals
when necessary. Mean follow-up was 27 = 17 months (range 3 to 77 months). Outcome events
were hard cardiac events {cardiac death, nonfatal myocardial infarction) and soft cardiac events
(coronary artery bypass surgery, perctitancous transluminal coronary angioplasty).

Statistical Analysis. Values were expressed as mean value + standard deviation, when appropriate.
Comparison between variables was performed with the Student's £ test for continuous variables and
chi-square test for discrete variables. Differences of p <0.05 were considered significant.
Multivariate logistic regression using the BMDP package (12) was performed to identify factors
that were related to cardiac events, A forward and backward stepping algorithm was used with p
<0,05 fo identify the independent predictors for cardiac events.

RESULTS

Hemodynamic and adverse effects of dobutamine-atropine. Dobutamine-atropine increased
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heart rate from 72 + 14 bpm to 134 * 16 bpm, systolic blood pressure from 142 + 27 mm Hg to 145
+ 26 mm Hg, and double (rate-pressure) product from 10,273 £ 2,875 mm Hg x bpm to 19,382 +
4,090 mm Hg x bpm. Atropine was admistered in 9 of 16 patients (56%) with [i-blockers and in 9 of
32 patients (28%) without B-blockers. Test end-points were target heart rate in 41 patients (85%),
maximal dose dobutamine-atropine in 2 patients (4%), severe angina in 4 patients (8%) and
hypotension in 1 patient (2%). Three patients (6%) had nonsustained (<10 beats) ventricular
tachycardia and 2 patients (4%) had nonsustained {<10 beats) supraventricular tachycardia at peak
dose or during recovery. Typical angina was induced in 17 patients (35%).

Diagnostic value. CAD was present in 16 of 29 patients (35%) in whom coronary angiography was
performed. On the basis of reversible perfusion defects, overall sensitivity for the detection of CAD
was 81% (13/16), specificity was 69% (9/13), and accuracy was 76% (22/29). Sensitivity for one,
two, and three-vessel CAD was 75% (6/8), 75% (3/4), and 100% (4/4), respectively. As seen in
Figure 1, sensitivity for the anterior circulation was 56% (5/9), specificity was 80% (16/20), and
accuracy was 72% (21/29). For the posterior circulation sensitivity was 62% (8/13), specificity was
81% (13/16), and accuracy was 72% (21/29). Inclusion of beth fixed and/or reversible perfusion
defects for the diagnosis of CAD resulted in an overall sensitivity for the detection of CAD of 100%
{16/16), a specificity of 15% (2/13), and an accuracy of 62% (18/29).

<(.
100 —_ P 0.001
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Sensitivity Specificity Accuracy Sensitivity Specificity Accuracy
n=9% n=20 n=29 n=13 n=16 n=29
Anterior circulation Posterior circulation

Figure 1, Accuracy of dobutamine-atropine stress perfusion imaging for the detection of coronary
artery disease in the anterior (Jeft) and posterior circulation (right) for reversible (white bars) and
any perfusion defects (black bars).
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As seen in Figure I, sensitivity for the anterior circulation was 89% (8/9), specificity was 30%
(6/20), and accuracy was 48% (14/29). For the posterior circulation sensitivity was 85% (11/13),
specificity was 63% (10/16), and accuracy was 72% (21/29). The reversible approach was more
specific for CAD, both for overall specificity (p <0.001) and specificity for the anterior circulation
(p <0.0001). Fixed defects were more specific for CAD in the posterior circulation than in the
anterior circulation {p <0,05). Especially, in patients without known previous myocardial infarction
fixed anterior defects tended to be more prevalent than posterior defects (10/25 = 40% versus 4/25 =
16%). The 4 patients with a false negative study for the anterior circulation had (as compared to the
5 patients with a true positive study) comparable peak heart rates {133 versus 142, p = NS) and rate-
pressure products (17,949 versus 16,849, p = NS). Three of 4 patients with a false pesitive study for
the anterior circulation had perfusion defects in the septum. Even when patients with reversible
septal defects without coronary angiographic data were also considered to be false positive for LAD
disease, specificity for the anterior circulation still was 77% (30/39). Both the former 3 and latter 9
patients with a false (or potentially false) positive septal study did not have higher peak heart rates
during stress testing compared to patients with a true negative study. Moreover, of 10 patients with
a supramaximal peak heart rate (>100%, mean heart rate 143 + 13 beats/min) only 3 patients had a
reversible septal defect. Coronary angiography, available in 2 of the latter patients, showed a normal
LAD in 1 patient and a stenosed LAD in 1 patient.

Prognostic value, During follow-up 19 cardiac events occurred in 15 patients (31%). There were 8
cardiac deaths, 2 patients suffered a nonfatal myocardial infarction (1 died later during follow-up), 5
patients underwent coronary artery bypass surgery {2 died later during follow-up), and 4 patients
underwent coronary angioplasty (1 died later during follow-up). Patients with normal perfusion,
reversible perfusion defects alone, fixed perfusion defects alone, and mixed defects had event rates
of 0% (0/6), 13% (1/8), 26% (5/19), and 60% (9/15), respectively. In Table 2 the univariate clinical
and stress test data in patients with and without cardiac events are summarized. Clinical variables
associated with hard cardiac events were male gender, a history of myocardial infarction, and a
history of congestive heart failure. None of the scan variables was significantly associated with hard
cardiac events although the presence of any (fixed and/or reversible) perfusion defect or a fixed
perfusion defect in both circulations (extensive defects) tended to be more common in patients with
hard cardiac events. Clinical variables associated with soft cardiac events were male gender and a
history of myocardial infarction. Stress test data associated with soft cardiac events were the
presence of stress-induced angina and all abnormal scan patterns, including the presence of
reversible perfusion defects. Multivariate analysis revealed prior myocardial infarction {odds ratio
[OR] 12.8, 95% confidence intervat [CI] 1.4 to 120.0) as the only independent predictor of
subsequent hard cardiac events. Dobutamine stress-induced angina (OR 10.1, 95% CI 1.7 to 59.9)
was the only independent predictor of subsequent sofl cardiac events.



Table 2. Clinical and stress test data for patients with and without cardiac events

Patients with ~ Patients withouwt P value

Patients with Patients without P value
hard event hard event soft event soft event
(n=9) (n=39) (n=9) (n=39%)
Age>T0 years 1(11) 123D 0.8817 0 (0%) 13 (33) 0.1828
Male gender 9 (100) 14 (36) 0.0071 7 (78) 16 (41) 0.0490
History
Myocardial infarction 8(89) 15(38) 0.0069 7(78) 16 (41) 0.0490
Congestive heart failure 8(39) 17 (44) 0.0153 6 (67) 19 (49) 0.3364
Typical angina 3(33) 11 (28) 0.7627 5 (56) 9(23) 0.0559
Stress test data
Typical angina 3(33) 14 (36) 0.8859 7(78) 10 (26) 0.0035
‘Any defect 9 (100) 33 (85) 0.6077 9 (100) 33 (85) 0.6077
mulfi-territory 5(56) 9 (23) 0.0559 6 (67) 8 (21) 0.0066
Fixed defect 9 (100) 25 (64) 0.2389 8 (89) 26 (67) 0.1908
multi-territory 4(44) 7(18) 0.0916 5(56) 6 (15) 0.0105
Reversible defect 5(56) 18 (46) 0.6146 7(78) 16 (41) 0.0490
mult-territory 1{iH 3(® 0.7406 2(22) 2(5) 0.0979
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DISCUSSION

The present study addressed the diagnostic and prognostic value of dobutamine-atropine perfusion
imaging in symptomatic LBBB patients, The main finding of the study is that dobutamine-atropine
stress-induced reversible perfusion defects are equally moderately sensitive and highly specific for the
detection of CAD in the anterior and posterior circulation. The prognostic value of such defects,
however, seens limited in a heterogeneous LBBB population,

Etiology of “false-positive” septal perfusion defects. It is well known that in LBBB patients exercise
myocardial perfusion studies often show septal defects in absence of LAD disease (1-5). Pacing
studies in dogs have indicated that regional myocardial blood flow and thalliam-201 uptake during
(mid) right ventricular pacing induced LBBB was reduced in the septum compared to the lateral wall,
whereas in right atrial pacing and nommal ventricular depolarization myocardial blood flow and
thallium-201 uptake was equal in the lateral and septal wall (1,13). Several mechanisms have been
proposed to explain these perfusion defects. In LBBB patients septal contraction occurs at the very end
of systole. The regional myocardial compressive effect may restrict coronary blood flow during early
diastole, when most perfusion normally occurs (13). As heart rate increases and diastole shortens, the
relative septal hypoperfusion may even become more appatent. Alternatively, with markedly delayed
septal contraction, the myocardium in this region encounters a decreased afterload relative to that of
other left ventricular segments. This may result in a relative reduction in coronary septal blood flow as
a result of coronary autoregulatory mechanisms {14). Other proposed mechanisms include coronary
spasm or small vessel CAD, septal fibrosis (15), and technical factors, including wall motion artifact
{16-18). Because of the suspected major role of heart rate increase in the development of septal-
defects, vasodilator (dipyridamole, adenosine) perfusion imaging, which causes onlty a mild increase
in heart rate, is advocated as the stress test of choice in LBBB patients to detect CAD (3 ,4).

Diagnostic value. In accordance to the study of Mairesse ef al. (6) fixed defects in our study were
less specific for CAD in the anterior circulation compared to the posterior circulation and were
particularly more common in the anterior circulation in patients without known prior myocardial
infarction. In accordance to both Vaduganathan ef al. (5) and Mairesse et al. (6) dobutamine-
induced reversible perfusion defects were equally sensitive and specific for the detection of CAD in
the anterior and posterior circulation. Even when reversible septal defects in patients without
available coronary angiography were considered false positive, specificity for the anterior
circulation was well preserved. In contrast to our findings and those of the 2 cited studies, Caner e/
al. () recently reported a specificity of enly 16% in 19 patienis with normal coronary arteries who
underwent dobutamine-atropine thallium-201 imaging, with all the false positive septal perfusion
defects being reversible, In their study myocardial images were taken 5-7 min after completion of
dobutamine-atropine infusion. So, at the moment of imaging heart rate was still raised and wall
motion abnormalities could have been still present. It is well known that wall motion abnormalities
can influence myocardial images (16-18). Even more importantly, mean peak heart rate in their
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study was 58 bpm. Several exercise myocardial perfusion studies have described a relation
between peak heart rate and false positive reversible septal defects (2,5,19). In particular heart rates
>165 bpm are known to be associated with false positive septal defects (19). Such heart rates are
normally uncommon during dobutamine-atropine stress testing. In the present study mean peak
heart rate was 134 bpm and only 1 patient had a peak heart rate >165 bpm. The exceptional high
peak heart rates in the study of Caner ef al. may be partially explained by the relatively young age
of their patients and their target heart rate criterion for women of 220-age in stead of 200-age as we
used (9). Most importantly, for uaclear reasons the majority of their patients had despite a target
heart rate of 85% of maximal a heart rate of over 95% of maximal, The impact of atropine addition
on peak heart rate should always be placed in the context of patient characteristics. In most patients
without B-blockers a diagnostic end-point will be achieved without atropine addition. In our study 1
out of every 3 patients was on a -blocker and, as was shown in other studies (20,21), atropine was
particularly useful in these patients to reach their target heart rate. So, whereas atropine addition
indeed serves to increase heart rate, a significant increase in heart rate additional to dobutamine is
mostiy induced in patients on a B-blocker. Future studies should try to assess the optimal percentage
heart rate of maxiimal to detect LAD disease in LBBB patients. Ideally, this should be done by serial
studies in individual patients. The 85% of maximal heart rate percentage criterion, which was
derived from exercise testing, may potentially be lowered because the threshold for ischemia during
dobutamine stress testing seems lower than during exercise (22). Additionally, the sensitivity of
perfusion imaging for the detection of CAD is less vulnerable to “submaximal” stress than other
markers of ischemia like stress-induced wail motion abnormalities or ST-segment depression (23).

Prognostic valuee, Most of the revascularization procedures were performed within 3 months from
stress festing, Since the results of the test were used by the referring physicians for patient
management it is not surprising that reversible perfusion defects were predictive for subsequent
revascularization procedures. For hard cardiac events reversible perfusion defects were not
predictive at ail, If is well known that the probability of suffering from a hard cardiac event relates
not only o the quantity of myocardium at risk but also to the duantity of already necrotic
myocardium. Therefore, the additional predictive value of reversible perfusion in patients with
(extensive) perfusion defects at resting images has often been questioned (24). Due to the
underlying causes of LBBB (25), such patients are usually at high risk for hard cardiac events
irrespective of reversible perfusion defects, Approximately half of our patients had a previous
myocardial infarction and/or a history of congestive heart failure, both reflecting the presence of
(extensive) necrotic or nonfunctional (cardiomyopathic) myocardium.

Conclusions. Although dobutamine-atropine stress-induced reversible perfusion defects are useful for
the detection of CAD, both in the anterior and posterior circulation, the prognostic value of such
defects seems limited in a heterogeneous LBBB population.
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ABSTRACT

Ainm of the study. Patients with left bundle branch block (LBBB) exhibit abnormal septal motion
which may limit the inferpretation of stress echocardiograms. This study sought to assess the
diagnostic value of dobutamine-atropine stress echocardiography (DASE) in LBBB patients.

Methods. Sixty-four LBBB patients (mean age 59 years, 24 men) with suspected corenary artery
disease {CAD) underwent DASE and coronary arteriography. Myocardial ischemia was defined as
new or worsening wall thickening abnormalities. CAD was quantifatively defined as a diamster
stenosis 250% in a major epicardial artery.

Resulfs. Rest septal motion was normal (apart from the early systolic septal notch) in 34 patients
(53%) and abnormal in 30 patients (47%). Rest septal thickening was normal in 32 patients (50%)
and abnormal in 32 patients (50%). All 7 patients with a QRS-duration 2160 ms and abnormal
QRS-axis had abnormal rest septal motion and thickening. Interobserver agreement for ischemia
was 88%. In all but one patient disagreement was in the septum. For the anterior and posterior
circulation, respectively, sensitivity was 60% (9/15) and 67% (8/12), specificity was 94% (46/49)
and 98% (51/52), and accuracy was 86% (55/64) and 92% (59/64). Sensilivity for the anterior
circulation tended fo be better in patients with normal rest septal thickening (83% vs 44%).

Conclusions. DASE has excellent diagnostic specificity in LBBB patients with suspected CAD. In
patients with abnormal rest septal thickening, however, DASE scems to lack good sensitivity for
detection of CAD in the anterior circulation, LBBB patients who potentially most benefit from
DASE may initially be selected by their resting electrocardiogram.
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INTRODUCTION

Left bundle branch block (LBBB) is most conumonly associated with atherosclerotic coronary artery
disease (CAD) (1), Other etiologic disorders are idiopathic dilated cardiomyopathy, hypertensive heart
disease, aortic valvular disease or nonspecific fibrosis of the cardiac conduction system. In a few
patients, LBBB may be rate related or idiopathic. Although the presence of LBBB was associated with
a three- to fourfold increase in cardiovascular mortality in the Framingham study (1), patients without
clinically overt heart disease have an excellent short- and long term prognosis (2,3). Thus, it is
important to determine whether LBBB is associated with CAD or other underlying abnormalities.
Unfortunately, most noninvasive stress tests have limited value for the detection of CAD in LBBB
patients. Bxercise-induced ST segment changes are indeterminate for ischemia (4,5) and myocardial
perfusion studies, especially exercise perfusion studies, often suffer from false positive perfusion
defects in the mferventricular septum in the absence of left anterior descending (EAD) coronary artery
stenosis (6-9).

Hchocardiographically, LBBB is characterized by asynchronous contraction of the ventricles
{10), resulting in the (M-mode) echocardiographic hallmark of LBBB, the early systolic posteriorly
directed septal notch, first described by McDonald in 1973 (11). After the oceurrence of this notch,
several types of septal motion have been described. Classically, septal motion is anterior and described
as paradoxical (11-13), however, normal posterior motion and several intermediate types may also
oceur {11-16). Dobutamine-atropine stress echocardiography (DASE) is an established stress modality
for the detection of CAD in patients without LBBB (17). It is capable of visualizing septal motion and
assessing septal myocardial thickening which might be relatively preserved in LBBB patients,
especially in those patients without CAD (16,18,19). To investigate the diagnostic accuracy of DASE
for the detection of CAD in LBBB patients and the influence of rest septal motion and thickening on
this accuracy we initiated a prospective, multicenter study in which EBBB patients with chest pain and
suspected CAD, who were referred for coronary arteriography, underwent DASE.

METHODS

Patient selection, Patients with chest pain and permanent, complete LBBB who where referred for
coronary arteriography were eligible for the study if they did not meet any of the following
excluding criteria: 1) known ventricular tachyarrhythmias, 2) history of myocardial infarction, 3)
unstable angina, 4) uncontrolled hypertension (2180/110 mum Hg), 5} significant aortic valvular
heart disease, or 6) poor quality echocardiogram (n=2). Sixty-four patients gave informed consent
and were included in the study. All patients underwent DASE within 1 month of coronary
arteriography, without any interceding clinical event, Mean age of the patients was 59 + 10 years
(range 35 to 78), 24 were men {38%). Forty-seven patients (73%) had typical angina, 17 patients
{27%) had atypical angina. Mean pre-test probability of CAD, calculated from age, gender and chest
pain characteristics {20}, was 74% + 25%. At the time of the study 39 patients {61%) were receiving
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antianginal therapy including B-blockers in 5 (8%). Relevant demographic data of all patients are
displayed in Table 1.

Table 1. Pertinent demographic data for 64 the study patients

CAD No CAD p Value
{n=19) (n=45)
Age 64+ 8 584 10 <(.05
Male Gender 8(42) 16 (36) NS
Typical Angina 17 (8% 30(67) <0.05
Medications
Nitrates 9(47) 18 (40 NS
B-blockers 2(1Y) 3D NS
Calcium antagonists 8(42) 13(29) NS
Risk Factors
Smoking 421 1227 NS
Diabetes 947 7 (16} <0.02
Hypertension 14 (74) 23(51) NS
Family history of CAD 5 (26) o2 NS
Hypercholesterolemia 6(32) 17 (38) NS

Data are presented as mean value £ SD or number (%) of patients.
CAD = coronary artery disease; NS = nonsignificant.

Electrocardiography. Complete LBBB was defined as a notching or slurring QRS =120 ms with an
initial R wave in I, aVL, and the left precordial leads and displacement of the ST segment, and usually
the T wave, in a direction opposite of that of the principal QRS deflection (21). Electrocardiographic
measurements from a standard 12-lead electrocardiogram included QRS-duration, measured to the
nearest 10 ms, and frontal QRS-axis, measured to the nearest 15°. A frontal QRS-axis between -30°
and +90° was considered normal,

Dobutamine-atropine stress test, Dobutamine was administered intravenously by an infusion
pump with an infusion rate of 10 pg/kg/min for 3 minutes, increasing by 10 pg/kg/min every 3
minutes up to a maximom of 40 pg/kg/min, In patients not achieving 85% of their age and gender
predicted maximal heart rate and without symptoms or signs of myocardial ischemia, atropine was
administered, starting with 0.25 mg intravenousty and repeated up to a maximum of 1.0 mg within
4 minutes with continuation of dobutamine infusion. Throughout dobutamine infusion the
electrocardiogram (3 leads} was continuously monitored and recorded (12 leads) at one minute
intervals. Reasons for interruption of the test were: severe angina, symptomatic reduction in systolic
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blood pressure >40 mm Hg from baseline, hypertension (blood pressure >240/120 mm Hg),
significant tachyarrhythmias and any serious side effect regarded as being due to dobutamine.

Echocardiographic imaging, Echocardiographic analysis of the left ventricular wall was performed
according to the 16-segments model (22). The anterior and septal segments were assigned to the
anterior circulation (LAD), ail other segments were assigned to the posterior circulation (right
coronary artery (RCA) andfor left circumflex (LCx) artery). Isolated apical wall abnormalities were
assigned to the anterior circulation. Isolated basal posterior septal wall abnormalities were assigned
to the posterior circulation. Systolic wall thickening and/or wall motion were visually evaluated, and
each sepment was graded on a 5-point scoring system (1 = normal; 2 = mild hypokinesis; 3 = severe
hypokinesis, 4 = akinesis; and 5 = dyskinesis). Resting wall motion score index (WMSI) was
calculated by summing all individval segment scores and dividing the sum by the total number of
segiments, A fest was considered positive for ischemia in case of new or worsening wall thickening (or
motion) abnormalities at any dobutamine (or atropine) stage in 21 segment (23). All echocardiograms
were scored by two observers (P.M.F. and R.R.) who were blinded for the angiographic data. In case
of disagreement, consensus was reached by the two observers or a third observer's (J.D.K) scoring was
decisive. Left ventricular end-diastolic diameter (VEDD) and septal motion were assessed from the
baseline M-mode parasternal long axis view. Since it has been documented that septal motion
assessment varies with the direction of the ultrasound beam (24), this motion was measured from the
cross section in which parts of both mitral valve leaflets were visible. Systolic septal motion after the
early notch was visually graded as (relatively) nonmal (posterior movement =3 mm} or abnormal
{posterior movement <3 mm, flat [no movement} or paradoxical [anterior movement]). Likewise
systolic septal thickening was graded as (relatively) normal (more than 3 mm thickening) or abnormal
(less than 3 mm thickening).

Coronary angiography. Coronary angiography was performed, using the Judkins technique, within
1 month from DASE in all patients. Significant coronary artery disease was defined as a diameter
stenosis 250% in a major epicardial artery at quantitative coronary angiography (25).

Statistical Analysis. Values were expressed as mean value + standard deviation, when appropriate.
Comparison between variables was performed with the Student's ¢ test for continuous variables and
chi-square test for discrete variables. Differences of p <005 were considered significant.

RESULTS

Hemodynamic and adverse effects of dobutamine-atropine. Dobutamine-atropine increased
heart rale from 79 + 13 beats/min to 136 £ 13 beats/min, systolic blood pressure from 135 % 17 mm
Hg to 145 £ 25 mm Hg, and double (rate-pressure) product from 10,704 + 2,248 mm Hg x
beats/min to 19,741 = 3,915 mm Hg x beats/min, Test end-points were {arget heart rate in 55
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patients (86%), maximal dose dobutamine-atropine in 5 patients (8%4), severe angina in 3 patients
(5%), and hypotension in 1 patient (2%). None of the patients had a tachyarrhythmia during

dobutamine infusion or recovery. Typical angina was induced in 6 patients (9%).
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Figure 1. Correlation between QRS-duration and left ventricular end-diastolic diameter (1A, top),

and wall motion score index (1B, bottom)
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Baseline electrocardiographic and echocardiographic results, QRS-duration was positively
correlated with rest LVEDD (r = 0.69, Figure 1A} and rest WMSI (r = 0.54, Figure 1B), Rest septal
motion was normal in 34 patients (53%) and abnormal in 30 patients (47%). Abnormal septal
motion was severely hypokinetic in 20, flat in 9 and true paradoxical in 1. Rest septal thickening
was normal in 32 patients {50%) and abnormal in 32 pafients (50%). As shown in Table 2, patients
with normal septal thickening had shorier QRS-duration (p <0.001), lower numbers of abnermal
frontal QRS-axis (p <0.02), smaller LVEDD (p <0.001), lower WMSI {p <0.001), and more often
normal septal motion (p <0.0001). The presence of LAD disease did not differ significantly. Of 30
patients without evidence of CAD or cardiomyopathy (normal coronary arteriography, LVEDD <56
mm, and normal resting wall thickening apart from septal wall abnormalities), 26 (87%) had
relatively normal septal motion and 25 (83%) had relatively normal septal wall thickening.

Table 2. Characteristics of patients with normal and abnormal septal thickening

Normal Abnormal p Value

(n=32) (n=32}
QRS-duration {ms) 137+ 14 157+ 17 <0.001
Abnormal QRS-axis 4{13) 12 (38) <(.02
WMSTI at rest 126+ 0.34 243+ 0.64 <0.001
LVEDD (mm) 47+ 4 59+12 <0.001
LAD disease 6{19) 9 (28) NS
Normal septal motion 32 (100) 2 (6} <0.0001

Data are presented as mean value = SD or number (%) of patients. LAD = lefi
anterior descending coronary artery; LVEDD = left ventricular end-diastolic
diameter; NS = nonsignificant; WMSI = wall motion score index,

Interobserver agreement for ischémia. Interobserver agreement for myocardial ischemia was 88%
(56/64). In all but one patient disagreement was in the septum. Disagreement was present in 9%
(3/32) of septums with normal thickening and in 13% (4/32) of septums with abnorinal thickening,
Myocardial ischemia in the anterior circulation was detected in the septum in 9 patients, in the
anterior wall in 1 patient, and in both the septum and the anterior wall in 2 patients.

Diagnostic accuracy. Significant CAD was present in 19 of 64 patients (30%). Of the 45 patients
(70%) without significant CAD, 38 patients had normal coronary arteries and 7 patients had non-
significant lesions, Overall sensitivity for the detection of CAD was 68% (13/19), specificity was
91% (41/45), and diagnostic accuracy was 84% (54/64). Sensitivity for one, two, and three-vessel
CAD was 50% (5/10), 80% (4/5), and 100% (4/4), respectively. For the anterior circulation
sensitivity was 60% {9/15), specificity was 94% (46/49), and accuracy was 86% (55/64). For the
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posterior circulation sensitivity was 67% (8/12), specificity was 98% (51/52), and accuracy was
92% (59/64).

