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Dobutamine stress echocardiography versus
quantitative technetium-99m sestamibi SPECT
for detecting residual stenosis and multivessel
disease after myocardial infarction
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Abstract

Objective—To compare the relative accuracy of dobutamine stress echocardiography (DSE) and
quantitative technetium-99m sestamibi single photon emission computed tomography (mibi
SPECT) for detecting infarct related artery stenosis and multivessel disease early after acute
myocardial infarction.

Design—Prospective study.

Setting—University hospital.

Methods—75 patients underwent simultaneous DSE and mibi SPECT at (mean (SD)) 5 (2)
days after a first acute myocardial infarct. Quantitative coronary angiography was performed in
all patients after imaging studies.