Analysis of false-negative results, Of 4 patients with a false-negative DASE study for the posterior
circulation, 3 patients had one-vessel CAD (LCx stenosis of 55%, 69%, and 75%, respectively), and
I patient had two-vessel CAD (RCA stenosis of 100% and LCx stenosis of 60%). Achieved heart
rates (percentage of “maximal” heart rate} in these 4 patients were 92%, 104%, 117%, and 65%,
respectively, Of 6 patients with a false-negative DASE study for the anterior circulation, 1 patient
had normal rest septal thickening (LAD stenosis of 53%) and 5 patients had abnormal septal
thickening (LAD stenosis of 58%, 63%, 66%, 75%, and 100%, respectively). Achieved heart rates
in these 6 patients were 92%, 1%, 102%, 107%, 92% and 75%, respectively. In the 32 patients
with normal rest septal thickening sensitivity, specificity and accuracy for the detection of LAD
disease was 83% (5/6), 88% (23/26), and 88% (28/32), respectively. In the 32 patients with
abnormal rest septal thickening sensitivity, specificity and accuracy for the detection of LAD
discase was 44% (4/9), 100% (23/23), and 84% (27/32), respectively, Sensitivity for the detection of
LAD disease tended to be better in patients with normat rest septal thickening (5/6 = 83% vs 4/9 =
44%, p <0.10). When only septal ischemia was considered diagnostic for LAD disease this
difference was significant (5/6 = 83% vs 3/9 = 33%, p <0.05).

Analysis of false-positive results. The only patient with a false-positive DASE study for the
posterior circulation had normal resting wall thickening and mildly impaired basal and mid
inferoposterior wall thickening at peak stress. All 3 patients with a false-positive DASE study for
the anterior circulation had relatively normal rest septal wall motion and thickening and stress-
induced wall thickening abnormalities in the septum. Peak heart rate of the latter 3 patients with a
false positive study was comparable to the 46 patients with a true negative study for the anterior
circulation (136 + 7 vs 138 & 12 beats per minute, p = NS). All patients with a false-positive DASE
study had angiographically normal coronary arteries.

DISCUSSION

The present study addressed the diagnostic value of DASE in LBBB patients with chest pain and
suspected CAD. The main finding of the study is that DASE is a moderately sensitive and highly
specific test for the detection of CAD in LBBB patients, both in the anterior and posterior circulation,
Interobserver agreement for detection of CAD in the LAD artery, however, secems somewhat lower
compared to patients without LBBB (17). Additionally, sensitivity for the detection of CAD in the
LAD artery seems lower in patients with abnormal rest septal thickening.

Echocardiographic characteristics of LBBB. In LBBB patients ventricular activation starts in the
right ventricle and the right side of the septum. Transseptal activation from right fo left is
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transmyocardial and thus slow. Activation of the left ventricle proceeds also from right to left, with
the basal and posterolateral wall activated last, although activation of the latter is relatively rapid
because of impulse entrance in the distal Purkinje network. Thus, whereas in normal subjects the
onset of right and left ventricular contraction occurs nearly simultaneously, in LBBB patients there
is asynchronous onset of right and left ventricular contraction. This mechanical asynchrony,
resulting in dynamic changes in pressure and volume between the ventricles, continues throughout
the cardiac cycle (10). During early systole, right ventricular isovolumic contraction is unopposed
by left ventricular contraction, causing the septum {o move passively posteriorly {explaining the
early systolic septal notch). Abrupt anterior septal motion occurs at the time of normalization of the
transseptal pressure gradient by & decrease in right ventricular volume with pulmonic gjection and a
rise in left ventricular pressure with isovolumic contraction. During simultaneous right and left
ventricular ejection several types of septal motion can be encountered. Classically, septal motion is
anterior and described as paradoxical (11-13), however, normal posterior motion and several
intermediate types may also oceur (11-16). Septal motion seems related to both contraction capability
{e.g. presence of septal infarction, cardiomyopathy) as well as activation sequence. Several right
ventricular pacing studies, simulating LBBB, have indicated that apical pacing results in an early
systolic notch followed by (near) normal posterior septal motion and thickening (18,19), whereas
midventricular pacing resulis in an early systolic notch followed by paradoxical anterior septal motion
without thickening (19,26). Likewise, the proximal or more distal site of LBBB may influence septal
motion and thickening (15}, In contrast to the initial studies describing septal motion (11-13), many
LBBB patients in the present study had (apart from the early systolic notch) relatively normal septal
motion and thickening. In particular, patients without evidence of CAD or cardiomyopathy usuaily
had normal septal motion and thickening. In the largest (resting) echocardiographic studies in
consecutive LBBB patients by Strasberg ef ol (15) and Curtius ef al. (16) relatively normal septal
motion was also present in the majority of patients. Grines ef al. (10) described that LBBB patients
with more prolonged right/left ventricular filling ratio (interventricular asynchrony) had more
abnormal septal motion. In concordance with the studies of Strasberg ef af. (15) and Curtius et al.
(16) we found that patients with abnormal septal thickening {and usually motion) had longer QRS-
duration, more often an abnormal QRS-axis, and larger LVEDD, findings that were, although not
specifically analysed, also present in the classic study of McDonald {11).

Detection of myocardial ischemia. In [.BBB patients, exercise-induced ST segment changes are
nonspecific for ischemia (4,5) and myocardial perfusion studies, especially when exercise stress is
used, often suffer from false positive perfusion defects in the interveniricular septum in absence of
LAD stenosis (6-9). Pacing studies in dogs have indicated that regional myocardial blood flow and
thallimm-201 uptake during (mid) right ventricular pacing induced LBBB was reduced in the septum
compared to the lateral wall, whereas in right atrial pacing and normal ventricular depolarization
myocardial blood flow and thallium-201 uptake was equal in the lateral and septal wall (6,26). True
ischemia, as measured by lactate extraction, was nof present, Several mechanisms have been
proposed to explain these perfusion defects, In LBBB patients, septal contraction occurs at the very
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end of systole. The regional myocardial compressive effect may restrict coronary blood flow during
early diastole, when most perfusion normally occurs (26). As heart rate increases and diastole
shortens, the relative septal hypoperfusion may even become more apparent, Alternatively, with
mmarkedly delayed septal contraction, the myocardium in this region encounters a decreased afterload
relative to that of other left ventricular segments, This may result in a relative reduction in coronary
septal bleod flow as a result of coronary autoregulatory mechanisms {27). Other proposed mechanisins
include coronary spasm or small vessel CAD, septal fibrosis (28), and technical factors, including
wall motion artifact (29). Because of the suspected major role of heart rate increase in the
development of septal defects, vasodilator (dipyridamole, adenosine) perfusion imaging, which
causes only a moderate increase in heart rate, is advocated as the siress test of choice in LBBB
patients to detect CAD (8,9).

Echocardiographically, myocardial ischemia in the LAD territory can be assessed by stress-
induced wall thickening abnormalities in the septum or anterior wall. Stress-induced wall thickening
abnormalities in the septum are relatively easy to detect because of the well delineated endocardium
compared to the anterior wall endocardium and are important because they may reflect proximal or
mid LAD stenosis. Our study shows that in LBBB patients septal (and anterior) dobutamine-stress
induced wall thickening abnormalities are very specific for the detection of CAD in the LAD,
Unfortunately, interobserver agreement for septal ischemia in the present study was relatively low.
Additionally, in patients with abnormal rest septal thickening, septal ischemia was detected less
frequently and the sensitivity of DASE for the detection of CAD in the LAD seemed lower. The false
negative studies could not be explained by less severe LAD stenosis, lower achieved heart rates or
double products. Other investigators have shown that in patients without LBBB but with abnormal rest
wall thickening or dilated cardiomyopathy, DASE is still an accurate test for the diagnosis of CAD
(23,31,32). However, despite the use of the biphasic response (23), the combination of impaired
baseline wall thickening and LBBB-induced abnormal wall motion seetns to make the assessment of
septal ischemia difficult. In this respect, we anticipate that in LBBB patients with septal infarction,
who usually have a flat septumn without wall thickening (14), assessment of infarct-related artery
patency will also be very difficult. Recently, Mairesse ef al. (33) reported in § LBBB patients with
prior myocardial infarction and TAD stenosis a sensitivity of DASE for the detection of CAD in the
LAD of 88%. However, in their study infarct (or rest wall thickening abnormality) localization was not
specified and failure to improve wall thickening during dobutamine infusion was considered an
additional criterion for ischemia. Opinions about the use of this latter criterion diverge (34).
Application of this criterion to our 32 LBBB patients with abnormal septums would have increased
sensitivity for the detection of CAD in the LAD from 44% to 89%, at the sacrifice of a decrease in
specificity from 100% to 17%. As mentioned before, vasodilator (dipyridamole, adenosine)
perfusion scintigraphy is nowadays considered as the diagnostic stress test of choice in LBBB
patients. Unfortunately, there are no studies reported in the literature specifically addressed to the
sensitivity of perfusion scintigraphy for the detection of LAD disecase in LBBB patients with
abrniormal rest septal thickening.

Interestingly, the likelihood of having relatively normal rest septal thickening was higher in
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patients with shorter QRS-duration and normal QRS-axis, Only 3 of 19 patients (16%) with a QRS-
duration 2160 ms had relatively normal septal thickening, as opposite to 29 of 45 patients (64%)
with a QRS-duration <150 ms. All 7 patients with a QRS-duration 2160 ms and abnormal QRS-axis
had abnormal rest septal thickening (and motion). If other studies confirm our findings, LBBB
patients who potentially most benefit from DASE may initially be selected by their resting
electrocardiograim.

Limitations. Despite a mean pre-test probability of CAD of 74% & 25% only 30% of the patients
had significant CAD, Twelve patients (19%) in our study group had evidence of nonischemic
ditated cardiomyopathy by LVEDD >56 mm, global hypokinesis and angiographically normal
coronary arteries. It is well known that patients with dilated cardiomyopathy can experience typical,
exertional angina in absence of epicardial CAD (35). Importantly, the main issue in LBBB patients
is the rather low specificity of most noninvasive stress tests. Since 70% of our patients did not have
significant CAD, this important issue could adequately be addressed. In fact, our LBBB study
population is the largest reported in the literature without angiographic referral bias.

Conclusions. Despite suboptimal interobserver agreement on septal ischemia, we believe that the
diagnostic accuracy of DASE establishes this stress modality as one of the stress tests of choice in
LBBB patients with relatively normal rest septal thickening. In patients with abnormal rest septal
thickening DASE seems fo lack good sensitivity for LAD disease detection, although the test
remains highly specific, Future studies should confirm our findings and, preferably in head-to-head
comparisons, assess whether stress perfusion scintigraphy has better diagnostic accuracy in these
latter patients with abnormal rest septal thickening.
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CHAPTER 9

Prognostic Yalue of Dobutamine-Atropine Stress Technetinum-99m
Sestamibi Perfusion Scintigraphy in Patients With Chest Pain
MARCEL L. GELEIINSE, MDD, ABDOU ELHENDY, MD, PsD, RON T. van DOMBURG, MSc,

JAN H. CORNEL, MD, AMBROOS E. M. REIJS, MSc, JOS R. T. C. ROELANDT, MD, PuD, FACC,
ERIC P, KRENNING, MD, PuD, PAOLO M. FIORETTI, MD, PaD, FACC

Rotterdam, The Netherlands

Objectives, This study Investigated the progaostic value of
dobutamine-atropine technettum-99m (Te-99m) sestamibi single-
photon emission computed tomographic (SPECT) myocardial
perfusion imaging.

Background, Dobutamine-airopine Tc-99m sestamibi SPECT
imaging is an accorate method for the detection of coronary
disease, However, the prognostic value of this stress modality has
not been assessed.

Methods, Three hundred ninefy-two consecutive patients with
chest pain (mean [£SD} age 60 % 12 years; 220 men, 190 with a
previous myocardial infarction) underwent a dobutamine-
atropine Te-99m sestamibl SPECT scintigraphic sludy. Patients
were followed up for 22 = 13 months to determine the univariate
and multivariate variables associated with hard cardiac events
(cardiac death, nonfatal myecardiat infarction), to define their
event-free survival and to determine whether the extent and
severity of reversible perfusion defects correlated with events,

Results. Foriy-four patienis (11%) had hard cardiac events.
Multivariate models demonsirated that older age (odds ratio

[OR] 2.1, 95% confidence interval [CI] 1.0 to 4.4), history of heart
failure (OR 2.6, 95% CI 1.3 to 5.2), abnormal sestamibl scan
results (OR 10.0, 95% Ci 2.3 to 43,0) and reversible perfusion
defects (OR 3.2, 95% CI 1.6 to 6.4) had independent predictive
value, Patients without perfusion defects, with fixed defects alone,
reversible defects alone and fixed plus reversible defects had
annval hard cardizc event rates of 0.8%, 6.8%, 8.1% and 11.6%,
respectively. Patients with increasing reversible defect scoves had
ncreasing aonual event rafes of 2.1%, 5.0%, 5.5%, 13.0% and
14.6%, respectively.

Conclusions. Dobutamine-atropine stress Te-9%m sestamibi
SPECT imaging provides excellent prognosife information, The
single most important independent predictor for future hard
cardiac events is an abnormal pattern, and a reversible defect
provides additional, independent prognosiic Information. More-
over, {he extent and severity of reversible defects are major
deferminants for prognosis,

{J Am Coll Cardiol 1996;28:447-54)

Exercise testing provides important diagrostic and progrostic
information in patients with known or suspected coronary
artery disease (1), Additien of techretium-99m (Tc-%%m)
sestamibi single-photon emission computed tomographic
{SPECT) myocardial perfusion imaging has incremental value
for the diagnosis of coronary artery disease (2-4), and a recent
study also reported incremental prognostic value (5). However,
up to 40% of paticnts with chest pain are not able to exercise
adequalely {6}, which may significantly reduce the detection of
coronary disease. In contrast to exercise siress testing, dobu-
tamine-atropine stress Tc-99m sestamibi SPECT imaging is
not dependent on the fevel of exertion achieved, It is increas-
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ingly used as an alternative stress technique (in particular, in
patients with contraindications for vasodilator stress), and
several investigators have reported that it is an accurate
method for the detection of coronary artery disease (7-12).
However, to date ro study has assessed the prognostic value of
this stress modality. Therefore, we studied a large, unsefected,
consecutive group of patients with chest pain, umable to
perform an adequate exercise test, with dobutamine-atropine
Te-99m sestamibi SPECT myocardial perfusion scintigraphy.
We hypothesized that abnormal sestamibi scan results carry an
increased risk of subsequent cardiac events and that this risk is
proportional to the extent of the abnormalities ard the pres-
ence of reversible perfusion defects.

Methods

Patient selection, Over a 4-year period,.between Novem-
ber 1990 and October 1994, 418 consecutive patients with chest
pain were referred to the nuclear cardiology laboratory at the
Thoraxcentre for the evaluation of suspected myocardial isch-
emia with dobutamine-atropine Te-99m sestamibi SPECT
imaging. All patients were unable to perform an adequate
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exercise test, and none had undergone prior heart transplan-
tation or had significant congenital or valvular heart disease,
primary dilated cardiomyopathy, recent (<3 months) angio-
plasty or unstable angina, Twenty-six patients with early elec-
tive coronary revascularization within 60 days after siress
testing were excluded from the analysis. None of these 26
patients sustained a major cardiac event before coronary
revascularization, The mean age of the remaining 392 patients
was 60 * 12 years {range 23 to 85), 220 were men (56%), 190
(48%) had a previous myocardial infarction, and 43 (11%)
were known to have coronary artery disease without myocar-
dial infarction. Ninety-five patients (24%) had typical angina,
196 (50%) had atypical angina, and 101 (26%) had nonanginal
chest pain, At the time of the study, 279 patients (71%) were
receiving antianginal therapy, including beta-adrenergic block-
ing agents in 161 patients {41%), administrated either alone in
43 (11%) or in combination with nitraies or calcium channel
blocking agents, or both, in 118 patients (30%).

Dobutamine-atropine siress fest, After routine prepara-
tion, a rest electrocardiogram (ECG) was obtained, intrave-
nous access was secured and dobutamine was administered
intravenously by an infusion pump. The infusion rate was
10 ug/kp body weight per min for 3 min, increasing by 10 pg/kg
per min every 3 min up to a maximum of 40 ug/kg per min. In
patients not achicving 85% of their predicted maximal heart
rate for their age and gender and without symptoms or signs of
myocardial ischemia, atropine was administered in addition to
the maximal dose of dobutamine, starting with 0.25 mg intra-
venously and repeated up to a maximum of 1.0 mg within 4 min
with continuation of dobutamine infusion, Throughout dobut-
amine infusion the BCG (3 leads) was continuously monitored
and recorded (12 leads) at 1-min intervals. The fevel of ST
segment shift was caleulated, after signal averaging, by a
computer-assisted system {Cardiovit CSG/12; Schiller, Baar,
Switzerland). Blood pressure was measured and recorded by
sphygmanometry every 3 min. Reasons for interruption of the
test were horizontal or downsloping ST segment depression
>0.2 mV at an interval of 80 ms after the J point compared
with baseline, ST segment elevation >(.1 mV in patients
without previous myocardial infarction, severe angina, a symp-
tomatic reduction in systolic blood pressure (>40 mm Hg from
baseline}, hypertension (blood pressure >240/t20 mm Hg),
significant cardiac tachyarrhythmias and any serious side effect
regarded as being due to dobutamine. Metoprolol was avail-
able and used to reverse the effects of dobutamine if they did
not revert spontancously and quickly.

Perfusion imaging. At peak stress, 370 MBq of Te-99m
sestamibi was injected intravenously while dobutaming infu-
sion was continued for at least I min. Stress scintigraphic
images were acquired on average 1 I after the termination of
the dobutamineg infusion. For rest studies, patients were rein-
jected with 370 MBg of Te-99m sestamibi at least 24 h after the
stress study. Image acquisition was done with a Siemens
Gamimasonics single-head Osbiter camera. For each study six
oblique (short-axis) slices were defined from the apex to the
base and three sagittal (vertical long-axis) slices from the

septum to the lateral wall. To compare the stress and rest
studies, each of the six short-axis slices was divided into eight
cqual segments. The septal part of the two basal slices (four
segments) was not evaluated because this region corresponds
to the fibrous portion of the interventricular septum and
nomnally exhibits reduced uptake. The apical region was
assessed from the three central sagittal cross sections. A total
of 47 segments/patient were analyzed. All tomographic views
were reviewed in side-by-side pairs (stress and rest} by two
expericnced observers who were unaware of the patient’s
clinical history and other stress resulls. In case of disagree-
ment, a third investigator reviewed the images and a majorily
decision was made, Subsequently, the 47 scgments were
grouped into six major segments: anterior, septum anterior,
septum posterior, inferoposterior, lateral and apical. The
myocardial uptake of radiotracer was evaluated visually (with
the assistance of circumferential profiles analysis, including the
normal valees) for each of the six major segments during both
rest and stress with a four-point scoring method {0 = normal;
1 = equivocal or minimally reduced uptake; 2 = moderately
reduced uptake; 3 = severely reduced or absent uptake}. Scan
resulls were initially characterized as ebnomial or nornal. Scan
results were considered normal in the absence of any defect or
the presence of only equivocal defects. Abnormal scan results
were further classified as demonstrating fived defects {rest
perfusion defecis) or reversible defects (perfusion defects dur-
ing stress that partially or totally resolved at rest). To measure
the influence of the extent and severity of the perfusion defect,
a fived defect score was calculated by summing the fived
perfusion defects, according to a 6 (extent) X 4 (severity) point
model (range 0 to 18); similarly, a reversible defect score was
calenlated by summing the reversible perfusion defect scores,
Subsequently, this latier score was corrected for stress level by
dividing it by the following correction factor: percent target
heart rate reached times peak systolic blood pressure divided
by 100. Patients with a zero reversible defect score were
classified into a low stress level group (correction factor <1.6)
and a high stress level group (correction factor >1.6). This
cutoff value was chosen to classify patients with zero scores into
fwo equally sized groups.

Follow-up. Follow-up data were obtained over 22 *+ 13
months (range 6 to 54) by cutpatient clinic assessment, review
of case notes and contacting fhe patiemt, general practitioner
or other hospitals when necessary. Outcome events were
cardiac death, ronfatal myocardial infarction and revascular-
ization {coronary artery bypass graft surgery or percutancous
transluminal coronary angioplasty). Cardiac death was defined
as a death temporally associated with a known or suspected
acute myocardial infarction, life-threatening arrhythmia or
pulmonary edema. Unexpected death without an identified
noncardiac cause and heart transplantation were also consid-
ered as cardiac death, Occurrence of an acute myocardial
infarction was confirmed using standard clinical and ECG
criteria and when total creatine kinase (CK)} enzyme levels
exceeded twice normal. Hard cardiac events (cardiac death
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Table 1. Clinical and Stress TFest Data for 392 Study Patients (hard
cardiac ¢vents)

Table 2, Clinical and Stress Test Data for 392 Study Patients {all
cardiac events)

No Cardiac No Candizc
Event Cardiac Event P Events Cardiac Events p
(o =M8) (o= 44) Value (o =314 {n=18) Value

Age >Thyr o (1550) 12 (21%) 0.0804 Age >T0 yr 61 {19%) 15 {15%} 0.5E56
Male 187 (54%) 3 (15%) 00037 Male 167 {5357 $3(68%) 0,009
Rick factors Risk factors

Lrabetes 30{1455) 9{20%) 0.1440 Diabetes 46 {1355) 13 (1755} 0.3281

Hypercholesterolemia 89(26%) 9 (206%) 0.7698 Hypezcholesterolemia 80{(25%) 18 (23%) 0.6692

Hypertension 146 (4250) 22(507%) 0.1550 Hypestension 132(42%) 36 (405%) 02557

Smoking 95 (25%) 15 (34%) 02958 Smoking 87(28%) 24 (31%) 02958
History History

Myocardial infarction 160 (46%%) 30 (68 0.0028 Myocardial infarction 138 (44%) 52(67%) 0.0002

Congestive heart failure 59 (17%) 17 (39%) 0.0003 Congestive heart failure 53(175%) 23(29%) 0.0059

Revascularization 105 (300%) 17(39%) 0.1269 Revascalarization B3 (284%) 34 (44%) 0.0040

Typical angina £0(23%) 15(14%) 0.0529 Typical angina 61 (194} 31 (44%) 0.0000
Stress fest Stress test

Angina during stress 86 (25%) 16 (36%) 0.0487 Angina during stress TH(23%) 2(37%) 0.0061

ST-F wavs changes 57(16%) H(25%) 00776 ST-T wave changes 47(15%) 21(27%) 00063
MIBI scan patlem MEBI scan pattem

Abnormal 220 (53%) 52 (95%) 0.0000 Abnormal 190 (61%) 72 (92%) 0.0000

Fixed defect 169 (49%) 33 (75%) 0.0005 Fized defect 146 (465%) 56(12%) 0.0000

Reversible defect 130 (37%) 30465%) 0.0000 Reversible defect 108 (5%} 52(675%) 0.0000

Data presented are number (%) of patients. MIBIL = technetium-99m
sestamibi.

and nonfatal myocardial infarction) and all cardiac events
(hard events or revascularization) were analyzed as end points.

Statistical analysis. Values were expressed as mean
value * SD, when appropriate. Comparison (two-ailed} of
patients with and without cardiac events was performed with
the Student 1 test for continucus variables and chi-square test
for discrete variables. Differences of p < 0.05 were considered
significant. Multivariate logistic regression using the BMDP
package (13} was performed lo identify factors that were
refated to events. A forward and backward stepping algorithm
was used with p < 0.05 to identify the independent predictors
for both hard and all events. Baseline variables tested were the
clinical and stress test variables, as displayed in Tables 1 and 2.
Odds ratio and 95% confidence intervals were calcutated for
variables used in the multivariate model. Kaplan-Meier life-
table estimates of infarction-free survival {susvival without
cardiac death or nonfatal myocardial infarction) and event-
free survival (survival without cardizc death, nonfatal myocar-
diat infarction or revascularization) were used to summarize
the follow-up experience and to clarify presentation.

Results

Dobutamine-atropine stress test. Hemodyuamic results,
end paints and side effects. The maximal dobutamine dose used
was 0 pghkg per min in 1 patient, 20 ug/kg per min in 5
patients, 30 pg/kg per min in 56 patients and 40 gg/kg per min
in 330 paticnts. Atropine was added in 169 patients {43%) and
was more often used in patients receiving beta-blockers {108 of
161 with vs, 61 of 231 without beta-blockers, p < 0.0001). In

Format as in Table 1.

the overall group, dobutamine-atropine increased heart rate by
65 % 15 beats/min fo a peak heart rate of 135 * 17 beats/min,
systolic blood pressure by 10 + 27 mm Hg to a peak pressure
of 148 * 31 mm Hg and rate-pressure product by 10,332 *
3,764 mm Hg X beats/min to a peak rate-pressure product of
20,025 * 4,848 mm Hg X beats/min.

Target heart rate (85% of maximum for age and gender}
was not reached in 77 tests (209%) either after the maximal
dobutamine-atropine dose had been given in 28 patients (7%)
or when prematurely stopping the test in 49 patients (14%).
The test was prematurely stopped in patients because of angina
in 33, ST segment changes in 3, hypertension in 3, symplomatic
hypotension in 4, nonsustained ventricular tachycardia in 3,
anxiety in 2 and headache in 1. Most patients not reaching their
target heart rate because of an insufficient dose of dobutamine-
atropine were on beta-blockers (22 of 28 with vs. 6 of 28
without beta-blockers, p < 0.0001). Nondiagnostic tests {target
heart rate not reached in the absence of reversible perfusion
defects) were present in 30 patients (8%). Tachyarrhythmias
during dobutamine infusion or recovery were not uncommon;
10 patients (39) had supraventricular tachycardia, and 17
(4%) had (nonsustained) ventricular tachycardia. Apart from
angina (induced in 102 patients [26%]), side effects were
unusual and minor {side effects occurring in >5% of patients
were chills in 5%, headache in 6% and nausea in 5%). Three
hundred twenty-two patients (82%) were free of any side effect
{not considering angina}.

Distribution of imaging patterns. One hundred thirty pa-
tients (33%) had normal (or equivocal in 30) scan results,
and 262 (67%) had abnormal results, Scan abnormalities
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Figure I. Kaplan-Meier infarction-free survival curves in patients with
rormal scan results, fixed defects alone, reversible defects alone and
mixed defects. Infarction-free survival was significantly lower in pa-
tients with fixed defects alone {p < 0,001), reversible defects alone
(p < 0.0801) and mixed defects (p < 0.0001) than in those with normal
scan resubts. The number of patients available for foliow-up at 0, 1, 2
and 3 years, respectively, was 130, 109, 46 and 28 in the subset with
normat scan resulls; 102, 74, 32 and 17 in the subset with fixed defects
alone; 64, 48, 26 and 9 in the subset with reversible defects afone; and
100, 76, 34 and 20 in the subset with mixed defects.

included fixed defects alone in 102 patients (26%), reversible
perfusion defects alone in 60 {15%) and fixed plus reversible
defects {or partially reversible defects) in 100 (26%). In total,
202 patients (52%) had fixed defects, and 160 (41%) had
reversible perfusion defects.

Clinical outcome. The mean follow-up period was 22 = 13
months for patients with and without reversible defects, Eigh-
teen patients {5%) had an “incomplete” follow-up, 13 because
of noncardiac death (cancer in 8, pneumonia in 2, acquired
immune deficiency syndrome in 1, complicated hip fracture in
1 and myelodysplasia in 1) and 5 because of geographic
relocation. Cardiac events occurred in 78 patients, 44 of whom
had hard cardiac events {nonfatal myocardial infarction in 17
and cardiac death in 27).

Prediction of evenis fromi clinical and siress test resulfs.
Univariate analysis. In Tables | and 2 the clinical and stress
test data in patients with and without hard and all cardiac
events are summatized, Clinical variables associated with hard
cardiac events were male gender, a history of myoccardial
infarction and a history of congestive heart failure. Clinical
variables associated with all cardiac events were male gender
and history of myocardial infarction, coronary revasculariza-
tion, congestive hear! fatlure or typical angina, Apart from
peak heart rate in patients with any versus without any event
{132 £ 18 vs. 136 = 17, p < 0.05), no hemedynamic variable
{rest and peak heart rate, blood pressure and rate-pressure
product} was associated with an increased rate of hard or all
cardiac events. Of the other stress test variables, siress-induced
angina was asscciated with both hard and all events and ST-T
wave changes were only associated with all cardiac events.
Sestamibi scan patterns associated with both hard and all
cardiac events were the presence of abnormalities on the scan

Event-Fran
Survival

100%
80%
0%
0%
60%

— -« HNormal scan Vommeaeen
50%{ o fixed defoct alons (p<0.008)
40% -+ fevarsible defect alone {p<0.0061)

30% Fixed and Reversible defects (p<0.0001)

—T T 1

1 2 3
Follow-up in Years

<

Figure 2. Kaplan-Meier ¢vent-free survival curves in patients with
rormal scan results, fixed defects alone, reversible defects alone and
mixed defects. Event-free survival was significantly lower in patients
with fived defects afone (p < 0.081), reversible defects alone (p <
0.0001) and mixed defects (p < 0.0001) than in those with normal scan
results, The number of patients avaitable for follow-up at 0, 1, 2 and 3
years, respectively, was 130, 105, 44 and 27 in the subset with normal
scan results; 102, 69, 29 and 15 in the subset with fived defecis alone;
60,39, 23 and 8 in the subset with reversible defects alone; and 160, 62,
25 and 15 in the subset with mised defects.

(any perfusion abnormality), fixed perfusion defects and re-
versible perfusion defects,

The infarction-free and event-free survival curves in pa-
tients with normal scan results, fixed defects alone, reversible
defects alonc and mixed (fixed and reversible) defects ate
depicted in Figures 1 and 2. Normal scan results were associ-
ated with a favorable prognosis over the follow-up period, with
an annual event rate of 1.8% for hard events and 2.5% for oll
events, In contrast, patients with fixed defects alone, zeversible
defects alone and fixed plus reversible defects had a signifi-
cantly increased cardiac event rate of 6.8%, 8.1% and 11.6%,
respectively, for hard events, and 11.4%, 14.5% and 19.9%,
1espectively, for all events. Compared with rormal scan resulls,
reversible perfusion defects alone increased the risk for future
hard events tenfold and for all events sixfold. Compared with
fixed defects alone, fived plus revessible perfusion defects
increased the risk for both hard events and all events twofold,

Multivariate analysis, addition of perfusion scintigraphy to
clinical data. Tables 3 and 4 summarize the results of univar-
iate and muitivariate (stepwise logistic regression) analysis of
clinical and stress test data to predict subsequent hard and all
cardiac events, Multivariate analysis of clinical variables (Table
3, Clinical Data) revealed male gender {odds ratio [OR] 2.3,
95% confidence interval [CI] 1.1 to 4.7) and a histery of
congestive heart failure (OR 2.7, 95% CI 14 to 54) as
independent predictors of subsequent hard cardiac events. The
addition of scan patterns to this analysis was performed
according 1o two different models. In the first mode] (Table 3,
Model 1} the only scan pattern variable entered was the
presence of an “abnormal scan” {any abnormality), and in the
second modef {Table 3, Model II) the presence of a fixed or
reversible perfusion defect was separately included. A history
of congestive heart failure (OR 2.0, 95% CI 1.0 ta 3.9) and
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Table 3. Association by Univarfate and Multivariate Analysis of Clinical and Stress Test Data With
Hard Cardiac Events: Odds Ratios (95% confidence intervals)

Multivariate Analysis of Clinical and Stress Test Data

Univariate Clinjeal
Analysis Data Model 1 Medel It
Clinical data
Age »T0yr [6{0.8-24)* * ! 2.1 (1.0-44)
Male 26(1.3-53) 23(L1-4.7) . +
History of infarciion 25(1.3-4.9) ' ' .
History of revascularization 15(0.8-2.8)* ' ' '
History of heart failure 3.1(16-6.0) 2T(14-5.4 20(1.0-38) 26(13-52)
Typical angina 17{0.9-3.4)* ¢ * '
Stress test data
Angina 1.7 (09-34) — ' ¢
ST-T wave changss L7{08-3.6) - ’ *
Scan zbnormalities 122(29-513) — 100(2.3-430) —
Fited defect 32(16-65} — — *
Reversible defect 3.6 (1.8-7.0) — — 3.2(1.6-64)

*pvalue not significant, In model 1, scan variables included scan abnormalitics. En model IT, pattern variables included
fived defect and reversible defect and excluded scan ebnormalities. — = variable excluded.

abnormal scan results (OR 10.0, 95% CI 2.3 to 43.0) in model
I were independent predictors of hard cardiac events. Tn model
i, older ape (OR 2.1, 95% CI 1.0 to 4.4) and reversible
perfusion defects {OR 3.2, 95% CI 1.6 to 6.4) were indepen-
dent predictors of hard cardiac events.

For all cardiac events {Table 4), the clinical variables
history of myocardial infarction (OR 2.9, 95% CI 1.7 to 5.1)
and typical angina (OR 3.3, 95% CI 1.9 to 5.7) were indepen-
dent predictors in the clinical model. In model I, independent
predictors were history of typical angina (OR 3.2, 95% CI 1.9
to 5.6) and abnormal scan results (OR 7.9, 95% Ci, 3.3 to
18.9). In model 11, a history of typical angina (OR 2.9, 95% CL
1.7t0 5.1}, fixed perfusion defects {OR 2.5, 95% CI 1.4 to 4.4}
and reversible perfusion defects (OR 3.1, 95% CI 1.8 to 5.4)
were irdependent predictors of all cardiac events.

Extent and severity of perfusion defects and prognosis. As
described in the legend to Figure 3, 162 patients had a fixed
perfusion defect score of zero, 114 had a score of ong to three,
10 of four to six, 27 of seven to nine and 19 of ten or higher. At
the end of the follow-up period, the annual hard event rate for
patients with these fixed perfusion defect scores were 3.3%
{mean follow-up 23 months), 5.0% (23 months), 8.1% (21
menths), 11.5% (23 months) and 36.4% (12 moaths), respec-
tively. For all events, these numbers were 5.6%, 13.2%, 13.0%,
17.2% and 36.4%, respectively. As seen in the legend to Figuse
4, 100 paticats bad a stress level corrected reversible perfusion
defect zere score with “high stress” {correction factor >1.6),
109 patients had a zero score with “low stress” (correclion
factor <1.6), 109 had a score of one or (wo, 62 of three or four
and 21 of five or higher. At the end of the follow-up period, the
annual hard event rate for the different reversible perfusion
defect scores was 2.1% (mean follow-up 2I months), 5.0% (23
monihs), 5.5% (22 months), 13.0% (22 months) and 14.6% (20
months), respectively. For all evenis, these numbers were
4.2%, 1.8%, 11.5%, 20.9% and 26.3%, respectively.

Discussion

The prese study addressed the progrostic value of
dobutamine-atropine stress Te-99m sestamibi SPECT imaging
in patients referred with chest pain and suspected myocardial
ischemia. Dobutamine stress is frequently used in conjunction
with echocardiography and has been shown to provide impor-
tant prognostic information (14). However, to our knowledge,
no information is avaitable when dobutamine stress is used in
conjarction with perfusion imaging. The main finding of this
study is that, in patients with chest pain who are unable to
perform an adequate exercise lest, the test provides useful
progrostic information in addition to clinical data.

Stress technique, Dobutaming is a synthetic sympathomi-
metic amine that stimulates beta,, beta, and alpha, receptors.
As aresult, there is a marked inotropic response (mediated by
both alpha; and beta; receptors), a modest chronotropic
response (mediated by beta, receptors) and a minor increase
in systolic blood pressure (due to alpha;- and beta;-mediated
increase in cardiac cutput and relative stable peripheral vas-
culature tonus, mediated by alpha; vasoconstriction and beta,
vasodilation) (15). As a result of this augmentation of myocar-
dial contractility, heart rate, left ventrictlar pressure and wall
stress, more oxygen is required. Normally a dose-refated
increase in subepicardial and subendocardial blood ftow cecurs
within myocardium supplied by normal coronary arteries
(16,17). However, blood flow increases minimally within vas-
cular beds supplied by significanily sienosed arteries, with most
of the increase occurring within the subepicardium rather than
the subendecardivm (16). This heterogeneity in myocardial
blood flow between normal and abaormal perfused areas can
be visualized by Tc-99m sestaniibi myocardial perfusion scin-
tigraphy.

Although direct vasodilators (dipyridamole and adenosine)
are believed to be superior in creating blood flow heterogene-
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Table 4. Association by Univariate and Multivariate Analysis of Clinjcal and Stress Test Data With Afl
Cardiac Events: Odds Ratios (95% cenfidence intervals)

Multivariate Anatysis of Ctinical and Stress Test Data

Univariats Clinical
Analysis Data Wodel 1 Model H

Ciinical data

Age >T0gr LO{0.5-19)* . . '

Malke 1.9{1.1-32) * + *

Ristory of infarction 25{15-43) 2.7(1.6-43) * *

Histozy of revascutarization 20{1.2-3.3) * * *

Histozy of heart failure 21{12-35) * * !

Typical angina 32(15-54) 33(19-5.7) 32(19-56) 29(17-5.1)
Stress test data

Angina 20(1.2-33) - . +

ST-T wave changes 2.1(1.2-38) — ‘ *

Abnermal scan 18(3.3-18.6) — T9(33-189) —

Fined defect 29(1.7-5.0) — — 25(14-44)

Reversible defect 38(2.3-65) — — 3.1(1.8-54)

Format as in Table 3.

ity (16), dobutamine Tc-%9m sestamibi SPECT imaging has a
good accuracy for the detection of coronary artery discase
when used in conjunction with perfusion scintigraphic tech-
niques. Pooled data from six published studies in 380 patients
{7-12) show a sensitivity of §4% and a specificity of 71% for
the detection of coronary artery disease. Moreover, a direct
comparison by Marwick et al. (I8) between vascdilator and
dobutamine for Tc-99m sestamibi myocardial perfusion scin-
tigraphy in 97 patients yielded similar diagnostic accuracies of
the two stress agents. Thus, dobutamine can be regarded as an
excellent alternative stress agent in patients unable to perform
adequate exercise, in particutar in those patients with relative
contraindications for vasodilator stress {mainly patients with
obstrctive airway disease) or in patients who have ingested
caffeine or aminophylline shortly before undergoing myocar-
dial perfusion stress imaging.

Safety and feasibility. As shown in other (echocardio-
graphic) studies (19-21), dobutamine-atropine stress is a safe

Figure 3. Histogram showing the annual ¢vent rate for hard events
fopen bars) and all events (hatched bars) according to extent and
severity score of fixed perfusion defects. The number of patients ia
each category was 162, 114, 70, 27 and 19, respectively.

40%
30%
20% )

0%

Annual event rate

0% -
Q 1.3 46 79 8

Fixed perfusion defect score

and feasible stress methed in patients with chest pain. In this
study, there were no serious side effects like sustained ventric-
ular tachycardia, ventricular fibrillation, myocardial infarction
or death. The feasibility of the test was also high, as only 30
patients (8% had & nondiagnostic test and 322 patients (82%)
were free of any side effect.

Prognostic value, The present siudy indicates that patients
at greater risk for hard or all cardiac evenis can be identified
from a stable chest pain population by virtue of their clinical
{older age, male gender and history of myocardial infarction,
revascularization procedures, congestive heart failure or typi-
cal angina) and scintigraphic (abnormal scan results, fixed or
reversible perfusion defects) profite.

The single most important independent predictor of subse-
quent events was abnormalities on the perfusion study {(any
abnormality); such an abnormal finding increased the risk for
subsequent hard cardirc evenis tenfold and for all evenis

Figure 4. Histogram showing the anaual event rate for hard events
(open bars) and all events (hatched bars) according to the (stress level
[highlow] corrected) extent and severily score of reversible perfusion
defects. The number of patients in each category was 100, 00, 109, 62
and 21, respectively.

40% 7
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eightfold. A normal scan conferred a good prognosis and
idemtificd 33% of the subgroup that was at a very low risk for
hard events (annual event rate 0.8%) and fow risk for all events
{annual event rate 2.5%). Furthermore, an ischemic pattern
provided additional, independent prognostic value. Compared
with patients without ischernia, these patients had a threefold
increased risk for both hard and all events.

Prognostic value according te extent and severity of perfu-
sion defects. This study clearly shows a direct relation between
the extent and severity of the perfusion defects and prognosis.
Several other investigators, using mainly exercise planar or
SPECT thallium-201 imaging, have described a relation be-
tween the extent of the perfusion defect and subsequent
coronary events (22-25). In particufar, the degree of hypoper-
fusion on SPECT imaging, with its ability to provide much finer
segmental analysis, avoiding the praoblem of superimposition
that occurs with planar imaging, is directly related to the extent
of the myocardium either already destroyed by a previous
infarct or ischemic but viable and at risk for necrosis, Although
the extent of coronary artery disease is an important prognostic
indicator {26), sestamibi SPECT imaging represents the func-
tional significance of the stenoses, a factor which may be
superior to angiographic data (27),

Comparison with other sestamibi studies. In comparable
patient populations, most published data regarding Te-99m
sestamibi in combination with other stress techniques found
striking similar results, Stratmann et al (5) reporfed the
prognostic value of exercise Te-9%m sestamibi imaging in 521
patients, During multivariate analysis, abnormal scan results
{OR 11.9, 95% CI 1.6 to 89.4) and reversible defects (OR 2.9,
95% CI 1.2 to 7.0) were the only independent predictors of
hard cardiac events, Patients with normal scan results had an
annual event rate of 0.4%. In another study by Stratmann et al,
{28}, comparable prognostic results were reported for dipyrid-
amole Tc-9%m sestamibi imaging in 308 patients. Patients with
rormal scan results had an annual event {unstable angina,
nonfatal myocardial infarction or cardiac death) rate of 1.7%.
Several studies focused on the predictive value of normal
Te-99m sestamibi imaging for the prediction of hard cardiac
events. Both exercise (29,30) and dipyridamole (31) studies
found annual event rates <[%,

Study limitations, Although recurrent angina may be a
marker of ischemia, the subjective nature of this symptom, as
well as influence by medication usage and other factors, makes
this a potential unreliable end point of progaostic testing.
Furthern:ore, the decision to perform coronary arteriography
and subscquent coronary artery bypass praft surgery is fre-
quently influenced by individual physicians’ biases and may
also be affected by the presence of abnormal findings on the
stress study. Therefore, we excluded patients with early elec-
tive revascularizations and we analyzed the “hard” events
(nonfatal myoccardial infarction and cardiac-related death)
separately. Because there is limited angiographic information
available, our study does not permit assessment of the speci-
ficity and sensitivity of dobutamine stress sestamibi perfusion

scintigraphy for the detection of significant coronary adtery
disease.

Increased lung radiotracer uptake, a prognostic marker in
previous scintigraphic studies (32) was zlso not available in the
current Te-99m sestamibi tomographic investigation. The in-
terpretation of the SPECT images was semiquantitative. This
type of analysis, however, is still the most frequently used in
daily clinical practice. Antianginal medications were not rou-
tinely withheld before stress testing; we believe this also
reflects daily clinical practice.

Conclusions, In patients unable to exercise adequately,
with chest pain and suspected or known corenary disease,
dobutamine-atropine stress Tc-%%m sestamibi SPECT perfu-
sion imaging is a safe and feasible stress technique. The test
provides useful prognostic information, probably comparable
with exercise or dipyridamole stress Te-99m sestamibi imaging
studies. The single most important independent predictor of

“both hard (nonfatal myocardial infarction or cardiac death)

and all {(hard events or revascularization procedures) cardiac
events is an abnormal perfusion pattern (any abnormality); the
presence of a reversible perfusion defect provides additional,
independent prognostic information. Moreover, the extent and
severity of the perfusion defects are major determinants for
Prognosis.

We thank Joyee Postma-Tjoa, nuclear medicine technician, for invatuable help in
maictzining the data base.
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CHAPTER 10

Prognostic Implications of a Normal
Dobutamine-Atropine Stress Echocardiogram
in Patients with Chest Pain

Marcel L. Geleijnse, MD, Abdou Elhendy, MD, PhDD, Ron T. van Domburg, MSc, PhD,
Jan H, Comel, MD, PhD, Jos R T. C. Roclandr, MD, PhD, and Paole M. Fioretti, MD, PhD,
Rotterdam, The Netherlands

To assess the prognostic significance of 4 normal dobu-
tamine-atropine stress echocardiogram in refation to
the pretest probability of coronary artery disease
(CAD), 200 consecutive patients (86 men and 114
women, mean [SD] age 59 [13] years) with a stable
chest pain syndrome and a normal dobutamine-atro-
pine stress echocardiogram were followed-up for 21 =
16 months. Qutcome events were cardiac death, non-
fatal myocardial infacction, and coronary revasculariza-
tion procedures, Low (<10%), intermediate (10% to
80%), and high (>80%) pretest probabilitics of CAD
were present in 27 (14%), 108 (54%), and 65 (33%)
patients, respectively. During follow-up, 2 patients
{annual event rate 0.6%) had cardiac death, none had
nonfatal myocardial infarction, and 4 padents {(annuai
event rate 1.1%) underwent a coronary revasculariza-
tion procedure. All patients with cardiac events had

Dobutaminc stress echocardiography is increasingly
used as a noninvasive diagnostc procedure for the
evaluation of patients with a stable chest pain syn-
drome, The diagnostic accuracy of this stress modal-
ity for the detection of coronary artery disease (CAD)
has been examined previously, and the results of this
test are believed to reflect the functional significance
of CAD.! A more far-reaching use of the method,
however, is in risk stratification. Normal stress echo-
cardiograms may identify a group of patients at low
risk for future cardiac events, who would be psycho-
logically reassured and in whom no further tests are
required, Previous studies analyzed only small subsets
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high pretest probabilities of CAD. Patients with car-
diac death {but unproven significant CAD} had maxi-
mal tests without angina or ischemic electrocardio-
graphic changes. In contrast, all patients with
subsequent coronary revascularization had dobut-
amine-induced angina or ischemic efectrocardiographic
changes, and ail except one study were submaximal, We
conclade that patients with a stable chest pain syn-
drome and normal findings on dobutamine-ateopine
stress echocardiograms have an excellent cardiac prog-
nosis, However, patients with typical angina, high pre-
test probabilities of CAD, and stress-induced angina or
ischemic electrocardiographic changes, and in particu-
lar those with submaximal stress, still appear to be at
risk for functionally important CAD despite a2 normal
dobutamine-itropine stress echocardiogram. {7 Am Soc
Echocardiogr 1998;11:606-11.)

of patients with normal studies,*? included patients
with resting wall motion abnormalities,®® and did
not take into account the pretest likelihood of
CAD.2% Therefore, the purpose of the present study
was to evaluate the prognostic significance of nermal
dobutamine-atropine stress echocardiograms in pa-
tents with stable chest pain, in particular in relation
to the pretest likelihood of CAD,

METHODS

Patient Selection

We reviewed the results of all padents who underwent
dobutamine-atropine stress echocardiography for evalua-
tion of stable chest pain between November 1990 and June
1995, After exclusion of patiénts screened for preoperative
risk assessment, reported in a previously published study,®
those with clinically recognized valvular heart disease, con-
genital heart disease, previous heart transplantation, asyn-
chronous ventricular contraction (left bundle branch block,
electronically paced ventricles), and recent (<3 months)
angioplasty, 200 patients were identified with rormal rest
and stress echocardiogeams.
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Dobutamine Stress Echocardiography Test

A resting clectrocardiopram and echocardiogram were
made, intravenous access was secured, and dobutaming was
administered intravesiously by an infusion pump. Infusion
rate was 10 pg kg per minute for 3 minutes, increasing by
10 pgkg per minute every 3 niinutes up to a maximum of
40 pg/kg per minute. In patients not achieving 85% of
their theoretical maximal heart rate (220 minus age for
men, 200 minus age for women} and without symptoms or
signs of myocardial ischemia, atropine was administered in
addition to the maximal dose of dobutamine, starting with
0.25 mg intravenously and repeated up to 1 maxinum of
1.0 mg within 4 mimttes with continuation of dobutamine
infusion. Throughout dobutanine infusion the clectrocar-
diogram (3 leads} was continuously monitered and re-
corded {12 lcads) at L-minute intervals, The level of ST-
segment shift was calculated, after signal averaging, by a
computer-assisted system (Cardiovit CSG/12; Schiller,
Baar, Switzerland). Blood pressure was measured and re-
corded by sphygmonanometry or automatic device every 3
minutes. Reasons for interruption of the test were severe
and /or extensive new wall motion abnormalitics, horizon-
tal or downsloping $T-segment depression =>0.2 mV at an
interval of 86 msec atter the ] point compared with base-
line, 8T-segment elevation >0.1 mV in patients without
previous myocardial infarction, severe angina, a symprom-
atic reduction in systolic blood pressure >40 mm Hg from
bascline, hypertension (blood pressure >240/120 mm
Hg), sigaificant cardiac tachyarrhythmias, and any scdous
side effect regarded as being caused by dobutamine. Mcto-
prolol was available and used to reverse the effects of
dobutamine if they did not revert spontancously and
quickly.

For purposes of echocardiographic analysis, the left ven-
tricular wall was analyzed according to the standardized
16-segment model. All patients had a normal dobutamine-
atropine echocardiogram, defined as a study in which cach
segment showed normal systolic wall thickening and in-
ward endocardial miotion at bascline and a hyperdynamic
response during stress.

Pretest Likellhood of Coronary Disease

The pretest likelihood of CAD was calculated on the basis
of age, sex, and chest pain characteristics, by using tables
published by Diamond and Forrester.” atients were con-
sidered to have typical angina if they complained of subster-
nal discomiort that was precipitated by physical exertion
and relieved with rest or pitroglycerin within 10 minutes.
They were considered to have atypical angina if cheir dis-
comfort was ¢ither not substernal, not precipitated by
exertion, or not relieved by rest or nitroglycern. If ewo or
more of these characteristics were absent, patients were
considered to have nonanginal chest pain. Subsequently,
patients were divided into those with low pretest probabit-
ities of CAD (< }0%); intermediate pretest probabilities of
CAD (10% to 80%), and high pretest probabilities of CAD
(>80%). Arbitrary padents with previous myocardial infarc-
ton and /or known CAD were considered to have a 100%

Table 1 Historical and clinical data of the 200 study
patients

Patients
(n = 200} LT

Age 59+ 13
Male sex 86 43
Risk factors

Diaberes ES 8

Hypercholesterolenia 38 9

Hypertension 7t 36

Smoking 47 24
History

Myacardial infarction 22 Il

Revasculanzation 28 14
Chest pain type

Typical 45 23

Anvpical 85 43

Nonanginal 70 35
Medication used

B-Blocker 69 35

Nitrates 46 23

Calcium antagonists 51 26

pretest probabiliey of CAD and were included in the latter
probabilicy group.

Follow-up

Follow-up dara were obtained until August 1, 1995, by
outpatient clinic assessment and /or contacting the patent,
general praceitioner, and other hospitals when necessary.
Outcome cvents were cardiac death, nonfatal myocardial
infarction, coronary artery bypass surgery, and percutane-
ous transleminal coronary angioplasty. Cardiac death was
defined as a death temporally associated with a known or
suspected acute myocardial infarction, life-threatening ar-
rhythmia, or pulmonary edema, Unexpected death without
an identified noncardiac cause was also considered as car-
diac death. Oceurrence of an acute myocardial infarction
was confirmed by using standard clinical and ¢lectrocardio-
graphic criteria and when total creatine kinase enzyme
levels exceeded twice normal, Hard cardiac events were
defined as cardiac death or myocardial infarction.

Statistical Analysis

Values are expresscd as mean value * SD, unless specified.
Comparison of variables was performed with the Student ¢ test
tor continuous vartables and chi square test for discrete vari-
ables. Differences of p < 0.05 were considered significant.

RESULTS

Patient Characteristics

The historical and clinical data in the study paticnts
are shown in Table 1. There were 86 men (43%) and

114 women (57%); mecan (SD) age was 59 (13) years
(range 21 to 84). Of 40 padents {20%) with known
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Table 2  Clinical and stress vest data of patients with events

Pretest % of
Chest pain probabitity Maximal Dobutamine Steess Anglographic

Subject Agc, Sex type (%) HR ECG angina Event, time* disease

1 79.M Atypical 91 88 Normal 4 CD, 41 mo -

2 83, M Arypical 93 59 Normal 0 G, 24 mo —

3 a9, M TFypical 96 741 MNormat + CABG, 2Zmo 3 vessel

4 52, M Typical 91 561§ Nommal + CARG, 2mo 3 vessel

5 71 F Typical 1001 {1} Ischemic 0 CABG, 23 mo 3 vessel

[ 46, M Typical 100t &0# Eschemic 1} PTCA, 2 mao 1 vessel

CABG, Coronany arteey bypass grafting; CD, cardiac death; PTCA, percutancous teansluminal coronary angoplasty; +, present; 8, absent; —, not donc.
* Months afier echocardiographic evaluation; fhistory of myocardial infarction; tmavimal dose atropine §stress-induced sinus bradveardia.

CAD, 22 (11%) had history of myocardial infarction
and 28 (14%) had history of coronary revascularization
(12 patients had both myocardial infarction and revas-
cularization). Typical angina was present in 45 patients
(23%), atypical angina in 85 (43%), and nonanginal
chest pain in 70 {35%). At the ume of stress testing, 69
paticnts (35%) were using (3-blockers, 46 (23%) nitrates,
and 51 (26%) calcium antagonists.

Dobutamine-Atropine Stress Results

Atropine was added to dobutamine in 87 patients
(44%). During stress, heart rate increased from 71 =+
13 bpm up to 137 * 15 bpm, systolic blood pressure
from 138 + 22 mm Hgup to 147 * 28 mm Hg, and
double (rate-systolic blood pressure) product from
9823 *+ 2539 up to 20,185 * 4773 beats + mm
Hg/min. Target heart rate {85% of maximal) was not
reached in 21 tests {11%). In these tests, end points
were maximal dose dobutamine-atropine in 15 (14 of
these patients were using a $-blocker, p < 0.0001
compared with the other patients), angina in 4, symp-
tomatic hypotension in 1, and dobutamine-induced
sinus bradycardia in 1 patent. Typical angina was
induced in 37 patients (19%) and ischemic electrocar-
diographic changes in 14 patents (7%). Side effects
were unusual and minor.

Clinical Qutcome

The mean (SD) follow-up period was 21 {16) months
(range 1 to 57 months, median 18 months). Fol-
low-up was incomplete in 7 patients because of non-
cardiac death after 2 (cancer), 3 (sepsis), 3 {cancer), 3
(pneurnonia), 5 (cancer), 10 {cancer), and 13 (ilcus)
months of follow-up, respectively, These patients had
a 90%, 71%, 71%, 100%, 67%, 32%, and 30% pretest
likelihiood of CAD, respectively. Furthermore, fol-
low-up was incomplete in 3 patients because of geo-
graphic relocation after 20, 40, and 47 months, re-
spectively. These patients had a 100%, 33%, and 18%
pretest likelihood of CAD, respectively. During the
follow-up period, 2 padents (1%} had cardiac death

(unexpected death without an identified noncardiac
cause), no patient had nontatal myocardial infarction,
3 patients {1.5%) with unstable angina (necessitating
hospitafization) undenwent bypass surgery, and 1 pa-
tient ((0,5%) with crescendo angina underwent coro-
nary angioplasty (Table 2). Apart trom these 4 latter
patients, 14 additional patients with suspected CAD
undenvent coronary angiography (none of these pa-
tients had unstable angina}. Eleven patents had nor-
mal coronary artcries, and 3 had single-vessel CAD,

Cardiac Events and Pretest Likelihcod of CAD

The mean pretest probability of CAD was 55%, in
men it was 65%, and in women 47% (p < 0.001). As
seen in Figure 1, 27 patients (14%) had a low proba-
bility of CAD, 108 (54%) had an intermediate prob-
ability of CAD, and 65 (33%) had a high probability
of CAD (including 40 patients with previous myocar-
dial infarcdon and/or known CAD). All cardiac
events occwrred in patients with a high {>80%) pre-
test likelihood of CAD. Cardiac death occurred 2 or
more years after the test in a 79-year-old man with
atypical angina and a 91% probability of CAD and in
an 83-year-old man with atypical angina and a 93%
prabability of CAD (Table 2), Coronary bypass sur-
gery was performed in a 69-year-old man with typical
angina and a 96% probability of CAD, in a 52-year-
old man with typical angina and a 91% probability of
CAD, and in a 71-year-ofd woman with typical an-
gina and a 100% probability of CAD (history of
myocardial infarcdon). Coronary angioplasty was
performed in a 46-ycar-old man with typical angina
and a 100% probability of CAD (history of myocar-
dial infareton). The annual event rate for hard car-
diac events was 0.6% for the entire group, 0% for the
patients with a low or intermediate probability of
CAD, and 1.8% for paticnts with ahigh probability of
CAD. The annual cvent rate for all cardiac events was
1.7% for the entire group, 0% for the patients with a
tow or intermediate probability of CAD, and 5.3% for
patients with a high probabiliey of CAD.
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Figure ¥ Histogram showing distribution of events according to pretest likelihood of coro-
nary artery discase {CAD) in 200 study patients with chest pain and normal dobutamine-
atropine stress echocardiogram. CABG, Ceronary artery bypass gratting, PTCA, percutanzous
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Figure 2 IHistogram showing the distribution of events according to percentage of maximal
heart rate reached during stress in 200 study patients with chest pain and normal dobutamine-
atropine stress echocardiogram, CABG, Coronary artery bypass grafting; PTCA, percutaneous

transluminal corenary angioplasty.

Cardiac Events and Stress Test Variables

As seen in Figure 2, 21 patients (11%) reached <85% of
theorctcal maximal heant rate, 67 (34%) reached 85% 1o
90% of maximal, 45 (23%) reached 90% to 95% of
maximal, 34 {17%) reached 95% to 100% of maximal,
and 33 (17%) recached >100% of maximal. Both pa-
dents who had cardiac death had maximal tests (heart
rates of 88% and 89% of maximal, respectively), without
any sign or symptom of ischemia during stress, In con-

wrast, all except one padent with unstable or crescendo
angina and subsequent revasculasization procedures
had submaximal tests {(heart rates of 74%, 56%, and 60%
of maximal, respectively), and alf had at least one sign or
symptom of ischemia during stress (angina in two, isch-
emic electrocardiographic changes in two, and stress-
induced sinus bradycardia in one).® All patents with
submasximal stress and proven functionally important
CAD were receiving B-blockers during the cest.



{18

CHAPTER 10

DISCUSSION

Since its clinical introducton in 1986, dobutamine
stress echocardiography has been inereasingly used
for the evaluation of patients with suspected myacar-
diad ischemia. In a recentdy published review on 28
published studics, including a total of 2246 patients,
a mean sensitivity of §0% (95% confidence intervat
78% to 82%) and specificity of 84% (95% confidence
interval 82% to 86%} were reported.! The prognostic
significance of abnormal tests has been reported by
several authors,?® However, little is known about the
clinical significance of normal studies in patients with
a stable chest pain syndrome, in particular in relation
to the pretest probabilitics of CAD.

Our results indicate that the prognosis of pa-
tients with a stable chest pain syndrome and a
normal dobutamine-atropine stress echocardio-
gram is excellent, Hard cardiac events were rare
{annual event rate 0.6%) and did not occur earlier
than 2 years after the stress test. Although Loth
patients with cardiac death had high pretest prob-
abilitics of CAD, these events could not be pre-
dicted by a history of typical angina, submaximal
stress, or stress-induced angina or ischemic electro-
cardiographic changes. TProbably, these patients
died after the development of an ecclusive throm-
bus after the rupture of a mild, non-flow-limiting
coronary plaque, a coronary embolus, coronary
spasm, or idiopathic ventricular fibrillation. These
potential fatal mechanisms cannot be excluded by a
test screening for ischemia.® Furthermore, progres-
sion of (initial nonfunctional) CAD could have
played a role. Nevertheless, the observed annual
hard event rates in the groups of patients with low,
intermediate, and high pretest probabilities of dis-
case (0%, 0%, and 1.8%, respectively) were much
less than the expected annual event rate of these
patient groups, which were reported to be approx-
imately <1%, 3%, and 6%, respectively.!® Revascu-
{arization procedures, performed after the develop-
ment of unstable or crescendo angina, were also
uncommon {annual event rate 1.1%) and occurred
exclusively in patients with history of typical an-
gina, high pretest probabilities of CAD, and the
presence of stress-induced angina or ischemic elec-
trocardiographic changes. Moreover, in all except
one of these patients, stress was submaximal, Be-
cause in this subset of patients all submaximal
studies were associated with the concomitant use of
B-blockers, it should be advised—ar least in pa-
tientts with unknown or relatively benign coronary
anatomy—to discontinue these medications several
days before the test to achieve optimal results.!!

Comparisons With Other Studics

The rate of hard cardiac events after normal dobut-
amine stress echocardiography (studies without rest
and stress watl motion abnormalities) was addressed
in only two studies, In very small subsets, Mazeika et
al.? found in 26 high-risk patients an annual event
rate of 4% and Afridi ¢t al.? found in 40 paticnts an
annual event rate of 5%. The lower cvent rate re-
ported by our group can be explained by the addidon
of atropine to dobutamine, a stress combination
known to increase the sensitivity of dobutamine stress
echocardiography for the detection of CAD.? Severd
et al.’* reported for dipyridamale echocardiography
an annual cvent rate of 1.6% for hard cardiac events
and 2.9% for all cardiac events. In patients with
normal exercise echocardiographic studies, Ismail et
al.** reported an annual event rate of 1.4% for hard
cardiac events and 1.8% for all cardiac events. Sawada
¢t al.’¥ reported an annual event rate of 0.6% for hard
cardiac events and 1.7% for all cardiac events, This
lageer group found, in agreement with us, that the
majority of patients with events and proven signifi-
cant CAD had submaximal stress tests. The greater
susceptibility of stress echocardiography to submaxi-
mal tests compared with stress myocardial perfusion
imaging in diagnosing CAD was reported by several
authors.!!” Notwithstanding these observations,
the predictive value of normal stress echocardiograms
appears to be comparable to that of normal stress
perfusion scintigrams, 819

Limitations

The main lEmitations of this study are the relatively
small number of patents (# = 200} and the short
{mean 21 months) follow-up, Additionally, this study
was retrospective, and out-of-hospital myocardial in-
farction could be missed. Prospective studies with
larger cohorts of patients and extended follow-up are
needed to firmly establish the excellent prognostic
value of a normal debutamine-atropine stress echo-
cardiogram and to clarify the long-term prognosis.

*
Clinical Implications

Dobutamine-atropine stress echocardiography is cur-
rently used in an increasing number of laboratories
around the world. Many of the patients studied with a
stable chest pain syndrome may have normal echocar-
diograms, and these patients have an excellent cardiac
prognosis. However, patients with typical angina, high
pretest probabilities of CAI, and stress-induced angina
or ischemic electrocardiographic changes, and in partic-
ular those with submaximal stress, still appear to be at
risk for functonally important CAD despite a normal
dobutamine-atropine stress echocardiogram.
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CHAPTER 11

Cardiac Imaging for Risk Stratification With
Dobutamine-Atropine Stress Testing in
Patients With Chest Pain

Echocardiography, Perfusion Scintigraphy, or Both?

Marcel L. Geleijnse, MD; Abdou Elhendy, MD, PhD; Ron T. van Domburg, MSc;
Jan H. Comel, MD, PhD; Riccardo Rambaldi, MD; Alessandro Salustri, MD, PhD;
Ambroos E.M, Reijs, MSc; Jos R.T.C, Roelandt, MD, PhD>; Prolo M. Fioretti, MD, PhD

Background  Pharmacological stress echocardiography and
myocardial perfusion scintigraphy are used frequently for risk
stratification in patients with suspected myocardial ischemia.
However, their relative prognostic strength has never been
explored.

Methods and Results  Two hundred twenty consecutive pa-
tients with chest pain (mean age, 60£12 years; 124 men, 115
with previous myecardial infarction) were studied with dobu-
tamine-atropine stress echocardiography {(ECHO) and simul-
tanecus “Tc¢ sestamibi single photon entission computed
tomography imaging (MIBI), Ischemia was defined as deteri-
oration in left ventricular wall motion and reversible perfusion
defects, respectively. ECHO was positive for ischemia in 76 and
MIBI in 81 patients (agreement, 77%; x=.51). During fol-
low-up of 31+15 months, 24 patients had hard cardiac events
(nonfatal myocardial infarction or cardiac death). By univariate
analysis, age, history of congestive heart failure, and any
abnormality or ischemia on ECHO or MIBI were associated

with cardiac events. Multivariate analysis revealed that age,
abnormal ECHO {odds ratio [OR}, 18.9; 95% CI, 2.5 1o 146.0)
or MIBI (OR, 12.8; 95% CI, 1.7 to 98,3}, and ischemia on
ECHO (OR, 4.0; 95% CI, 1.6 to 9.9} or MIBI (OR, 3.0; 95%
CI, 1.2 ta 7.4) had independent predictive values. When ECHO
was used as a first option, the addition of MIBI to all
nonischemic ECHQG studies decreased the OR from 4.0 (95%
CT, 1.6 t0 9.9) to 3.8 (95% CI, 1.4 to 10.2). Addition of MIBI
confined to nenischemic ECHO studies in which target heart
rate was not attained (noadiagnostic studies) increased the OR
to a maximal 5.7 (95% CI, 2.2 to 15.0}. In contrast, the addition
of ECHO to nondiagrostic MIBE studies was not useful,

Conelusions Dobutamine-atropine ECHO and MIBI pro-
vide comparable prognostic information. The addition of MIBE
to ECHO may be useful in patienis with nondiagnostic ECHO
studies. (Circulation. 1997;96:137-147.)

Key Words e stress ¢ tests o echocardlography e
radioisotopes ¢ prognosis

isk stratification of patients with known or sus-

R pected coronary arlery disease is an important
goal of clinical cardiology.! In daily clinical
practice, several modalitics of stress testing are used for
this purpose, often in conjunction with cardiac imag-
ing.21* Among imaging modalities, myocardial perfusion
scintigraphy is currently the most widely used noninva-
sive technique for the functional and prognostic assess-
ment of patients with known or suspected coronary
artery disease,™!! [n particular in combination with
exercise stress, However, since up to 40% of the patients
referred for noninvasive evaluation of coronary artery
disease are unable to perform adequate exercise,” there
is a consensus that pharmacological stress tests are first
choice in a substantial number of patients. Echocardi-
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ography is well suited to be combined with pharmaco-
logical stress,'2 and there is a growing body of evidence
to indicate that pharmacological stress echocardiogra-
phy is as feasible and efficient as perfusion scintigraphy
for diagnostic purposes.'®'* However, it is unknown
which imaging modality should be preferred for risk
stratification. Therefore, the present study was under-
taken to assess the relative prognostic vafue of dobuta-
mine-atropine ECHO, MIBI, and their combination in
220 consecutive patients with chest pain and inability to
perform adequate exercise.

Methods

Study Group

Over a 3-year period, between November 1990 and Qctober
1993, 260 consecutive patients with chest pain underwent a
simultaneous dobutamine-atropine stress ECHO and MIBI
study. All patients were referred for pharmacological stress
testing because of inadequate exercise capacity, either proven
by previous nondiagnostic exercise testing or judged by the
referring physician, None of these patients had prior heart
transplantation, congenital or significant valvular heart disease,
known primasy dilated cardiomyopathy, or unstable angina.
Forty patients were excluded from final analysis: [4 with
technically inadequate echocardiograms at rest (11) or peak
steess (3), 2 with poor-quality scintigraphic images, 8 with
multiple tests (in these patients only the first test was consid-
ered), and 16 with early elective coronary revascularization
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Selected Abbreviations and Acronyms
CHF = congestive heart failure
ECHO = echocardiography
MI = myocardial infarction
MIBI = *=T¢ sestamibi SPECT imaging
OR = odds ratio
SPECT = single-photon emission computed tomography

within 60 days after stress testing. None of the [after patients
sustained MI before coronary revascularization. The mean age
of the remaining 220 patients was 60+12 years {range, 23 to
85); 124 were mien (569). One hundred fifleen patiends (52%)
had a previous MI and 26 patients (£29) had known coronary
artery disease without ML Fifty-two patients (249) had typical
angina, 117 (53%) had atypical angina, and 51 (23%) had
nonanginal chest pain. At the time of the study, 156 patients
(71%) were receiving antianginal therapy, including B-blockers
in 92 (42%), either administered alone in 2§ (13%) or in
combination with nitrates and/or calcium channel blockers in
64 (29%).

Dobutamine-Atropine Stress Test

After routine preparation, a resting ECG and echocardio-
gram were made, intravenous access was secured, and dobuta-
mine was administered intravenously by an infusion pump. The
initial infusion rate was 10 ug/kg per minute for 3 minntes,
increasing by 10 pg/kp per mintte every 3 minutes up to a
maximum of 40 pg/kg per minute, In patients not achieving
859 of their age- and sex-predicted maximal heart rate and
without symptoms or signs of myocardial ischemia, atropine
was administered in addition to the maximal dose of dobuta-
mine, starting with 0.25 mg intravenously and repeated up to a
maximum of 1.0 mg within 4 minutes with continuation of the
dobutaming infusion.’s Throughout dobutamine infusion the
ECG (3 leads) was continuously monitored, and a 12-lead ECG
was recorded at I-minute intervals. The level of ST-segment
shilt was calculated, after signal averaging, by a computer-
assisted systern (Cardiovit CSG/12; Schitler). Blood pressure
was measured and recorded by sphygmomanometry or auto-
matic devieg every 3 minutes. Reasons for interruption of the
test were horizontal or doewnsloping STF-segment depression of
>0.2 mV at an inferval of 80 ms after the J-point compared
with baseline, ST-segment elevation of >0.1 mV in patients
without previous MI, severe angina, a symplomatic reduction
in systolic blood pressure >40 mm Hg from baseline, hyper-
tension (blood pressure >240/120 mm Hg), significant cardiac
tachyarrhythmias, and any serious side effect that was regarded
to be a result of dobutamine. Metoprolol was available and
used to reverse the effects of dobutamine if they did not revert
spontaneously and quickly.

Echocardiographic and Perfusion
Scintigraphic Imaging

Echocardiographic analysis of the left ventricular wall was
performed according to a 16-segment model.’¢ Both systolic
wall thickening and inward endocardial motion were visually
evaluated, and each segment was graded on a 5-point scoring
system {1, normal; 2, mild hypokinesis; 3, severe hypokinesis; 4,
akinesis; and 5, dyskinesis). For perfusion imaging, 370 mBq of
MIBI was injected intravenously at peak stress while dobuta-
miine infusion was continued for [ minute. Stress scintigraphic
images were acquired, on average, | hour after termination of
the dobutamine infusion. For resting studies, 370 mBq of MIBI
was injected at least 24 hours after the stress study. Emage
acquisition was performed with a Siemens Gammasonics sin-
gle-head Rota Camera. For each study, 6 short-axis and 3
sagittal long-axis slices were analyzed. To compare the stress
and rest studies, each of the 6 short-axis slices was divided into
8 equal segments. The septal part of the 2 basal slices (4

MIBESPECT

Echocardiography

Apical 4-charmber

E=anterica [T7] sepban mtevior Egseptem postanin |
Fia 1. Representation of the 16 echocardiographic and the 47
scinligraphic segments (bult's-eye display from short-axis and
sagitlal Jong-axis for apex) that were regrouped 10 6 major
myocardial regions.

segments) was not evaluated because this region correspoads
to the fibrous portion of the interventricular septum and
rommally exhibits reduced uptake. The apical region was as-
sessed from the 3 sagittal cross sections. A total of 47 segments
per patient were analyzed. All tomographic views were re-
viewed in side-by-side pairs (stress and rest} and the myocardial
uptake of radictracer was evaluated visnally, with the assistance
of circuntferential profile analysis including the normal values,
also with the vse of a 5-point scoring method (1, normal; &,
minimally reduced uptake; 3, moderately reduced uptake; 4,
severely reduced uptake; and 5, absence of uptake).

As depicted in Fig 1, the echocardiographic and scintigraphic
images were subsequently malched by regrouping the 16
echocardiographic and the 47 scintipraphic segments in 6 major
myocardial regions (anterior, anterior septum, posterior sep-
tum, inferoposterior, Fateral, and apical).!? A region was clas-
sified as infarcted in the case of a resting score >2 in one or
more segments on ECHO% and >2 in fwo or more adjacent
segments on MIBI. A region was classified as ischemic on
ECHO in the case of an increase in score befween rest and
stress in one or more segments unless an akinetic segment
showed no improvement during low-dose dobutamine and
became dyskinetic during high-dose dobutamine.’? On MIBI,
ischemia was defined as a perfusion defect during stress that
partiatly or totally resolved at rest in at least bwo contiguous
segments or slices. An ECHO or MIBI study was classified as
abnormal in the presence of either infarction or ischemia. AH
stadies were reviewed by two experignced observers (A.S. and
R.R. for ECHO; L.H.C. and A.R. for MIBI} unaware of all
other stress test results. In cases of disagreentent, a third
reviewer (P.M.F.) decided on the grading of cach study.
Pattern {nocmal, ischemia alone, infarction alone, or both
infarction and ischemia [mixed]} interobserver agreement, as
assessed in 200 patieats, was §9% for ECHO and 92% for
MIBI. Interobserver apreemjent on ischemia was 92% for
ECHO and 95% for MIBI.

Follow-up

Follow-up data were obtained over a 31+ 15-month period
(range, 12 £ 48 months) by outpatient clinic assessmenl, review
of case notes, and contact with the patient, general practitioner,
or other hospitals when necessary. Outcome events were
cardiac death, nonfatal MI, and revascularization (coronary
bypass surgery or percutancous transluminal coronary angio-
plasty). Cardizc death was defined as a death temporally
associated with a known or suspected acute M, life-threaten-
ing archythmia, or pulmenary edema. Unexpecied death with-
out an identified noncardiac cause also was considered to be
cardiac death. Occurrence of an acate MI was confirmed with
the use of standard clinical and ECG criteria and when total
creatine kinase enzyme levels exceeded twice the normal
values. Hard cardiac events (cardiac death and nonfatal MI)
and all cardiac events (hard events or revascularization) were
separately analyzed as end points, Patients with revasculariza-
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tion procedures were censored at the time of interveation, so
only the first gvent in each patient was considered,

Statistical Analysis

Values were expressed as mean+8D unless specified. Com-
parison of patients with and without cardiac events was per-
formed with the Student’s ¢ test for continuous variables and x?
test for discrete variables. Differences of P<.05 were consid-
ered significant. Variables correlated with cardiac events at a
significance level of P<<.10 by univariate analysis and selected
variables with £=.10 to .20 were further analyzed with the use
of stepwise logistic regression. ORs and 95% ClIs were calcu-
lated for variables vsed in the multivariate model. Kaplan-
Meier life table estimates of infarction-free survival (survival
without cardiac death or nonfatal MI) and evert-free survival
(survival without cardiac death, nonfatal MI, or revasculariza-
tions) were used fo summarize the follow-up results. Compar-
ison of life tables was performed with the use of the log-rank
test,

Results
Dobutamine-Afropine Stress Test
Hemodynamic Results, End Poinis, and Side Effects

The maximal dobutamine dose used was 10 pg/kg per
minute in 1 patient, 20 pg/kg per minute in 4 patients, 30
prg/kg per minute in 30 patients, and 40 pg/kg per minute
in 185 patients. Atropine was added in 83 patients (38%)
and was more often used in patients on B-blockers (58 of
92 on versus 25 of 128 off B-blockers, P<..0001). Heart
rate increased by 6315 bpm up to 134+17 bpm at peak
stress, systolic blood pressure by 1327 mm Hg up to
158+31 mm Hg, and the double product (heart rate
times systolic blood pressure) by 10 382%3809 up to
20r 1084825 beatsXmm Hg per minute,

Target heart rate (85% of maximum for age and scx) was
not reached in 46 tests (219} either after maximal-dose
dobutantine-atropine had been given in 18 patients (8%)
or premature stopping of the test in 28 patients (13%). The
test was prematurcly stopped because of angina in 19
patients, ST-segment changes in 2, hyperfension in 1,
symptoroatic hypotension in 4, nonsustained ventricular
tachycardia in 1, and anxiety in 1. Most patients not
reaching their farget hearf rate despile maximal-dose do-
butamine-atropine were on f-blockers (15 of 18 on versus
3 of 18 off B-blockers, P</.001). Side effects usually were
minor, and significant tachyarrhythmias (patoxysmal su-
praventricular or nonsustained ventricular) were encoun-
tered during dobutamine infusion or recovery in 14 pa-
fients {6%).

Distribution of Imaging Patterns

As shown in Fig 2, the distributions of ECHO and
MIBI patterns were, respectively, normal in 86 (39%)
and 70 (32%), infarction atone in 58 (26%) and 39
{279}, ischemia alone in 31 (14%)} and 32 (15%), and
both ischemia and infarction in 45 (20%) and 59 (27%).
Therefore, abnormal patterns were present in 134 (61%)
and 150 (68%) patients, infarction patterns in 103 (47%)
and 118 (54%), and ischemic patterns in 76 (35%) and
91 (41%), respectively. Pattern agreement (normal, is-
chemia alone, infarction alone, and mixed patterns)
between ECHO and MIBI was 66% {x=.53). The
agreement for ischemia was 77% (k=.51).

ECHO

normal Ischemia fafarction mixed

2]

Aormal

2]
e o] (9] Lo
e [3] o] L8] oo

Fia 2, Distribution of the different imaging pattems for ECHO
and MIBIl. Patterns were divided Into normal, infarction alons,
isthemia alona, and both infarction and ischemia (mixed}. Pat-
tern agreement was 66% {x=.53). The agreement for ischemia
was 77% (x=.51).

Clinical Oufcome

Twelve patients (5%) had “incomplete” follow-up, 7
because of noncardiac death {cancer in 3, pnsumonia in
2, AIDS in 1, and myelodysplasia in [) and § because of
geographic relocation. During follow-up, 11 patients had
& nonfatal MI and 13 died as the result of a cardiac
event. Thirty patients underwemt a late or nonelective
revascularization procedure. In total, 24 patients had a
“hard” cardiac event (cardiac death or nonfatal MI} and
54 paticnts had “any” cardiac evemt (cardiac death,
nonfatal MI, or revascularization).

Prediction of Events From Clinical and Stress
Test Results
Univariate Analysis

The clinical and the stress test variables in patients
with and without hard cardiac events are summarized in
Tables 1 and 3. Clinical variables associated with hard
cardiac events were age and history of CHE. Of the
stress test variables, peak systolic blood pressure and
double product were lower in patients with subsequent
events, However, peak heart rate, angina, or ST-segment
changes during the test were not associated with in-
creased rate of hard cardiac events, Imaging patterns
associated with hard cardiac events were the presence of
any abnormality on ECHO or MIBI, infarction on MIBI,
and ischemia on ECHO or MIBI, Associated with all
cardiac events were the clinical variables of male sex, a

TaBte 1. Chlinfeal Charaoteristics of the Study Patlents
With and Without Hard Events

No Cardiae Cardiac
Event Event
{n=196) % (=24 % P

Age >70y 31 16 8 33 0343
Male sex 106 54 18 B 0517
Risk factors

Diabates 21 t1 4 17 3869

Hypercholesterolemia 42 2 4 17 5690

Hypettension 84 43 9 38 6169

Smoking 50 26 :) 3} Mew
History

M 99 51 16 87 1356

CHE a4 17 2 8 0190

Revascidarization 55 28 g 38 .3377

Typlcal angina 48 24 4 17 3956
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TasLE 2, Clinical Characteristics of the Study Patients
With and Without Any Event

Mo Cardiac Cardlac
Event Event
{n=166} % (n=54) % P

Age >70y 26 14 13 24 1607
Male sex a7 52 37 6% .0386
Risk factors

Diabeles 18 11 6 11 2465

Hypercholesterolemia 37 22 9 17 3785

Hypertension 70 42 23 43 95684

Smoking 45 27 13 24 6610
History

811 I 48 38 70 0022

CHF 29 17 14 26 1744

Revascutatization 38 23 25 46  .0014

Typleal angina 30 18 22 41 0007

history of typical angina, MI, or revascularization, and
all abnormal imaging patterns on ECHO or MIBI
(Tables 2 and 4).

Infarction-Free Survival Curves

The infarction-free survival curves in patients with the
different ECHO and MIBI patterns are depicted in Fig
3A and 3B. A nommal study was associated with a
favorable prognosis over the follow-up period, with a
negligible annual cardiac event rate of 0.4% by ECHO
and 0.5% by MIBI. In contrast, patients with infarction
alone, ischemia alone, and mixed patterns had signifi-
cantly increased cardiac event rates of, for ECHO versus
MIBE, respectively, 7.2% (P<.0005) versus 6.4%
(P=<.008), 10.8% (P<,0001} versus 6.1% (P<.005), and
7.2% (P<.0005) versus 7.5% (P<.005). For event-free
survival (Fig 4A and 4B), annual event rates were, for
the different patterns on ECHO versus MIBI, respec-

tively, 1.8% versus 1.8%, 14.3% (P<<.0001) versus [1.3%
(P<.005), 10.8% (F<.0001) versus 13.3% (P<.0003),
and 26.7% (P<.0001) versus 18.6% (P<.0001).

Annal Hard Event Rates According to Extent
of Abnormalifies

As seen in Fig 5A, patients with normal segments only
had annwal event rates of 0.4% (n=86) for ECHO and
0.5% (n="T0)} for MIBI, For patients with one or two and
more than two abnormal segments, annual event rates
were, for ECHQO and MIBI, respectively, 4.9% (n=74)
versus 5.7% (n=98) and 13.6% (n=60) versus 9.6%
{n=52). As seen in Fig 5B, patients without infarcied
segments had annual event rates of 2,6% (n=117) for
ECHO and 2.0% (n=102) for MIBI. For patients with
one and more than one infarcted segment, annual event
rates were, for ECHO and MIBI, respectively, 2.5%
(n=35) versus 5.6% (n=56) and 10.4% (n=68) versus
8.0% (n=62). As seen in Fig 5C, patients without
ischemic segments had annual event rates of 2.3%
(n=144) for ECHO and 2.6% (n=129) for MIBI. For
patients with one and more than one ischemic segment,
annual event rates were, for ECHO and MIBI, respec-
tively, 6.0% (n=35) versus 5.6% (n=351) and 123%
(n=41) versus 9.3% (n=40).

Annual Event Rates According to Combination of
ECHQ and MIBI Results

As seen in Fig 6A, patients with both a negative
ECHQ study and a negative MIBI study had annual
hard event rates of 0% (n=60} if any abnormality was
considered and 2.0% (n=111) if ischemia was consid-
ered. For patients with a negative ECHO study and a
positive MIBI study, these numbers were 1.3% (a=10) and
3.7% (n=18}; for patients with a positive ECHO study and
a negative MIBI study, these numbers were 3.0% (n=26)

TABLE 3, Stress Test Results in the Study Patients With and Without

Hard Events

No Cardiae Cardiac
Event Event
{n=196} {n=24) K] 14

Rest

Heart rate 7014 72415 5856

Systofic blood 137£22 138224 8812

pressure

Diastolic blood 8111 74212 0028

pressure

Double product 97082849 98542322 3117
Peak stress

Heart rate 134+17 13217 6058

Systofic blood 152132 13rx27 0261

pressure

Ciastolic blood 7713 7215 0918

pressure '

Double product 20 3694905 17 972+3515 0213

Angina during stress 415 23 7 29 5003

ST changes 30 15 4 17 8621
ECHO paitem

Abnermal i1 57 23 96 1002

tnfarction 88 45 15 63 L1036

Ischemia 61 31 i5 63 0623
MBI pattem

Abnormal 127 65 23 96 0023

Infarction HX ] 18 75 265

Ischemia 76 39 15 63 0263
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TABLE 4. Siress Test Resuits in the Study Patients With and Without

Any Event
Ho Cardiac Cardiac
Event Evant
(n=168) % {n=54) % P

Rest

Heart rate 7014 72x14 4174

Systolic blood 137122 139+24 5799

pressure

Diastolic bleod 81x11 79x11 1725

pressure

Double product 964942844 99612840 4767
Peak stress

Heari rate 13516 130+18 0579

Syslofic blood 151230 15036 8331

pressure

Diastolic blood 7713 7615 8221

pressure

Double product 20382+4942 19 264+4381 1383

Angina during siress 35 21 17 32 1191

ST changes 20 12 14 26 0145
£CHO pattern

Abnormal 85 51 49 a1 0000

Infarction 67 40 36 67 0008

Ischemia 43 26 33 61 0060
MIBI pattern

Abnormal 100 50 50 83 0000

Infarction 79 48 39 72 0017

Ischamla 55 38 67 0000

and 8.2% (n=33); and for patients with both a positive
ECHO study and a positive and MIBI study, these num-
bers were 9.2% (n=124) and 9.9% (n=>58), respectively.
Similarly, for all cardiac events, the respective numbers
were 0.5% and 4.5%, 5.5% and 10,9%, 16.5% and 14.3%,
and 23.4% and 31.8% (Fig 6B).

Multivariate Analysis: Addition of ECHO or MIBI to
Clinical Data

Table 5 summarizes the results of univariate and
nuHtivariale (stepwise logistic regression} analyses of
clinical data and stress test imaging results as predictors
of subsequent cardiac events. The results of the addition
of ECHO or MIBI to clinical data were analyzed
separately (clinical data + ECHO and clinical data +
MIBI). Furthermore, each analysis was performed twice;
in the fivst model (Table 5, model 1) the only imaging

100% 77r

=

80%

FO¥

Infarction-frac survival

60%

ECHO

50% t

[} L] 2

Fetiow-up in yeats

(o

pattern variable entered was the presence of an abnor-
mal pattern {any abnormality), and in the second model
(Table 5, model 11} the presence of an ischemic or
infarcted pattern was separately included, As shown in
Table 5, age and an abnormal pattern on ECHO (OR,
18.9; 95% CI, 2.5 to 146.0) or MIBI (OR, 12.8; 95% (I,
1.7 to 98.3) in model | and an ischemic patiern on
ECHO (OR, 4.0; 95% CI, 1.6 to 9,9) or MIBI (OR, 3.0;
95% CI, 1.2 to 7.4} in model II were independent
predictors of subsequent hard cardiac events, Infarcted
patterns on ECHO or MIBI were not independent
predictors for hard cardiac events, However, when the
presence of an infarcted pattern in 3 or more segments
was forced into multivariate mode! II, independent
predictors were age, an infarcted pattern on ECHO
(OR, 6.2; 95% CI, 2.3 1o 16.7) or MIBI (OR, 3.9; 95%
CI, 1.4 to 10.7}, and an ischemic pattern on ECHO (OR,

o

Infarction-free survhval

T T

o 1 2

w

Follow-up in years

Fia 3. A, Kaplan-Meier infarction-free survival curves for patients witit normal (line of heavy, leng dashes), Infarction alone (solid, heavy
ling}, ischemia alone {line of short, heavy dashes), and mixed {ine of light, vertical dashes) ECHO studies. The numbers of patients
available for foliow-up at 0, 1, 2, and 3 years were, respectively, 86, 83, 76, and 53; 58, 60, 21, and 11; 31, 25, 20, and 11; and 45, 39,
28, and 13. Probabitity values compared with the normal patienis were, respectively, <.0005, <.0001, and <.0005. B, Kaplan-Meter
infarction-free survival curves for patients with normat, infarction alone, ischemia alone, and mixed MIB] studies. The numbers of
palients available for follow-up at 0, 1, 2, and 3 years were, respeciively, 70, 68, 61, and 39; 59, 49, 28, and 14; 32, 29, 22, and 14; and
69, 51, 32, and 19, Probability valuzes compared with the normal patienis were <.005 for all.
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Fia 4, A, Kaplan-Meler event-free survival curves for patients with normal (iine of long, heavy dashaes), infarction alone (line of light,
vertical dashes), ischemia afone (solid, heavy 1ine), and mixed fine of shon, heavy dashes) ECHO studies. The numbecs of patients
available for follow-up at 0, 1, 2, and 3 years were, respectively, 86, 80, 72, and 51; 58, 43, 18, ard 9; 31, 20, 16, and 8; and 45, 30,
19, and 9. Probability values compared with normal patlents were <.0001 for all, B, Kaplan-Meler event-fres survival curves for patienls
with normal, infarction alone, Ischemia alone, and mixed MIBI studles. The numbers of patients available for follow-up at 9, 1, 2, and
3 years were, respectively, 70, 65, 59, and 38; 59, 45, 25, and 12; 32, 24, 18, and 12; and 59, 39, 23, and 13, Probability values compared
with the normal patients were, respectively, <.0005, «<.005, and <.0001.

4.8, 95% CI, L8 to 12.5) or MIBI (OR, 3.1, 95% CI, 1.2
to 7.8). For all cardiac events (Table 6), age; typical
angina, a history of MI or revascularization, and an
abnormal pattern on ECHO (OR, 8.9; 95% CI, 3.3 to
23.8) or MIBI (OR, 8.8; 95% CI, 2.9 to 26.6) in model [
and an ischemic pattern on ECHG {OR, 4.0; 95% CI, 2.0
to 7.9) or MIBI (OR, 3.9; 95% Ci, 1.9 to 7.8} in model
Ii were independent predictors of events.

Multivariate Analysis: Different Additions of MIBI to
Clinical and ECHO Data

Since MIBI is thought to be slightly more sensitive
{but less specific) for the detection of ischemia?®?! and
more informative in submaximal stress?? than ECHO,

we tried to assess if, to what extent, and in which patients
MIBI could provide additional prognostic information in
addition to ECHO. In this niultivariate regression anal-
ysis, MIBI was added to nonischemic ECHO studies
according to four different strategies {Table 7). In cach
strategy, a patient was considered to be at risk for future
events when eitiier cne of the two techniques revealed
ischemia.

In tie first strategy (A), all 220 patients underwent
only an ECHO study, On the basis of an ischemic
response, 76 patients were considered 1o be at risk, and
15 of them had a hard cardiac event. The predictive OR
for cardiac events was 4.0 (95% CI, 1.6 to 9.9) (as
reported in Table 5, model II),
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Fic 6. Annual hard event rate {A) and all events rate {(B) according to the different combinations of ECHO and MIBI outcomes. Positive
indicates abnormal {cpen bars) or ischem¥s (dashed bars), negative Indicates normal {open bars) or nonischemic (dashed bars).

In the second strategy (B), MIBI was added to all
patients without iscliemia on ECHO. This strategy re-
quired 144 MIBI scans, and, by definition, yielded a
higher number of patients at risk compared with strategy
A (109 versus 76 patients). Eighteen of the patients at
risk had a hard cardiac event, Because of a decrease in
specificity, the OR of an ischemic response for the
prediction of cvents was lower -compared with ECHO
used alone (3.8; 95% CI, 1.4 to 10.2).

In the third strategy {C), MIBI was added to ECHO
only in patients with a nondiagnostic ECHO study (a
submaximal test, without ischemia on ECHO). This
strategy required 28 MIBI studies; myocardial ischemia
was detected in 85 patients, and a hard cardiac event
occurred in 17 of them. This strategy resulted in an OR
of 5.3 (95% CI, 2.0 to 14.0).

In' the last strategy (D), the addition of MIBT was
limited to the 12 patients with a nondiagnostic study in

which the ECHO test was interrupted prematurely be-
cause of other potential signs or symploms of ischemia
such as angina, ST-segment changes, or ventricular
tachyarehythmias but without ischemia on ECHO (stud-
ies in which the probability of a falsc-negative ECHO
study is highest). By this strategy, 81 patients at risk
could be identified; 17 had a hard cardiac event, and,
with the use of the least additional MIBI studies, the OR
was improved to 5.7 (95% CI, 2.2 to 15.0). By consider-
ing all paticnis in this last strategy to be at risk without
addition of any MIBI study, 88 patients were classified to
be at risk, 17 had a hard cardiac event, and the OR was
5.8 (5% CI, 2.0 to 13.5). In a similar fashion, for the
prediction of any event, the addition of MIBI was also
most useful in strategy D (Table 7, bottom). A similar
analysis with reversed strategies (addition of ECHO to
MIBI} is presenied in Table 8. The results of this
analysis show that the addition of ECHO to nondiag-

TaBLE 5. Association by Unlvariate and Multivariate Analyses of Clinical and
Stress Test Variables With Late Hard Cardiac Events

Multivariate Analysis of Clinlcat Data and Imagiag Pattems

Model 1 Model
Unlvariate Clinical Clinical Clinical Clinical Data
Analysis Data + ECHO Data + MIBl Data + ECHO + MIBl
Clinical data
Age >7Gy 2.4{1.0-6.8) 3.1{1.1-8.3) 28(1.1-7.3) 3.0(1.1-8.1) 3.1({1.2-8.3
fdale sex 25{1.0-6.7) ‘ ¢ ‘ *
History of M| 2.0{0.8-4.8) * * *
History of
revascutarization 15 {0.6-3.7) .
History of CHF 29(1.2-71) * ‘ 2.4 {1.0-5.6)
Typical angina 06 (0.2-1.9)* * * * *
Stress test data
Anginz 1.4 (0.5-3.5)" ‘ * ‘
ST-segment changes 1.1 (04-3.9"* .
ECHO
Abnormal 17.6 (2.3-133.1)  18.8(2.5-146.0)
Infarction 2.0 (0.9-4.9)" .. -
Ischemia 3.7{1.5-8.9) 4.0{1.6-9.9)
MiBi
Abnomat 12.5 {1.7-94.6} 12.8 (1.7-98.9)
Infarction 2.9{1.1-7.6) . *
lschemia 2.6{1.1-8.3) 3.0 (1.2-7.4)

ORs are shown with 95% Cls in parentheses. In model |, pattern variable included “abnormal.” in model
Il, pattern varables included were "infarction” and “ischemia™; '“abaommal” was excluded.

‘Praobability vatue not significant.
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TasLe 6. Assoclation by Unlvariate and Muttivariate Analyses of Clinical and
Stress Test Variables With Any Eate Cardiac Event

Muttivariate Analysis of Clinical Data and knaging Patters

Modal i Modeat il
Unlvariate Clinleal Clintcal Clinlcal Clinical
Analysis Data + ECHO Data + MIBl Data + ECHO Data + MiBl

Chinical data

Age >70y 1.7 (0.8-3.8 * 23{10-54) 24 (1.0-56)

Male sex 2.0(1,0-3.8) * * ' *

History of M 2.7 (1.4-5.3) . ‘ 2.8{1.3-5.7) 3.0{1.4-6.2)

History of

revascularization 2.8(1.5-5.3} 2.1 {1.0-4.3) * *

History of CHF 1.6 (0.8-3,4) * * * *

Typlcat angina 3.1 (1.8-8.4) 2.9 (1.4-5.9) 3.2 (1.5-7.0) 3.0(1.4-6.3) 3.0{1.4-6.3)
Stress test data

Angina 1.7 (0.9-3.4)° . . - .

8T-segment changes 2.6 {1.2-5.5) ' ‘ ¢
ECHO

Abnormal 83 (3.5-24.8) 89(33-23.8)

infarction 3.0(3.6-58) ces '

Ischemla 4.5 (2.4-8.6) 4.0 {2.0-7.9)
MIB|

Abnormal 83(2.8-23.9 8.8 (2.9-26.6)

Infarction 2.9 (£.5-5.8) vae *

[schemia 4.0{2.1-7.9) 3.9(1.9-7.8)

Seo Table 5 fegend.

nostic MIBI did not add to the information provided by
MIBI alone.,

Discussion

In daily clinical practice, stress-induced transient per-
fusion defects and wall motion abnormalities are used as
myocardial ischemia markers. ™4 However, their relative
prognostic information in a hetcrogencous population,
such as that referred 1o a busy cardiac stress imaging
laboratory, is unknown. Thercfore, we initiated this
study to make a head-to-head comparison between the
prognostic value of these different ischemic markers
from high-dose dobutamine-atropine stress testing in
220 patients unable to perform an adequate exercise
test. The main findings of our study are (1) an ischemic
patternt on dobutamine-atropine stress ECHO or MIBI
provides comparable, independent prognostic informa-
tion in addition to clinical data, (2) an increased number
of ischemic segments is directly refated to a worse
prognosis for both ECHO and MIBI, and (3) if ECHO
is selected as the imaging modality of first choice, the
addition of MIBI to clinical and ECHO data can be
useful but should be limited to the minority of patients
with a nondjagnostic ECHO study, whereas the reverse
addition of ECHO 10 MIBI seems less useful, certainly
from a cost-effective point of view,

Stress Test Technique

in the present study, high-dose dobutamine-atropine
was used as the stressing agent. High-dose dobutamine,
up to 40 pg/kp per minute, eventually in combination
with atropine, has becn used widely for the diagnosis of
coronary artery diseasc in conjunction with echocardi-
ography and, although less frequently, also with perfu-
sion scintigraphy.1t.12142¢ Dobutamine is a predominant
B-agonist that causes an increase of myocardial oxygen
demand mainly resulting from increased contractility

and heart rate, providing hemodynamic changes par-
tially similar to exercise,? In the case of significant
coronary stenoses, dobutamine induces a maldistribu-
tion of flow and eventually a worsening of regional wall
thickening that can be detected by perfusion SPECT
imaging and echocardiography, respectively. In echocar-
diographic studies, the addition of atropine fo debuia-
mine has been shown to improve its diagnostic accuracy,
especially in patients receiving B-blockers. 1524

As shown in other studies,*?" dobutamine-atropine
stress is a safe and feasible stress method. Consistently,
in the present series there were no major side effects
such as sustained venlricular tachycardia, ventricular
fibrillation, MI, or death. The feasibility of the test was
also high, since in only 18 tests (7%) the maximal dose of
dobutamine-atropine was insuflicient to attain 85% of
predicted maximal heart rate and there were only a few
nonischemia-related, limiting side effects. Apart from 14
patients (5%) with inadequate acoustic echocardio-
graphic windows for the assessment of all ventricular
regions and 2 patients {1%) with scintigraphic images
that could not be interpreted completely, only 28 of all
BCHO studies (13%) and 23 of all MIBI studies (10%)
were nondiagnostic.

Image Pattern Distribution

Ischemic segments were relatively more common on
MIBI than on ECHO. Of note, ischemia was especially
more frequently detected in patients with infaret pat-
terns, These findings are not surprising, since it is known
that according to the “ischemic cascade” theory,?® per-
fusion abnormalities are expected to-precede the devel-
opment of true jschemia, eventually resulfing in wall
motion abnormalities. Furthermore, in segments with
resting myocardial dysfunction, the detection of ische-
mia on ECHO can be problematic.?” Abnormal echocar-
diographic images in the presence of normal perfusion
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TABLE 7. Predictive Valye of an Ischemic Response for Future Hard Events
and All Cardiac Events According to Different Additions of MIBI to the

220 ECHO Studies

Ne. of Hard Events All Events
Dlagnostic  MIBI Studies  No. of Patients  Gorrectly Correclly
Strategy  Added to EGHO at Risk Predicted OR {95% Ci} Predicted OR (95% Ci}
A 0 76/220 15/24 4.0(1.6-9.9) 3¥54 4.6(2.0-7.9)
B 144 169/220 18/24 3.8(1.4-10.2} 43/54 39{1.98-7.9)
G 28 85/220 17724 5.3 (2.0-14.0} 31784 4.6{2.2-9.4)
D 12 817220 17724 8.7 (2.2-15.0} 36/54 4.6(2.3-93

In 2!t strategles, ECHO was performed in all 220 patients, Strategy A was confined to ECHO used alone.
In the cther strategies, MIBI was added io nonischemic ECHO {8), nondiagnostic ECHO {C), and
nondiagnostic ECHO studies interrupted because of angina, ST-segment deviation, or ventricular
tachyarrhythmia (D). A patient was considered at risk when either of the imaging techniques revealed

ischemia.

images are hard to explain according to & pathophysio-
logical mechanism. In these 10 patients, 2 had a moder-
ately dilated left ventricle with diffuse hypokinesis but
“normal™ periusion, possibly the result of cardiomyop-
athy. Unfortunately, coronary angiography was not
available in these patients. The other 8 patients all had
their echocardiographic wall mation abnormalities in
basal inferoposterior segments, aithough in most pa-
tients the mid part of the wall was also involved. These
regions of the myocardium are known for their tendency
to cause false-positive resufts.3

Proguostic Value

This is the first study conducted as a head-to-head
camparison of the prognostic information of stress echo-
cardiography and perfusion scintigraphy in paticnts with
known or suspected coronary artery disease and sus-
pected myocardial ischemia. Univariate and multivariate
analyses, in which ciinical and stress test variables were
incorporated, confirmed the prognostic value of well-
known parameters such as age, a history of CHF, and
any abnormality detected by stress ECHO and MIBLot0
Dobutamine-atropine stress-induced myocardial ische-
mia (whether detected by ECHO or MIBI} also carried
independent prognostic information in addition to clin-
ical data. This was not as strong as that of any perfusion
or wall motion abnormalities, including fixed defects
corresponding to myocardial scarring. However, the
additional prognostic value of stress-induced ischemia is
clinically relevant for is potential to be relieved by
medical treatment or revascularization procedures.

Several reports on comparable populations have been
published on the individual prognostic value of siress
echocardiography and myecardial perfusion scintigra-
phy.+™1% Although different stress modalities were used,
these studies reported similar figures in terms of fol-
low-up results and predictive value of the tests, There-

fore, our findings on the prognostic value of dobuta-
mine-atropine ECHO and MIBI are not very surprising.
However, this siudy is unique in the assessment of the
relative prognostic value of stress echocardiography and
myocardial perfusion scintigraphy applied simulta-
neously in the same population,

Because both imaging modalities seem to have similar
prognostic valugs, the choice should be made on the
basis of cost aspects, availability, and (most importantly)
locat experience and skill. Dobutamine-atropine perfu-
sion scintigraphy also could be considered a useful
alternative in patients with a poor acoustic window and
additive to echocardiography in patients with nondiag-
nostic echocardiographic studies (strategies C and D,
Table 7}, especially in patients with contraindications for
vasodilator stress. Theoretically, MIBI could be injected
in these patients during the same stress tesl, conditional
to on-line inferpretation of the echocardiographic im-
ages and availability of the radiotracer and the gamma
camera. This strategy seems reasonable and financially
convenient in a laboratory with well-balanced experi-
ence in stress echocardiography and myocardial perfu-
sion imaging. Addition of stress echocardiography to
perfusion scintigraphy, however, provided little to no
additional information and requires {wo separate tests
because ischemia at MIBI can only be assessed off-line.
Therefore, such a strategy does not seem cost-effective.,

Limitations of the Study

Both animal®! and clinical studies?! have suggested
that dobutamine is an appropriate stress agent to dem-
onstrate abnormal wall motion caused by ischemia.
However, vasodilators (adenesine or dipyridamole)
might be more suitable to create blood flow heteroge-
neity detected by perfusion scintigraphy. Indeed, in the
same animal model® dipyridamole caused the most
blood flow heterogeneity, making it particularly suited

Tapie 8. Prediclive Value of an Ischemic Response for Future Hard Events
and All Cardiac Events According to Different Additions of ECHO to the

220 MIBI Studies

No. of Hard Events All Events
Diagnestic ECHO Studiss No. of Patienls  Correctly Comecty
Strategy Added to MIB! at Risk Predicted OR (95% Cl} Predicted OR {85% CI}
A Q a1/220 15/24 3.4(1.2-7.4) 36/54 3.9(1.9-7.8
B 129 1697220 18/24 3.8(1.4-10.2) 41/54 3.8(1.9-7.9)
c 23 06/220 15724 2.30.9-58) 37/54 3.7(1.8-7.5)
o] 8 047220 15/24 2.4 (1.0-6.0) 37/54 3.9(1.9-7.9)

See Table 7 legend for explanation of strategies. ECHO and MIBI strategies are reversed in this fabls.
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for myocardtal perfusion studies. Published clinical data,
however, conflict concerning the superiority of vasodila-
tors to dobutamine for perfusion scintigraphy. Kumar et
al*? found that dipyridamote thallium scintigraphy cor-
related better with coronary score. However, these re-
sults were based on a small group of patienis and the
dobutamine dose used was very low (20 pghkg per
minute). Marwick- et al'* found in a larger series of 97
patients—using high-dose dobutamine—that the accu-
racy of dobutamine MIBI was comparable with adeno-
sine MIBI {accuracics of 77% and 80%, respectively).
Recently, these findings were confirmed by others.?
Although none of the aforementioned studies provides
evidence for a superiority of vasodilator over dobuta-
mine perfusion imaging for prognosis, the former siress
modality is more routinely used in clinical cardiology.
Future studies shoutd provide information on the rela-
tive prognostic vatue of vasodilator versus dobutamine
perfusion imaging and eventually versus dobutamine
stress echiocardiography.

The decision to perform coronary arteriography and
subsequent coronary artery angioplasty or bypass graft
surgery is inflienced frequently by individual physicians'
biases and may be affected by the presence of abnormal
findings on the stress study. Therefore, we excluded
patients with early elective revascularizations, and
“hard” cardiac events (nonfatal MI and cardiac-related
death) were analyzed separately.

The scintigrams were scored with the use of a semiquan-
titative method. Quantitative methods may improve diag-
nostic accuracy™; however, such an improvement is usually
marginal. In an in-depth prospective analysis of patients
referred for **T1 SPECT, Mahmarian et al* reported that
visual and quantitative methods were comparably sensitive
for identifying patients with single, double, and triple
coronary disease; however, quantitative tomography
tended to be more specific. In contrast, in a prior study
from our center, we reported similar sensitivity and a trend
toward better specificity for semiquantitative analysis ver-
sus quantitative analysis of dipyridamole-exercise 'T1
scintigrams,® Finally, the interobserver agreement on js-
chemia for the semiquantifative analysis in the present
study was excellent (95%).

Conctusions

In a population unable to perform adequate exercise
with suspected or known coronary artery disecase and
stable chest pain, probably refecting the continuous
spectrum of disease in the fotal population, dobutamine-
atropine stress is a safe and feasible stress technique.
Combined with cither imaging modality—echocardiog-
raphy or ®T¢ sestamibi myocardial perfusion scintigra-
phy—it provides useful prognostic information addi-
tional to clinical data. For both imaging modalities, the
single most important independent predictor for future
nenfatal MI or cardiac death is any abnormat pattern,
while an ischemic pattern provides additional, indepen-
dent prognostic information. If & stress laboratory
chooses to use echocardiography as the routine pharma-
cological stress lest, the addition of perfusion scintigra-
phy could be uscful but should be limited to patients
with nondiagnostic echacardiographic studies. If a cen-
ter prefers perfusion imaging as the first choice, the
addition of stress echocardiography does not seem
cost-effective,
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ABSTRACT

Aim of the study. To risk stratify and shorten hospital stay in patients with spontaneous chest pain
and a nondiagnostic electrocardiogram (ECG).

Methods. The study comprised 102 patients (mean age 58 + 12 years, 67 men) with spontaneous
chest pain and a nondiagnostic ECG. Forty-three patients had suspected coronary artery disease
{(CAD) and 59 patients had known (but of unknown actual significance) CAD. All patients
underwent serial creatine kinase (CK) enzyme measurement, continuous ECG monitoring for at
least 12 h and early dobutamine-atropine stress echocardiography (DASE) in case of negative CK
enzyimes and normal findings at ECG monitoring. DASE was considered positive in case of new or
worsening wall thickening abnormalities, Patients with negative DASE were discharged within 24 h
of DASE (usually the same day). In-hospital and 6 months follow-up events noted were cardiac
death, nonfatal myocardial infarction (MI), unstable angina (UA), and coronary artery bypass
surgery or angioplasty.

Resuis. Thirteen patients had evidence of evolving MI by elevated CK enzymes or UA by ECG
monitoring. In the remaining 89 patients DASE was performed after a median observation period of
31 h (range 12 - 68 h). During DASE no serious complications (death, nonfatal MI, sustained
ventricular tachycardia or fibrillation) occurred. All patients with signs or symptoms of severe
myocardial ischemia and/or supraventricular tachyarrhythmias responded well to intravenous
injection of metoprolol. DASE results were of low quality in 3, nondiagnostic in 6, negative in 44
and positive in 36 patients. In the 80 patients with diagnostic DASE, variables associated with in-
hospital events (n=7) were exertional angina (p <0.005), stress-induced angina (p <0.001) and
positive DASE {p <0.005). Variables associated with follow-up events {n=11) were history of
exertional angina (p <0.05), stress-induced angina (p <0.01) and positive DASE (p <0.01), At
multivariate analysis the only significant predictor of events was positive DASE (p <0.01).

Conclusions. Our results show that early DASE can safely discriminate patients with spontancous
chest pain and a nondiagnostic ECG into low- and high-risk subsets for subsequent cardiac events.
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INTRODUCTION

The emergency room evaluation of pafients with spontaneous chest pain and a nondiagnostic
electrocardiogram (ECG) remains a challenge for the physician. Especially, in this time of financial
constrains physicians are under pressure to reduce the frequency, intensity and length of hospital stay.
To improve risk assessment several approaches have been proposed using decision algorithms (1,2),
resting two-dimensional echocardiography (3), and resting perfusion imaging with thallinm-201 or
technetium-99m (4-6). All these approaches aimed at identification of low-risk patients who could be
sent home immediately, The consequences of inappropriate emergency room discharge of patients
with {rue acute myocardial ischemia, however, may be serious (7,8) Therefore, in daily clinical
practice these sophisticated techniques are seldom used in the emergency room. Most physicians
practice a conservative admission policy that results in a high level of admissions of patients with
noncardiac chest pain (9). In-hospital observation, usually followed by some form of stress testing,
may take several days, especially in patients initially considered at relatively high-risk, To shorten
hospital stay and improve risk stratification we investigated the value of a structured protocol
including serial creatine kinase (CK) enzyme measwements, continuous 12-lead ECG monitoring and
early dobutamine-atropine siress echocardiography (DASE) followed by discharge of patients without
inducible myocardial ischemia. In patients with stable chest pain DASE has shown to safely provide
excellent diagnostic and prognostic information (10,11). The safety and predictive value of DASE in
patients with acute, spontaneous chest pain and a nendiagnostic ECG, however, is still relatively
unknown (12). This report addresses these issues.

MLETHODS

Protoeol. Patients with spontaneous chest pain within 12 h of admission, unexplained by trauma,
radiographic abnormality or exfracardiac conditions that may induce myocardial ischemia
(Braunwald type ITTA angina) (13), and without evidence of myocardial infarction (MI) or unstable
angina (UA} by initial CK enzyme level and admission ECG were eligible for the study if they did
not meet any of the following excluding criteria: 1) known ventricular tachyarrhythmias, 2)
uncontrolled hypertension (=180/110 mm Hg), 3) significant valvular heart disease, or 4) known
significant coronary artery disease (CAD). Apart from a chest x-ray, ECG and CK enzyme
measuremeni, emergency room evaluation comprised patient history (including previous cardiac
disease, chest pain characteristics [see appendix I} and coronary risk factors {see appendix HJ} and
physical examination (see appendix II). After hospitalization the 12-lead ECG was continuously
monitored with a MIDA 1000 (Ortivus Medical, Tdby, Sweden) or Mortara ST-100 (Mortara
Instrument, Milwaukee, USA) system (14). CK enzyme measurement, including the MB isoform,
was repeated at 6 h and 12 h. DASE was not performed in patients with myocardial necrosis,
evidenced by CK >220 U/L {or >110 and MB isoform >10%) and in patients with ECG changes
during observation, conclusive for myocardial ischemia (>0.1 mV ST-segment change, T wave



136 CHAPTER 12 *

inversion}. In these patients the diagnosis MI or UA was established; respectively. In absence of
conclusive CK enzymes or ECG changes DASE was performed between (2 and 48 h after
admission (in patients with suspected CAD afier 12 h, in patients with known CAD, bui of
unknown actual significance, after 24h). Patients who reached their target heart rate without
inducible myocardial ischemia were discharged within 24 h of the study {usuaily the same day of
stress testing),

All patients were followed-up for 6 months. In-hospital and follow-up events noted were
cardiac death, nonfatal M, UA {(defined as chest pain necessitating rehospitaiization), coronary
artery bypass surgery (CABG) and percutaneous transluminal coronary angioplasty (PTCA).
Cardiac events were presented individually and in a cumulative fashion in which only the worst
event in each patient was considered. If a patient underwent coronary angiography this was also
noted, Significant CAD was defined as a diameter stenosis 250% in a major epicardial artery,
scored by two observers blinded to the clinical data. In case of disagreement quantitative coronary
angiography was decisive (15). The study protocol was approved by the hospital ethics committee.

Dobutamine-atropine stress echocardiography, Dobutamine was administered intravenously by
att infusion pump with an infusion rate of 10 pg/kg/min for 3 minutes, increasing by 10 ug/kg/min
every 3 minudes up to a maximum of 40 pug/kg/min. In patients not achieving 85% of their age and
gender predicted maximal heart rate and without symptoms or signs of myocardial ischemia,
atropine was administered, starting with 0.25 mg intravenously and repeated up to a maximum of
1.0 mg within 4 minuies with continuation of dobutamine infusion. Throughout dobutamine
infusion the ECG was continuously monitored (3 leads) and recorded (I2 leads) at one minute
intervals. Reasons for interruption of the test were: severe angina, severe and/or extensive wall
thickening abnormalities, symptomatic reduction in systolic blood pressure >40 mm Hg from
baseline, hypertension (blood pressure >240/120 mm Hg), significant tachyarrhythmias, horizontal
or downsloping ST-segment depression more than 0,2 mV at an interval of 80 ms after the J point
compared with baseline, ST-segment elevation more than 0.1 mV in patients without previous MI,
and any serious side effect regarded as being due to dobutamine. Metoprolol was available to
reverse the effects of dobutamine if they did not revert spontaneously and quickly. The
echocardiograms were recorded on videotape and digitized on optical disk, Echocardiographic
analysis of the lefl ventricular wall was perfored according to the standardized 16-segments model
{10). Systolic wall thickening (and/or wall motion) was visually evaluated, and each segment was
graded with a 5-point scoring modei (1 = normal; 2 = mild hypokinesis; 3 = severe hypokinesis; 4 =
akinesis; and 5 = dyskinesis} during any dobutamine (or atropine) stage. DASE was considered
nondiagnostic when peak heart rate was <85% of maximal in absence of new or worsening wall
thickening abnormalities. DASE was considered positive in case of new or worsening wall thickening
abnormalities at any dobutamine (or atropine) stage in =1 segment. Positive DASE studies were
further stratified into high-risk and low-risk studies. High-risk studies were defined as studies in which
new or worsening wall thickening abnormalities occurred at a heart rate <70% of maximal or when
they occurred in >1 vascular territory (10).
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Table 1. Baseline characteristics of the 102 study patients

Patients (n=102)

Age 58+12
Male gender 67 (66)
History of CAD 59 (58)
Myocardial infarction 43 (42)
Coronary bypass surgery 14 (14}
Coronary angioplasty 30029
Medications
Nitrates 23 (23)
B-blockers 41 (40)
Calcium antagonists 36(35)
ACE-inhibitors 1919
Diuretics 16 (16}
Risk Factors
Smoking 47 (46)
Diabetes 14 (14)
Hypertension 43 (42)
Family history of CAD 48 (47)
Hypercholesterolemia 30 (2%
Exertional Angina 37 (36)
Chest pain >60 min 35(34)
Chest pain at admission 48 (47)
Normal electrocardiogram 41 (40}

Data are presented as mean value £ SDD or number (%) of patients.
CAD = coronary artery disease.

Statistical Analysis. Values were expressed as mean value + standard deviation, when appropriate.
Comparison between variables was perfonmed with the Student's ¢ test for continuous variables and
chi-square test for discrete variables, Differences of p <0.05 were considered significant. To identify
independent predictors for cardiac events, multivariate logistic regression analysis with a forward
and backward stepping algorithm was used (BMDP package) (16). Variables included in this
analysis were gender, age, history of CAD, history of exertional angina, admission ECG, need for
intravenous nitroglycerine, dobutamine stress-induced angina and DASE results.
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RESULTS

Patient characteristics. One-hundred and two consecutive patients gave informed consent and
were included in the study. Mean age of the patients was 58 + 12 years (range 22 to 83), 67 were
men (66%). There were 43 patients (42%) with suspected CAD and 39 patients (58%) with known
CAD, but of unknown actual significance. All patients with suspected CAD had a chest pain score
20 (see appendix 1), Forty-cight patients (47%) had chest pain at admission, in the other 54 patients
(53%) median time between last chest pain attack and admission was 2 h (range 1 - 12 k). Forty-one
patients (40%) had a normal electrocardiogram (defined as sinus rhythm without pathologic Q-
waves, conduction disturbances, high QRS voltage, and any ST-segment deviation or negative T-
waves in leads I, II, aVL, aVF, and V3-V6). The other 61 patients (60%) had an abnormal, but
nondiagnostic electrocardiogram {defined as absence of >0.1 mV new ST-segment change or new
T-wave inversion). Relevant data of the 102 study patients are displayed in Table I.

Identifieation of patients with MI or unstable angina. During observation the diagnosis evolving
MI was confirmed in 4 patients (4%) and the diagnosis UA was established in 9 patients (9%).
Compared to the other 89 study patients, these 13 patients were older (64 £ 11 vs. 57 + 12, p <0.05),
had higher chest pain scores { 12.6 £ 3.2 vs. 9.6 £ 3.5, p <0.05), had more frequently a history of
exertional angina (10 of 13 [77%] vs. 27 of 89 [30%], p <0.005), and received more frequently
intravenous nitroglycerine therapy (13 of 13 [100%] vs. 39 of 89 [44%], p <0.0005).

Hemodynamic and adverse effects of DASE. The remaining 89 patienis without a definite
diagnosis of either evolving MI or UA were referred for early DASE for the evaluation of
myocardial ischemia. Mean time from hospitalization to DASE was 33 + 12 k. In 3 patients (3%)
with a poor echocardiographic window DASE was not performed. In the remaining 86 patients
dobutamine-atropine stress increased heart rate from 66 + 12 bpm to 134 + 16 bpm and systolic
blood pressure from 136 % 19 mm Hg to 145 + 26 mm Hg. Test end-points were target heart rate in
59 patients (69%), maximal dose dobutamine-atropine in 6 patients {7%), severe and/or extensive
wall thickening abnormalities in 7 patients (8%), severe angina in 6 patients (7%), ST-segment
changes in 2 patients (2%), ventricular tachyarrhythmia in 2 patients (2%), supraventricular
fachyarrhythunia in [ patient {1%4), bradycardia with hypotension in ! patient (1%), and nausea in 2
patients (2%). Most important arthythmias during dobutamine infusion or recovery were non-
sustained veniricular tachyarrhythmia in 2 patients (2%) and supraventricular tachyarrhythmia in 4
patients (5%). One additional patient developed sustained atrial flutter. The ventricular rate of this
atrial flutter was well controlled with intravenous injection of 5 mg metoprolol. Typical angina was
induced in 27 patients (31%). All responded well to intravenous injection of metoprolo! (3-8 mg).
Other side effects were nausea in 11 patients (13%), headache in 4 patients ( 5%) and anxiety in 1
patient (1%).

Predictors of positive DASE. In the 86 patients who underwent DASE, stress echocardiographic
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results were nondiagnostic in 6 patients {7%), negative in 44 patients (51%) and positive in 36
patients (42%). Nineteen of the latter 36 patients {53%) had high-risk DASE. Clinical variables
associated with positive DASE were male gender (p <0.005), higher chest pain score (p <0.0001), a
history of exertional angina (p <0.005), a history of CAD (p <0.0005), and an abnormal admission
ECG (p <0.05) (Table 2}.

Table 2, Predictors of a positive stress echocardiogram

Positive DASE Negative DASE p Value
(n=36) {n=44)

Age 56+ 12 58+ 12 04257
Male gender 29 (81) 22 (50} 0.0047
History of CAD 28 (78) 17 (39) 0.0004
Exertional angina 18 (50) 7(16) 0.0011
Risk factor score 20+1.0 1.7x1.2 0.2276
Chest pain score 112+£3.7 82+£29 0.0001
Physical examination score 03£06 01+06 0.1756
Normal ECG 113D 23 (52) 0.0500
Normal ECG with pain 3(8) 12(27) 0.0308
Need for nitroglycerine 20 (56) 15(34) 0.0542

Dalta are presented as mean value £ SD or number (%) of patients. CAD = coronary artery disease.
ECG = electrocardiogram.

Hospital stay and cardiac events in patients with poor or nondiagnostic DASE. The 3 patients
with a poor echocardiographic window had hospital stays of 48, 122 and 360 h, respectively. None
of these patients had an in-hospital event. During follow-up ! patient returned with UA. The 6
patients with a nondiagnostic study had a median hospital stay of 72 h (range 27 - 381 h). Three
patients underwent in-hospital coronary angiography, in 2 patients coronary arteries were normal, 1
patient had one-vessel CAD and subsequently underwent PTCA. During follow-up another patient
underwent coronary angiography which showed one-vessel CAD, treated with PTCA.

Hospital stay in patients with diagnostic DASE studies. The 44 patients with negative DASE
were discharged early after a median hospital stay of 39 h (range 15 - 203 k). Three of these patients
had a prolonged hospital stay despite negative DASE. Two patients underwent coronary
angiography, 1 because of clinically suspected significant CAD despite negative DASE and 1
because of dilated cardiomyopathy. As seen in Fig. LA, both patients were found to have normal
corenary arteries. The third patient with prolonged hospital stay despite negative DASE underwent
electrical cardioversion for non-DASE related atrial fibrillation. When these 3 patients were
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excluded from analysis median hospital stay was 37 h (range 15 - 104 h). The 36 patients with
positive DASE had a median hospital stay of 186 h (range 13 - 552 h). Hospital stay was
significantly shorter in patients with low-risk DASE than in patients with high-risk DASE (median
126 h {range 44 - 447 h] vs, median 204 h [range 13 - 352 h}, p <0,05).

Prediction of in-hospital events by clinical and stress test data. As seen in Fig. 1A, 7 of 80
patients (9%) with diagnostic DASE had an in-hospital cardiac event (CABG in 2, PTCA in 3).
Clinical predictors of in-hospital events were (see Table 3} a history of exertional angina (p <0.005)
and higher chest pain score (p <0.005). Stress test data associated with in-hospital events were
positive DASE (p <0.005), high-risk DASE (p <0.0001) and stress-induced angina (p <0.061).
Patients with high-risk DASE had, as compared to paticnts with low-risk DASE, more multi-vessel
CAD at CAG (5 of 12 [42%] vs. 0 of 6 [0%], p <0.005) and underwent more frequently PTCA (p
<0.05).

Table 3. Predictors of in-hospital cardiac events

Cardiac Event No Cardiac Event p Value
(=7} {n=73)

Age 54413 57+ 12 0.4332
Male gender 5(71) 46 (63) 0.6582
History of CAD 571 40 (55) 0.3967
Exertional angina 6 (86) 19 (26) 0.0011
Risk factor score 2014 1.8+ 1.1 0.6808
Chest pain score 13.4+3.0 92+£34 0.0023
Physical examination score 0.3+£05 0.2+0.6 0.6192
Nomal ECG 2(29) 32 (44) 0.4352
Normal ECG with pain 0{0) 15@n 0.1833
Need for nitroglycerine 4 (57) 31(43) 0.4546
Abnormal resting DASE 3(43) 20027} 0.3880
Positive DASE 7 (100 2% (40) 0.0022
High-risk DASE : 7{100) 12 (16) 0.0000
Stress-induced angina 6 (86) 18 (25) 0.0008
Stress-induced ST changes 2(29) 9(12) 0.2332

Data are presented as mean value = SD or number (%) of patients. CAD = coronary artery disease.
DASE = dobutamine-atropine stress echocardiography. ECG = electrocardiogram.

Prediction of follow-up events by clinical and stress test data. As seen in Fig. 1B, 11 of 80
patients (14%) with diagnostic DASE had a cardiac event during follow-up (MI in 1, UA in 10,
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DASE Results and In-Hospital Cardiac Events

Positive (n=36}

J | Negative (n=H)

{ High-risk {(n=1%} I

Luw-risk(n*l?)l I Total (n=36) |

Events Cumulative

Evenls Curulative

Events Cumulative

Events Cumulative

0{0} 0 (0) 0(9) 0(0) 0(0) 6(0) 0 (6} 0 (0) Death
0(®) [H{H] a{0) 0(0) 00 &0y 0(0) 0 (0} M
2(11) 2(11) LR (1)} o) 2(6) 2(6) 4(0) 0(0) CABG
5(26) 7(3M% 0(0) 0(0) sS4y 70198 o0 0{0) PTCA
12(63)  12(63) 6(35) 6(3%) 18 (30)% 18 (s0)% 2(5) 2{5) CAG
116411 3/3/0/0 4/9/4/1 2/0/0:0 0/82/3 VD
Late dischage Late discharge Late discharge Early discharge’
(median 204 b) (megian 126 h) (median 186 h) {median 37 h)
DASE Results and 6-Months Follow-Up
Positive (=36} I [ Negative (n=44) J

n-Hospilal CARG In-Hespital CALG Fotal 136
or PICAT e (n29) ar FITAL yes {n-7) Fotal {n-36)
FEvents Cumnufative Events Cumulative Events Cumulative Events Cumulative

0(0) 0 (0} o) 0(0) 0{0) 06} L] 0(0) Death
0(9) 9(0) o0 0(0) oo L] 1(2) 1(2) Ml
7(24) 7{(24) 2(29) 2(29) 9258 9 (@25ne 1) 2(3) UA

13) 7(4) o 2029 13y 9052 2(8 2(5) CABG
2N T2 0()) 209 206 9258 o 2% PTCA
7(24)  10{34) 1(14) 2(29) S22 12093 3N im CAG
14321 1/0:0/0 2/32/1 1/0/0/2 01723 VD

Figure 1. In-hospital (Fig. 1A, top) and 6-months follow-up {Fig. 1B, bottom) events according to
the dobutamine-atropine stress echocardiographic results. In the “cumulative” column only the
worst event in each patient was considered. For high-risk vs. low-risk studies or positive vs.
negative studies: # = p <0.05; @ = p <0.01; $ = p <0.005; & = p <0.00!. * = excluding 2 patients
with in-hospital coronary angiography and 1 patient who underwent cardioversion for non-DASE
related supraventricular tachycardia. CABG = coronary artery bypass surgery; CAG = coronary
angiography;, DASE = dobutamine-atropine stress echocardiography; MI = myocardial infarction;
PTCA = percutaneous transluminal coronary angioplast; UA = unstable angina.
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CABG in 3 and PTCA in 2; 5 patients had more than 1 event). Clinical predictors of follow-up
events were (see Table 4) a history of exertional angina {p <0.05) and higher chest pain score (p
<0.001). Stress test data associated with events were positive DASE (p <0.01), high-risk DASE (p
<0.01) and stress-induced angina (p <0.01). There were no significant differences in follow-up
events in patients with and without in-hospital revascularization. At multivariate analysis the only
significant predictor of events was positive DASE (odds ratio 7.0; 95% confidence interval 1.4-
35.8,p <0.01)

Table 4. Predictors of 6-months follow-up events

Cardiac Event No Cardiac Event p Value
(n=11) (n=69)

Age 56+12 57412 0.8069
Male gender 8(73) 43 (62) 0.5048
History of CAD 8(73) 3754 0.2355
Exertional angina 7 (64) 18 (26) 0.0126
Risk factor score 2209 1.8+ 1.1 0.2594
Chest pain score 129+29 9.0+34 0.0006
Physical examination score 0.1£0.7 0.2+0.6 0.6265
Normal ECG 4(36) 30 (44) 0.6575
Normal ECG with pain 1(9) 14 20) 0.3768
Need for nitroglycerine 6 (55) 29 (42) 0.4371
Abnormal resting DASE 4 (36) 19 (28) 0.5480
Positive DASE 9(82) 2739 (.0082
High-risk DASE 6 (55) 13 (19) 0.0098
Stress-induced angina 7(64) 17 (25) 0.0088
Stress-induced ST changes 2(18) 9(13) 0.6458

See Table 3 for abbreviations.

DISCUSSION

Every day, emergency physicians are faced with the challenge of accurately diagnosing the cause of
spontaneous chest pain in patients with a nondiagnostic ECG. Despite many vigorous efforts to
identify patients with and without & {rue acute ischemic coronary syndrome (1-6) it is well known
that a smatl percentage of patients is inadvertently released home, sometimes with serious (fatal)
consequences (7,8). Therefore, in daily clinical practice most physicians practice a conservative
admission policy which, in some patients with a final diagnosis of noncardiac chest pain, may require



STRESS ECHOCARDIOGRAPHY IN SUSPECTED UNSTABLE ANGINA 143

long in-hospital observation, especially in those patients initially considered at relatively high-risk.

Our protocol provides a rapid and structured approach for each patient that includes testing for
evolving MI with serial CK enzyme measurements, observation for resting ischemia with continuous
ST-segment trend monitoring, and DASE to detect inducible myocardial ischemia. Previous studies
have shown that in patients with a nondiagnostic ECG the diagnosis of evolving MI can be effectively
established through measurement of CK enzyme within 12 hours after symptom onset (2,17).
Continuous ST-segment trend monitoring provides observational data which reflect ischemic status
both in symptomatic and asymptomatic patients (18,19). If serial CK enzyme determination and
centinuous ST-segment frend monitering demonsirate no evidence of resting ischemia over a 12-hour
period, DASE is performed. Although resting wall thickening abnormalities may reflect ischemia, we
did not use these abnormalities as a contra-indication to DASE because in a heterogeneous patient
population resting wall thickening abnormalifies usually represent either a variant of normal,
cardiomyopathy, or scar {20). Indeed, in our patient populafion an abnormal resting echocardiogram
was not predictive for cardiac events. Moreover, in case of true resting ischemia further worsening of
wall thickening will be seen: directly (on-line} during low-dose dobutamine infusion (21).

Previous studies have demonstrated the safety and prognostic value of DASE in patients with
stable chest pain (10,11). In experienced hands, this stress modility offers many advantages over the
vsually performed exercise ECG fest such as increased accuracy for the detection of CAD (10),
independence of exercise capacity or resting ECG abnormalities, on-line monitoring of new wall
thickening abnormalities {one of the earliest signs of ischemia} (22), detection of other cardiac causes
of chest pain (valvular dysfunction, cardiomyopathy, pericarditis), and - in case of ischemia - the
possibility to neutralize the effects of dobutamine immediately with intravenous injection of a beta-
blocker, All these characteristics make us believe that DASE is a saver and better risk stratificating
stress modality compared to exercise ECG testing in patients who are potentially ischemic at rest.

Safety and feasibility. In accordance to previously published reports (10) DASE could not be
performed due fo poor echocardiographic window quality only in a small minority of patients.
Additionally, a few DASE studies were nondiagnostic {peak heart rate <85% of maximal in absence
of new or worsening wall thickening abnormalities). So, in approximately 90% of patients DASE
could be performed and yielded a diagnostic result. Although we noticed more often severe and/or
extensive myocardial thickening abnormalities compared to prior studies in patients with stable
chest pain, ventricular arrhythmias did not occur more frequently (10). hnportantly, all patients with
signs or symptoms of severe myocardial ischemia responded well to the injectidn of metaprolol, as
did all patients with supraventricular tachyarrhythimias.

Clinical outcome, Patients with positive DASE had (by protocol definition) a significantly higher
in-hospital event rate than patients with negative DASE. Despite intensive medical or invasive
treatment of patients with positive DASE, such a study carried also a significantly increased risk of
cardiac events during follow-up. Negative DASE was associated with a 6 months cardiac event rate
of 5% while patients with positive DASE had an event rate of 25%. The predictive value of high-
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risk DASE was even more striking, Patients with such a study had more often multi-vessel CAD
compared to patients with low-risk DASE and most of the events, both in-hospital as well as during
6 months follow-up, occurred in patients with high-risk DASE, Of great importance is that DASE
more accurately characterized the risk of cardiac events than clinical data,

Like all other stress modalities, negative DASE does not completely rule out the possibility of
functionally important CAD. One 60-year-oki male with a history of atypical angina and negative
DASE underwent exercise ECG testing 2 weeks after discharge. Although this patient showed
excellent exercise tolerance with adequate blood pressure response and absence of angina,
arrhythmias or ST-segment changes, he suffered an inferoposterior MI 2 weeks later, Subsequent
CAG revealed a significantly stenosed proximal right coronary artery (RCA) and mid left anterior
descending (LAD) coronary artery and an occluded left circumflex (LCx) coronary artery. The LCx
and RCA were retrogradely fitled by collaterais from the LAD, The other patient with false negative
DASE was a 73-year-old male with a history of typical, exertional angina. During DASE 0.05 mV
inferolateral ST-segment elevation occurred without angina. DASE results were scored as normal
although there was some doubt about the inferior wall, in particular because of relatively poor
quality of the 2-chamber view during peak dobutamine stress. One week after discharge this patient
returned to the hospital with chest pain accompanied by significant inferolateral ST-segment
elevation. CK enzymes were negative, subsequent CAG revealed a severe stenosis with thrombus of
the proximal RCA and significant stenosis of the LAD and LCx. Clearly, this last patient was
misdiagnosed as not having functionally important CAD. Nevertheless, the number of events in
patients with negative DASE look favorable to the 7% hard event rate previously published from
our center in comparable patients with the final diagnosis noncardiac chest pain (23). Importantly,
in this latter publication hospital stay was more intensive, both in duration (in 10% of patients
hospital stay was >3 days) as in number and type of diagnostic procedures (sometimes including
CAG).

A specific benefit of DASE was demonstrated in a patient without a history of CAD. His resting
echocardiogram showed global hypokinesis of the left ventricular wall. During dobutamine stress
all myocardial segments showed sustained improvement in thickening. Subsequent CAG revealed,
as predicted by DASE results, normal coronary arteries. Laboratory resulis showed elevated levels

of thyroid hormone (24).

Comparison with other studies. Early risk stratification of patients with spontaneous chest pain
has mainly involved resting nuclear perfusion imaging and exercise ECG testing. Several reports
have shown the usefulness of thallium-201 or technetium-99m injection during or even after a
spontaneous chest pain episode (4-6). Although this technique has the advantage of not stressing a
potentially unstable patient there are also some disadvantages such as radiation exposure, perfusion
artifacts, costs and most importantly limited availability. Resting perfusion imaging obviously only
recognizes patients at the highest risk, who in our study were partly identified by serial CK enzyme
measurements and continuous ECG monitoring.

Usually, however, risk stratification is done by exercise ECG testing. Guidelines for exercise



STRESS ECHOCARDIOGRAPHY IN SUSPECTED UNSTABLE ANGINA 145

ECG testing state that this stress modality is contra-indicated in patients with {serious) chest pain at
-rest within the previous 48 h (25). Nevertheless, several studies have shown evidence of the safety
and efficacy of early exercise ECG testing in patients presenting with spontaneous chest pain to the
emergency department (26-28). However, these studies usually included patients with a very low
pre-test probability of CAD, evidenced by the very low numbers of patients with positive tests,
which were not uncommonly false positive. Most of the patients included in these studies probably
required no cardiac workup in the first place. In contrast, in our study over half of the included
patients had evidence of myocardial ischemia by serial CK enzymes, ECG monitoring or DASE.

Recently, DASE was proposed as a screening tool on an emergency room basis to risk stratify
patients with spontaneous chest pain (12), However, as with the published exercise ECG studies, the
included patienis were at very low risk, evidenced by the low numbers of patients with positive
DASE. Apart from logistic problems of performing DASE in the emergency room departntent, the
major drawback of this emergency room approach is that patients with a true acute coronary
syndrome are not given a second chance to show their myocardial ischemia by means of CK
enzyme rise or ECG monitoring. Moreover, DASE was not performed in patients with resting watl
thickening abnormalities. By not performing DASE in patients with resting wali thickening
abnormalities patients in whom the wall thickening abnormalities represent actual myocardial
ischemia are protected against potential harmful DASE. Unfortunately, this implies that all patients
with actually nonischemie wall thickening abnormalities (in our study over a third of the patients)
are not suitable for such a protocol and will be hospitalised for prolonged observation.

Limitations. Inherent to the study protocol was the availability of DASE results to all physicians
treating the patients. Knowledge of these results obviously affected management decisions
regarding the aggressiveness of medical therapy or performance of coronary artery
revascularization. As a result the predictive value of positive DASE, and in particular of high-risk
DARSE, for cardiac events such as PTCA or CABG could be anticipated. The number of patients
with a hard cardiac event (death or MI} was surprisingly low. Patients with spontaneous chest pain
without evidence of ischemia on the resting ECG constitute a relatively low-risk group, as opposed
to high-risk unstable patients with ECG evidence of ischemia (29). On the other hand, the overall
predictive value of positive DASE for cardiac events during follow-up may have been
underestimated because of the intensive medical and invasive treatment of patients with positive
DASE. The number of patients inchided in our study was relatively small. Therefore, conclusions,
especially reparding safety, should be interpreted with caution.

Conclusions. Our resulis show that DASE can safely discriminate patients with spontaneous chest
pain and a nondiagnostic ECG into fow- and high-risk subsets for cardiac events. Other, larger
studies are needed to confirm our findings and to assess the relative value and cost-effectiveness of
this protocol in comparison to other protocols, involving other stress modalities. A study using
troponin T as chemical marker of myocardial injury (30) and comparing early DASE with early
exercise stress testing or a more conservative strategy is currently in progress in Europe.
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Appendix L. Chest pain score

Location

Substernal +3

Precordial +2

Neck, jaw, epigastrium +1

Apical -1
Radiation

Either arin +2

Shoulder, back, neck, jaw +1
Character

Crushing, pressing, squeezing +3

Heaviness, tightness +2

Sticking, stabbing, pinprick catching -1
Severity

Severe: +2

Moderate +1
Influenced by

Niiropglycerine +1

Stature -1

Breathing -1
Associated symptoms

Dyspnea +2

Nausea or vomiting +2

Diaphoresis +2
Previous history of exertional angina +3
Appendix I Risk factor score
Hypertension +1
Smoker +1
Diabetes +1
Family history of coronary disease +1
Hypercholesterolemia +1
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Appendix ITL. Physical examination score

Pulmonary rales +i
Increased central venous pressure +1
Pain at local pressure -1
Third heart sound +1
Mitral regurgitation murimur +1
Pericardial friction rub -1
Vascular bruits +1
Peripheral edema +1
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APPENDIX

The data presented in this thesis were derived from 6 prospectively defined databases:

L

A multicenter database on 223 patients who underwent simultaneous dobutamine ECHO and
MIBI and coronary angiography within 3 months (chapter 4)

A multicenter database on 64 left bundle branch block patients without prior myocardial
infarction who underwent dobutamine ECHO and coronary angiography within I month

{chapter 8)

A singlecenter database on 418 patients who underwent dobutamine MIBT (chapter 9)

A singlecenter database on 260 of the above-described patients who underwent simultaneous
dobutamine ECHO and MIBI (chapter 11}

A singlecenter database on 200 patients with normal dobutamine ECHO results {chapter 10)

A singlecenter database on 102 patients with suspected unstable angina who underwent
dobutamine ECHO (chapter 12}

The data used in the retrospective studies presented in chapters 3 and 5 to 7 were derived from the
third database
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In this thesis the methodology of dobutamine stress testing and the relative diagnostic and
prognostic merits of imaging myocardial ischemia with twe-dimensional echocardiography
(ECHO) and technetium-99m single-photon emission computed tomographic scintigraphy (MIBI)
in patients with chest pain and known or suspected coronary artery disease (CAD) were described.

Test methodology

Dobutamine is a synthetic catecholamine with a relatively short plasma half-iife of approximately 2
minutes due to rapid metabolization in the liver to inactive inetabolites. It has strong By~receptor and
mild oy~ and 8,-receptor agonist activity. This activity results in marked positive chronotropic
(mediated by B;-receptor stimulation) and inotropic {mediated by both f;-receptor and o;-receptor
stimulation) effects. Systemic blood pressure increases only minimally due to an increase in cardiac
output and a decrease in systemic vascular resistance because of peripheral vasoconstrictive effects
{mediated by o)-receptor stimulation) overwhelmed by vasodilative effects (mediated by B;-
receptor stimulation). In patients without sufficient rise in heart rate, the addition of atropine can
further increase heart rate by its vagolytic effects. As a result of the hemodynamic changes there is
an increase in oxygen demand and as a consequence in coronary artery blood flow. In myocardial
regions supplied by a coronary artery with a critical stenosis, the increase in oxygen demand cannot
be met by an adequate increase in blood flow. The resultant heterogeneity in blood flow can be
detected by a decrease in technetium-99m uptake in the malperfused myocardium. If regional
malperfusion is severe enough, wall thickening abnormalities develop which can be defected by
two-dimensional echocardiography.

Each imaging modality has its specific benefits. Echocardiography machines are smaller in
size, portable and widespread available at relatively low cost. Echocardiography is capable of
accurately defining systolic and diastolic function, chamber dimensions, volumes and wall
thickness. Non-ischemic explanations for patient syinptoms may be apparent from visualization of
valve anatomy and gradients or pericardial effusion. Myocardial ischemia, including the ischemic
threshold, may be observed on-line during stress echocardiography, which may be attractive in
patients in whom safety is a major concern. Nuclear perfusion images, however, are sometimes of
better quality, easier to interpret and can be analyzed quantitatively by a computer, whereas the
interpretation of stress echocardiograms is always subjective.

Diagnostic merits
- Patients with suspected CAD

Despite the fact that sensitivity (probability of an abnormal test result, given the presence of
disease) and specificity (probability of a normal test result, given the absence of disease) define the
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strength of a stress test, the final result of dobutamine ECHO or MIBI cannot be satisfactorily
interpreted unless the pre-test probability of CAD is considered. According to Bayes’ theorem post-
test probability can be calculated according to pre-test probability (based on gender, age and chest
pain characteristics) and the sensitivity and specificity of the test. In a prospective, multicenter
study in 223 patients with suspected CAD, 15 patients were, according to the pre-test probabilities,
in the low-risk group (CAD probability <10%), 53 patients were in the high-risk group (probability
>80%), and the remaining 155 patients were in the intermediate-risk group (probability 10-80%) for
having CAD. Sensitivity and specificity for the detection of CAD {defined as a =50% diameter
stenosis at quantitative coronary angiography) were, for dobutamine ECHO versus MIBI
respectively, 72% versus 76% and 79% versus 63%. Dobutamine ECHO was more specific than
MIBI. Both dobutamine ECHO and MIBI significantly reduced the mumber of patients in the
intermediate-risk group {from 155 to 102 and 126, respectively) The reduction of patients in this
intermediate-risk group was better for dobutamine ECHO than for MIBL. Most importantly,
dobutamine stress testing did not only identify absolutely more patients with post-test *diagnostic’
low- or high-risk probabilities but the relative number of patients in the low-risk group with true
absence of CAD and the number of patients in the high-risk group with frue presence of CAD
tended to be higher, both for dobutamine ECHO (105/121, 87%) and for MIBI (88/97, 91%)
compared to patients with pre-test ‘diagnostic’ low- or high-risk probabilities (56/68, §2%).

- Patients with a history of myocardial infarction

The major goals of dobutamine stress testing in patients with a history of myocardial infarction are
to assess infarct-related coronary artery stenosis and to identify patients with muitivessel CAD in
whom coronary angiography and eventually myocardial revascularization may be indicated. In a
refrospective study in 72 patients with a history of myocardial infarction and known coronary
anatomy, sensitivity and specificity for the detection of infarct-related CAD were, for ECHO versus
MIBI respectively, 56% versus 44% and 82% versus 82%. The sensitivity and specificity for the
detection of multivessel CAD (as assessed by a multivessel ischemic pattern) were, for ECHO
versits MIBI respectively, 40% versus 36% and 96% versus 96%., It should be emphasized that the
echocardiographic “biphasic” response to detect myocardial ischemia in patients with resting wall
thickening abnormalities was not used in this study.

- Patients with left ventricular hypertrophy

Hypertension is a major risk factor for the development of CAD and a frequent finding in patients
undergoing dobutamine. sfress testing. Patients with hypertension often have left ventricular
hypertrophy, a condition that is presumed to potentially cause false positive perfusion defects in the
absence of CAD due to impairment of coronary flow reserve. To investigate the relative role of
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dobutamine ECHO and MIBI in this patient subset we retrospectively studied 84 hypertensive
patients (59 with left ventricular hypertrophy and 25 without left ventricular hypertrophy) with
known coronary anatomy. Sensitivity and specificity for the detection of CAD were, for ECHO
versus MIBI respectively, 73% versus 67% and 83% versus 83%. A subanalysis in patients with
versus without left ventricular hyperirophy did not show a difference in diagnostic accuracy for the
detection of CAD, both for dobutamine ECHO and MIBI.

- Patients with left bundle branch block

In patients with left bundle branch block, exercise myocardial perfusion studies often suffer from false
positive perfusion defects in the interventricular septum despite a normal left anterior descending
coronary artery, Several mechanisms have been proposed to explain these perfusion defects. In left
bundle branch block patients, septal contraction occurs af the very end of systole, The regional
myocardial compressive effect may restrict coronary blood flow during early diastole, when most
perfusion nonmally occurs. As heart rate increases and diastole shortens, the relative septal
hypoperfusion may even become inore apparent. During dobutamine stress, the attained heart rate is
usually lower than during exercise which could potentially preserve the specificity of the test. In a
retrospective dobutamine MIBI study in 20 patients without feft anterior descending stenosis,
specificity for CAD in this artery was 80%.

In a prospective, multicenter dobutamine ECHO study in left bundle branch block patients
without a history of myocardial infarction we found that in 49 patients without left anterior descending
stenosis specificity for CAD in this artery was 97%. In the 15 patients with CAD in the left descending
coronary attery sensitivity for the detection of CAD, however, was quit low in patients with abnormal
rest septal thickening (44%) as opposite to patients with normal rest septal thickening (83%).
interestingly, the likelihood of having relatively normal rest septat thickening was higher in patients
with shorter QRS-duration and normal QRS-axis, So, patients who potentially most benefit from
dobutamine ECHO may initially be selected by their resting electrocardiogram.

Prognostic merits
- Patients with stable chest pain

The prognostic value of dobutamine MIBI was assessed in 392 patients with stable chest pain. This
study indicated that patients at greater risk for hard (cardiac death or myocardial infarction) or all
cardiac events (hard events or late revascularization procedures) can be identified by virtue of their
clinical and MIBI scintigraphic profile. The single most important independent predictor of
subsequent events was abnormalities on the perfusion study {any abnormality); such an abnormal
finding increased the risk for subsequent hard cardiac events tenfold and for all events eightfold. A
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normal scan conferred a good prognosis and identified 33% of the patients that were at a very low
risk for hard events (annual event rate 0.8%) and low risk for all events (annual event rate 2.5%).
An ischemic pattern provided additional, independent prognostic value. Compared to patients
without ischemia, these patients had a threefold increased risk for both hard and all events, Most
importantly, this study clearly showed a direct relation between the extent and severity of
dobutamine-induced perfusion defects and prognosis.

In another study the relative prognostic value of dobutamine ECHO and MIBI was assessed
in 220 of the 392 above-described patients. No significant differences where found in the prognostic
value of the two imaging modalities although the positive predicilive value of an ischemic
dobutamine ECHO study tended to be somewhat better. After analyzing different strategies of
adding dobutamine ECHO to MIBI or dobutamine MIBI to ECHO, it was speculated that addition
of dobutamine MIBI to a nonischemic submaximal dobutamine ECHO study may be a reasonable
and financially convenient strategy to optimize the predictive value of dobutamine stress testing,

In a third study in 200 patients with stable chest pain it was shown that patients with low or
intermediate pre-test probabilities of CAD and a normal dobutamine ECHO study had a negligible
cvent rate during a 2-year follow-up. Patients with high pre-test probabilities of CAD and a
submaximal normal dobutamine ECHO study, and in particular those patients with other signs or
symptoms of myocardial ischemia dwring dobutamine stress (angina or ischemic
electrocardiographic changes) still appear to be at some risk for functionally important CAD.

- Patients with suspected unstable chest pain

To shorten hospital stay and to study the predictive value of early dobutamine ECHO in patients
with suspected unstable angina we prospectively studied 102 patients with spontaneous chest pain
and a nondiagnostic ECG. All patients underwent serial creatine kinase enzyme measurement,
continuous ECG monitoring for at least 12 h and dobutamine ECHO in case of negative creatine
kinase enzymes and normal findings at ECG monitoring, Patients with negative dobutamine ECHO
were discharged within 24 h of the fest (usually the same day). Six months follow-up events noted
were cardiac death, nonfatal myocardial infarction, unstable angina, and coronary revascularization.
Thirteen patients had evidence of evolving myocardial infarction by elevated creatine kinase
enzymes or unstable angina by ECG monitoring. In the remaining 89 patients, dobutamine ECHO
was performed after a median observation period of 31 hours, During the test no serious
complications occurred. Dobutamine ECHO results were of poor quality in 3, nondiagnostic in 6,
negative in 44 and positive in 36 patients. In the 80 patients with a diagnostic debutamine ECHO
study, variables associated with events during follow-up were history of exertional angina, stress-
induced angina and a positive dobutamine ECHO study, At multivariate analysis the only
significant predictor of events was a positive dobutamine ECHO study.
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Our resulis in perspective of other published data

In general, our diagnostic dobutamine ECHO and MIBI results are within the range of those
reported by others (see Tables 1-3 and Tables {-2 in Chapter 1), although the available data in
specific patient populations are scarce. However, a comparison of our results with those reported in
the Hterature is not that refevant since patient characteristics, stress protocols, criteria for a positive
test and the golden standard for CAD are so different. More important than individual study results
are the respective values of dobutamine ECHO and MIBI, studied in head-to-head comparisons.
Some nuclear orientated physicians have concluded that stress myocardial perfusion scintigraphy is
{1] more sensitive for the detection of overall CAD, especially for the detection of single-vessel
CAD, [2] superior in the localization of disease in a specific vessel, and [3] superior in the
identification of multivessel CAD (25). The authors included in their analysis both head-to-head
comparisons and indirect comparisons between the imaging modalities, did not analyse all available
studies and did not take into account the earlier discussed limitations of published studies. Only in
our dobutamine study in patients with suspected CAD we found a tendency towards better
identification of CAD by dobutamine MIBI. Of note, in this study the relatively mild stress level
(atropine was not used in this study) was not favoring the echocardiographic detection of
myocardial ischemia. On the other hand, dobutamine ECHO may be the more specific test.

More important than diagnostic results (or knowing the coronary anatomy of a patient) is to
know if a positive test denotes worse outcome {and ultimately if medical or invasive interventions
improve outcome). Clearly, coronary anatomy has predictive power (26). Several studies, however,
have indicated that functional tests are better capable of predicting future events (27). So, how do
stress echocardiography and perfusion imaging perform in this respect? In a recent publication,
Kenneth A. Brown concluded that the ability to define a low-risk cohort is not the same for stress
echocardiography (estimated annual hard event rate 6%) and stress myocardial perfusion imaging
(estimated rate <1%) and the use of stress echocardiography may therefore not be appropriate for
cardiac risk stratification (28). Again, such a conclusion seems inappropriate, not only because of
the earlier mentioned limitations in comparing studies, but also by defining stress echo studies with
resting wall motion abnormalities as norinal,

Our excellent prognostic debutamine ECHO results were recently confirmed by a larger
study from the Mayo Clinic (29). In this study, 860 patients {witlh comparable baseline
characteristics, undergoing a similar stress protocol} were followed-up for a mean of 24 months,
Hard annual events rates for patients with a normal versus an abnormal stress echocardiogram were
2.0% versus 6.6% (in our study 0.4% versus 6.6%). Event rates for nonischemic versus ischemic
stress echocardiograms were 3.9% versus 6.9% (in our study 2.4% versus 7.6%)}. For all cardiac
events these numbers were, respectively, 2.3% versus 12,9% and 5.8% versuzl5.0% (in our siudy
these numbers were 2,3% versus 14.2% and 5.6% versus 16.8%). Preliminary, extended data in
1,737 patients from our center by Poldermans ef al. (30) also confirm our data, An annual hard
event rate less than 2.0% for patients with a normal stress echocardiogram was also reported by
authors describing the value of exercise (31-33) or dipyridamole (34) stress echocardiography.



Table 1. Diagnostic Accuracy of Dobutamine Stress Myocardial Perfusion Imaging As Reported in 20 Studies

Year Author Protocol Tracer Analysis Patients Mearage Men MI  B-Blocker CAG Defect Sensitivity Specificity Accuracy
1984 Mason (1) 20 «5min Tl-201  Planar 24 59 NA 0% 48hstwop =50,V  Rev 94% 88% 92%
1991 Peanell (2) 20 -5min Ti201 Planar 50 54 84% 30% 48hstop >50,V  Rev 98% 80% 94%
1993 Gunalp (3} 30 -3min Tc-9% SPECT 27 47 85% 0%  48hstop =50,V Rev 94% 89% 93%
Forster (4) 40+A -3 min Te99 SPECT 21 62 55% 0% 52% »50,V  Rev 83% 39% 86%
Marwick (3) 40 -3min Te99  SPECT 217 58 2% 0% 19% >50.Q Any 76% 67% 73%
Penneli (6) 40 -3 min T1-201  Planar 20 63 6% 0% 0% >50,V  Rev 91% 78% 85%
Hays (7) 40 -3 min TI201  SPECT 67 63 30% 25% 10% >50,Q  Any 86% 90% 87%
Warner (8) 50 -3 min TI201 SPECT 16 61 44% 56% 24hstop >50,Q Any 93% 100% 94%
1994 Senior (9) 40 -3 min Te-98 SPECT 61 63 2% 21% T2hstop >50, V. Any 95% 1% 89%
Herman (10} 30 -S5min Te-99  SPECT 20 57 92% 29% 42% >50, V. Any 100% 100% 100%
1995 This thesis 49 -3 min Te-99 SPECT 223 58 69% 0% 23% >50,Q Any 76% 63% 1%
Thorley (11)  40+A -4 min Te-$¢ SPECT 23 57 69% 48% 48hstop >50,V  Any 95% 100% 96%
Henzlova (12) 40 -3 min TI-201 SPECT 15 48 65% 0% + >50,%V  Rev 100% 36% 53%
1996 DiBello (13)  40+A -3 min Te-99 SPECT 45 53 % 0% stopped  >30,V  Rev §71% 86% $7%
Kisacik (14) 40+A -3 min Te-99  SPECT &9 51 84% 30% 48hswop 30,V  Rev 96% 64% 86%
Iftikhar (15) 40 -3min Te-99 SPECT 38 55 57%  33% 9% >30,V  Any T9% 90% 82%
1997 Huang {16) 40+A -3 min T1-201 SPECT 93 61 7%  39% 58% »50,¢ Rev $0% 81% 87%
Caner (17) 40+A -3 min Both SPECT 29 NA 52% 38% 48hstwop 50,V Rev $4% 70% 7%
1998 Santoro (18) 40+A -3 min Te-99 SPECT 60 NA NA 0% NA >70,Q@ Any 91% 81% 7%
San Roman (19 40+A -3 min Tc-99 SPECT 92 64 9% 0% 9% >50.Q  Any 8§7% 70% 82%

A = atropine; CAG = coronary angiography: MI = myocardial infarction; NA = not available; Rev = reversible defect; SPECT = single-photon emission computed
tomography: Q = (semi)quantitative; V = visual

SNOISNTONGD ANV AAVININGS
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Table 2. Dobutamine stress testing in patients with hypertension and/or left ventricular hypertrophy

Year Author Dob dose Echocardiografie Perfusie scintigrafie
Sensitivity Specificity Sensitivity Specificity
1993 Marwick (5) 40 HT - - - - - - - -
LVH 27/37  (73%) 16/17 (94%) 29/37 (78%) 10/17 (59%)
1996  Senior 20) 40 HT 27/29  (93%) 14/14 (100%) - - - -
LVH 17/19  (89%) 9/ (100%) - - - -
1998 Ho (21) 40 HT 26/29  (90%) 23727 (85%) - - - -
LVH 16/17  (93%) 12/14  (84%) - - - -
1998  This thesis 40* HT 48/66 (73%) 15/18 (83%) 44/66 (67%) 15/18 (83%)

LVH 35/46  (76%) 1113 (85%) 32/46 (70%) 11113  (85%)

A = Atropine, Dob dose = Dobutamine dose in pg/kg/min, HT = Hypertension, LVH = Left ventricular hypertrophy.
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Table 3. Dobutamine stress testing in patients with left bundle branch block

Year Author Dob dose Echocardiografie Perfusie scintigrafie
Sensitivity Specificity Sensitivity Specificity
1995 Mairesse (22) 40  Overall 1415 (93%) 7/9 (78%) 10/15 (67%) 8/9  (89%)

Anterior 1012 (83%) 1112 (92%) 912 (75%) 11112 (92%)
Posterior  11/13  (85%) &/11 (73%) 1713  (8%) /11  (82%)

1996  Vaduganathan (23) 40 Overall . - - - 2325 (2% 12 (50%)
Anterior . - - - 17/17  (100%) 8/10  (80%)
Posterior - - - - - - - -
1997  Caner (24) 40 Overall - - - - - - 3/19  (16%)
Anterior - - - - - - 319 (16%)
Posterior - - - - - - 16/19  (84%)
1999  This thesis 40*  Overall 13/19 (68%) 41145 (91%) - - - -

Anterior 9715 (60%) 46/49 (94%) - - - -
Posterior 8/12 (67%) 5152 (98%) - - . -

1999  This thesis 40" Overall - ; - - 1316 (81%) 913  (69%)
Anterior - ] - - 59  (56%) 16/20 (80%)
Posterior - - - - 813 (62%) 13/16 (81%)

SNOISNTTINOD ANV AMVININLS

A = Atropine, Dob dose = Dobutamine dose in pg/kg/min, LBBB = Left bundle branch block. Anterior and posterior refer
to the respective circulations.
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Despite some theoretical limitations of dobutamine as a stressor used in conjunciion with
perfusion imaging, our prognostic dobutamine MIBI results were comparable to previously
published exercise (35) and dipyridamole (36) MIBI results. The comparable prognostic value of
stress echocardiography and myocardial perfusion imaging, described in our dobutamine study, was
recently confirmed by authors describing the respective values of dobutamine (37), exercise (383,
and dipyridamole (39) stress.

Which test for whom?

Several stress modalities are available to the clinician for the detection of myocardial ischemia and
risk assessment. This section will discuss the choice for a stress modality in a particular patient. The
discussion will be focused on today’s most popular stressors exercise (bicycle or treadmill) and
pharmacological stress testing with a vasodilator (adenosine, dipyridamole) or dobutamine and the
imaging modalities two-dimensional echocardiography and perfusion scintigraphy. Other, more
expensive and/or less available imaging modalities such as magnetic resonance imaging, electron-
beam computed tomography, positron emission tomography and radionuclide ventriculography and
less commonly used stressors such as arbutamine, pacing, ergonovine, cold pressor or
hyperventilation will not be discussed.

Indications for exercise siress lesting

In the majority of patients capable of performing adequate exercise, exercise electrocardiography
should be the test of choice because of the widespread availability and experience, costs,
reproducibility of symptoms, assessment of haemodynamics and patient acceptance. Addition of an
imaging modality is necessary in patients witht a high incidence of false-positive tests because of
hyperventilation syndromes, mitral valve prolapse and repolarization abnormatities related to left
veniricular hypertrophy, conduction disturbances (left bundle branch block, pre-excitation,
ventricular paced rhythm) or digitalis therapy, Stress imaging is also helpful when identification of
the site of myocardial ischemia or the direct measurement of specific ancillary information {for
example, left ventricutar ejection fraction) is necessary for patient management. Whether it is cosi-
effective to routinely use an imaging modality in women is controversial.

Indications for pharmacological stress testing

In patients unable to perform adequate exercise, because of deconditioning or neurologic,
respiratory, peripheral vascular or orthopedic limitations, pharmacological stress testing with a
vasodilator (adenosine, dipyridamole} or dobutamine is indicated, because of a decrease in
sensitivity associated with submaximal exercise stress, Pharmacological stress is also indicated in
patients with left bundle branch block, because of a decrease in specificity associated with exercise
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stress. The stressor of choice is dependent on costs, patient characteristics, the imaging modality
and focal expertise.

Dobutamine is preferred in patients with:

- allergy to vasodilators

- obstructive airway disease {active wheezing or a recent exacerbation)

- atrioventricular node disease

- arterial hypotension

- caffeine-containing beverages used <{2 hours before testing ‘

- dipyridamole or theophylline-containing compounds used <24 hours before testing
- echocardiographic imaging

Vasodilators are preferred in patients with:

- allergy to dobutamine

- known susceptibility to ventricular arthythmias
- relatively uncontrolled atrial fibrillation

- refatively uncontrolled hypertension

- mild hypokalemia

- symptomatic or large aortic aneurysm {7}

- left bundle branch block (?)

- perfuston imaging (7)

Echocardiographic or perfusion scintigraphic imaging is always necessary in combination with
pharmacological stress testing because the sensitivity of drug-induced electrocardiographic changes
is relatively low. As with the stressor of choice, the imaging modality of choice is dependent on
costs, patient characteristics, the stressor and local expertise.

Perfusion scintigraphy is more useful in:

- patients with a poor echocardiographic window (obese, airway disease)
- patients requiring vasodilator stress

- detection of {(anatomically defined) mild CAD

Echocardiography Is more useful in:

- patients in whoin safety is a concern

- assessment of the functional significance of a stenosis

- patients with a suspicion of significant valvular, myocardial or pericardial disease
- studies being performed 1o assess the adequacy of therapy (7)

- patients with LVH {?)

- patients with heart transplantation (?)

- women (7)
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Conclusions and future directions

As described, each imaging modality has its specific benefits. For this moment one could argue that
perfusion imaging may be somewhat more sensitive to detect milder forms of CAD, at the cost of a
lower specificity, For prognostic purposes, more related to severe forms of CAD, echocardiography
and perfusion imaging seem to have comparable strength. However, the choice for one of the
imaging modalities should not only be based on their diagnostic or prognostic accuracies but also
on patient characteristics, costs {or better cost-effectiveness), and local experience. Furthermore,
many technical improvements are expected to find their way into the ¢linic in the near future. The
use of new technetium-99m labeled fracers, multihcad gamma cameras, and photon
attenuation/scatter or depth resolution compensation all have the potential to enhance perfusion
image quality and decrease the number of artifacts. Likewise, edge detection based on backscatter
analysis and acoustic quantification with color coding for the assessment of the time course of
endocardial motion, tissue Doppler imaging, and the use of contrast agents will hopefully enhance
the ability to characterize and quantify echocardiographically detected wall motion and thickening.
Contrast echocardiography as well as ECG-gated single-photon emission computed tomographic
imaging may eventually allow evaluation of myocardial function and perfusion with the use of only
one imaging modality. All these developments will certainly require the reassessment of the relative
role of the two imaging modalities in the future!
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In dit proefschrifi werd de methodologie en relatieve diagnostische en prognostische waarde van
dobutamine echocardiografic (ECHO} en dobutamine perfusie scintigrafie met technetium-99m
(MIBI) besproken bij patinten met borstklachten mogelijk berustend op ziekte van de
kransslagaders,

Test methodologie

Dobutamine is een lichaamsvreemde stof welke na toediening in de bloedbaan leidt tot een stijging
van de hartfrequentie, een verbetering van de pompfunctie van het hart en een geringe toename van
de bloeddruk. Als gevolg van deze veranderingen heeft de hartspier meer zvurstof nodig. Om aan
deze zuurstofvraag te kunnen voldoen zullen de kransslagaders zich verwijden waardoor meer bloed
met zuutstof door de hartspier kan stromen. Een zieke kransslagader met een belangrijke
vernauwing kan echter de bloedstroom minder laten toenemen dan een gezonde kransslagader.
Indien bij een patiént met kransslagaderziekte technetium-99m wordt ingespoten in de bloedbaan
zal dit verminderd worden opgenomen in die hartspierdelen die relatief minder van bloed worden
voorzien, Deze verminderde opname uit zich op de nucleaire scan als een perfusiedefect. Indien de
bloedvoorziening ook in absolute zin tekortschiet zal het betreffende hartspierdeel door
zuurstoftekort verminderd samenknijpen. Dit laatste kan middels echocardiografie gedetecteerd
worden daar deze techniek in staat is de zich samenknijpende hartspier in ‘real-time’ af te beelden.

Zowel dobutamine ECHO als MIBI hebben hun eigen, specificke voordelen, Echo machines
zijn kleiner, verplaatsbaar, in ieder ziekenhuis aanwezig en relatief goedkoop. Middels
echocardiografie kan op een nauwkeurige wijze de grootte van de hartholtes en de wanddikte en
pompfunctie van de hartspier bepaald worden. Tevens kunnen op eenvoudig wijze andere
verklaringen voor borstklachten zoals bepaalde hartklepgebreken of een onistoken hartzakje
zichtbaar gemaakt worden. Een eventueel optredend zuurstoftekort van de hartspier kan bovendien
tijdens de test ontdekt worden waardoor de test tijdig kan worden onderbroken (in tegenstelling tot
de nucleaire scintigrafie techniek waarbij plaatjes pas na afloop van de test gemaakt kunnen
worden). Het vroegtijdig onderkennen van zuurstoftekort is vooral aantrekkelijk bij patiénten
waarbij mogelijk ernstig zuurstoftekort wordt verwacht. Afbeelding van zwurstoftekort van de
hartspier met nucleaire scintigrafische technicken levert echter soms mooiere plaatjes op.
Bovendien =zijn de stilstaande nucleaire plaatjes in tegenstelling tot de bewegende
echocardiografische beelden veel eenvoudiger te interpreteren en kumnen zij ook geheel
automatisch en kwantitatief door een computer geanalyseerd worden.



SAMENVATTING 17

Diagnostische waarde
- Patiénten met mogelijk kransslagaderziekte

De nauwkeurigheid van een testuitslag wordt bepaald door de sensitiviteit (de kans op een
abnormale testuitslag, gegeven aanwezigheid van de ziekte) en specificiteit (de kans op een normale
testuitslag, gegeven atwezigheid van de ziekte) van de test. De resultaten van dobutamine ECHO of
MIBI zijn echter niet goed te interpreteren indien men de voorafkans op kransslagaderzickte
(gebaseerd op geslacht, leefiijd en bepaalde karakteristieken van de borstkiacht) niet in ogenschouw
neemt. In een studic bij 223 patignten met mogelijke ziekte van de kransslagaders vonden we dat,
volgens de voorafkans op kransslagaderziekte, 15 patiénten zich in de laag risicogroep (kans op
ziekte <10%), 53 pati8nten zich in de hoog risicogroep (kans op zickte >83%) en 155 patiénten zich
in de intermediaire risicogroep (kans op ziekte 10-80%) bevonden. De sensitiviteit en specificiteit
van dobutamine ECHO wversus MIBI voor het vaststellen van kransslagaderziekte waren
respectievelijk 72% versus 76% en 79% versus 63%. Dobutamine ECHO was significant meer
specifiek, Zowe] dobutamine ECHO als MIBI verminderden significant het aantal patiénten in de
intermediaire risicogroep (de groep patiénten waarbij het onduidelifk is of er sprake is van
kransslagaderziekte) van respectievelitk 155 naar 102 en 126 patignten. Deze vermindering van
patiénten in de intermediaire risicogroep was beter voor dobutamine ECHO. Overigens werden met
beliulp van zowel dobutamine ECHO als MIBI niet alleen in absolute zin meer patiénten voorzien
van een diagnostische lage of hoge kans op ziekte maar was bovendien het aantal patiénten zonder
daadwerkelijk ziekte in de laag risicogroep en met daadwerkelijk ziekte in de hoog risicogroep
(87% voor ECHO en 91% voor MIBI) ook relatief gezien hoger vergeleken met het aantal patiénten
met een juiste lage of hoge voorafkans (82%) op kransslagaderziekte.

- Patiénten met een hartinfarct in de voorgeschiedenis

De belangrijkste doelen van de dobutamine stress test bij pati®nten met een hartinfarct in de
voorgeschiedenis zijn het vaststellen van de ernst van de vernauwing in de kransslagader die het
hartinfarct veroorzaakte en de opsporing van patiénten met ziekte van meerdere kransslagaders bij
welke ingrijpen middels dotterbehandeling of hartoperatie noodzakeliik kan zijn. In een studie bij
72 patignten met een hartinfarct in de voorgeschiedenis die tevens cen contrastonderzoek van de
kransslagaders hadden ondergaan bleek dat de sensitiviteit en specificiteit voor het aantonen van
een ernstige vernauwing in de kransslagader die het hartinfarct had veroorzaakt, voor
respectieveliik ECHO versus MIBI, 56% versus 44% en 82% versus 82%. bedroegen. De
sensitiviteit en specificiteit voor het ontdekken van vernauwingen in meerderg kransslagaders op
basis van een sterk abnormale testuitslag bedroegen, voor respectievelijk ECHO versus MIBI, 40%
versus 36% en 96% versus 96%.
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- Pafiénten met linker kamerhyperirofie

Hoge bloeddruk is een belangrijke risicofactor voor het ontstaan van kransslagaderziekte. Deze
aandoening wordi dan ook veel gezien bij patiénten verwezen voor een dobutamine stress test, Als
gevolg van de hoge bloeddruk is vaak hypertrofie (eent toename van de spierdikte) van de harispier
ontstaan. In de literatuur is gesuggereerd dat hypertrofie aanleiding kan geven tot perfusiedefecten
op de MIBI scan zonder aanwezigheid van kransslagaderziekte. Teneinde de relatieve rol van
dobutamine ECHO en MIBI te bepalen onderzochten wij 84 patiénten met hoge bloeddruk
(waarvan 59 met hypertrofie van de hartspier) die tevens een contrastonderzoek van de
kranssiagaders hadden ondergaan. De sensiliviteit en specificitelt voor het ontdekken wvan
kransslagaderziekte bedroegen, voor respectievelik ECHO versus MIBI, 73% versus 67% en 83%
versus 83%. Er kon, zowel voor dobutamine ECHO als MIBI, geen verschil worden aangetoond in
diagnostische waarde bij pati¢nten met en zonder hypertrofie van de harispier.

- Patiénten mef een linker bundeliakblok

Bij patiénten met een linker bundeltakblok verloopt de activatie van de hartspier abnormaat en laten
scans gemaakt na een fietsproef vaak perfusiedefecten zien terwijl er geen sprake is van
kransslagaderziekte. Deze abnormale uitsiagen worden mogelijk veroorzaakt door de sterke stijging
van de hartfrequentie tijdens een fietsproef. Bij de dobutamine stress test loopt de hartfrequentie
echter minder hoog op en zijn deze perfusiedefecten mogelijk afwezig. Wij vonden bij 20 patignten
met een linker bundeltakblok zonder kransslagaderziekte een specificiteit voor dobutamine MIBI
van 80%.

Een dobutamine ECHO studie bij 49 patiénten met een linker bundeltakblok maar zonder
kransslagaderzickte liet een specificiteit zien van 97%. Bij 15 patignten met kransslagaderziekte
leek de sensitiviteit bij die patiénten met een hartspier die in rust al slecht samenkneep iets minder
(44%) dan bij die patiénten met een hartspier die in rust goed samenkneep (83%). Deze eerste groep
patignten die mogelijk minder gebaat zijn bij een dobutamine ECHO studie konden voor de test al
getdentificeerd worden middels een meer afivijkend hartfilmpje.

Prognostische waarde
- Patienten met stabiele borstklachten

De prognostische waarde van dobutamine MIBI werd onderzocht bij 392 patiénten met stabiele
borstklachten, Deze studie toonde aan dat patiénten met een groter risico op toekomstige ernstige
hartproblemen {dood of hartinfarct) of willekeurige hartproblemen (dood, hartinfarct,
dotterbehandeling of hartoperatic} kunnen worden ontdeki middels klinische en MIBI
scintigrafische parameters. De belangrijkste, onafhankelijke voorspeller van toekomstige
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hartproblemen was een abnormale perfusiescan (een scan met aanwijzingen voor zuurstofiekort of
een litteken passend bij een doorgemaakt hartinfarct). Een dergelijke scan verhoogde de kans op
een ernstige hartprobleem met een factor tien en de kans op een willekeurig hartprobleem met een
factor acht. Een geheel normale scan ging gepaard met een zeer laag kans op een ernstige
hartprobleem (jaarlijkse kans 0.8%) en een laag kans op een willekeurig hartprobleem (jaarlijkse
kans 2.5%). Een scan waarop zuurstoftekort van de hartspier te zien was had aanvuliende,
onafhankelijke voorspellende waarde. Vergeleken met patignten zonder zuurstofiekort hadden deze
patignten een driemaal zo grote kans op zowel een emstig hariprobleem als een willekeurig
hartprobleem. Bovendien toonde deze studie een duidelijk verband aan tussen de ernst en
uitgebreidheid van de afwijkingen op de scan en de kans op het optreden van hartproblemen.

In een andere studie werd de voorspellende waarde van dobutamine ECHO and MIBI
vergeleken bij 220 van de 392 beschreven patiénten. Er werden geen significante verschilien
gevonden fussen de twee afbeeldingstechnieken hoewel de kans op een hartprobleem na een
dobutamine ECHQO studie met aanwijzingen voor zuurstoftekort wat groter leek. Na analyse van
verschillende opties van toevoeging van dobutamine ECHO aan MIBI of dobutamine MIBI aan
ECHO werd gespeculeerd dat toevoeging van dobutamine MIBI aan een ECHO studie waarbij geen
zuurstoftekort van de hartspier gezien werd maar tevens de nagestreefde hartfrequentie niet werd
behaald een haalbare en kosten-effectieve methode leek om de voorspellende waarde van de
dobutamine stress test te optimaliseren.

In een derde studie bij 200 patiénten met stabiele borstklachien werd aangetoond dat
patignten met een lage of intermediaire voorafkans op kransslagaderziekte en een normale
dobutamine ECHO studie cen verwaarloosbare kans hadden op hartproblemen bimmen 2 jaar.
Patignten met cen hoge voorafkans op kransslagaderziekte en een normale dobutamine ECHO
studie waarbij de nagestreefde hartfrequentie niet werd behaald hadden echter nog een behoorlijke
kans op hartproblemen, met name als tijdens de dobutamine stress test andere tekenen van
zuurstofiekort van de hartspier gezien werden zoals borstklachten tijdens de test of veranderingen
op het hartfilmpje.

- Patiénten met mogelifk onstabiele borstklachten

Teneinde bij patiénten met mogelijk onstabiele angina pectoris de opnameduur te bekorten en de
voorspellende waarde van vroeg verrichte dobutamine ECHO te bepalen werden 102 pati#nten met
spontane borstklachten en een niet op zuurstoftekort wijzend hartfilmpje bestudeerd. Alle patiénten
ondergingen herhaaldelijk hartenzym bepalingen en continue monitoring van het hartfilimpje
gedurende tenminste 12 uur. Indien deze onderzoeken normaal waren werd dobutamine ECHO
verricht, Patignten met een dobutamine ECHO studie waarbij geen zuurstoftekort van de harispier
kon worden aangetoond werden vervolgens ontslagen. Gedurende 6 maanden werd vervolg
onderzoek gedaan naar het optreden van dood, hartinfarct, onstabicle angina pectoris,
dofterbehandeling of hartoperatie. Gedurende de ziekenhuisopname hadden 13 pati€nten bewijs
voor een hartinfarct (gestegen hartenzymen) of onstabiele angina pectoris (afwijkingen gedurende
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de continue monitoring van het hartfilmpje), In de overgebleven 89 patignten werd dobutamine
ECHO verricht na een mediane observatieperiode van 31 uur. Tijdens dobutamine ECHO vonden
geen belangrijke complicaties plaats. De dobutamine ECHO beelden waren van te slechte kwaliteit
bij 3 patiénten, niet diagnostisch (cen studic waarbij geen zuurstoftekort gezien werd maar tevens
de nagestreefde hartfrequentie niet werd behaald) bi} 6 patiénten, normaal bij 44 patiénten en
abnormaal bij 36 patignten. Een abnormale dobutamine ECHO sfudie was de enige onathankelijke
voorspeller voor hartproblemen na ontslag,

Conclusies

Zoals beschreven heeft elk van beide afbeeldingstechnieken zijn eigen, specifieke voordelen. Men
zou kunnen stelien dat dobutamine MIBI wat meer gevoelig is voor het vaststellen van milde
vormen van kransslagaderziekie, ten koste van een iets geringere specificiteit. Voor het voorspellen
van toekomstige hartproblemen, meer gerelateerd aan ernstige vormen van kransslagaderziekte,
lijken dobutamine ECHO en MIBI weinig voor elkaar onder te doen. De keuze voor één van de
twee afbeeldingstechnieken hangt echter ook af van de soort patiént, de kosten (of beter de kosten-
effectiviteit) en de ervaring van de aris met de afbeeldingstechnicken. De definitieve plaatsbepaling
van dobutamine ECHO en MIBI zal onder meer afhankelijk zijn van de vele technische
verbeteringen die bij beide afbeeldingstechnieken binnen afzienbare tijd hun weg in de kliniek

zullen vinden!
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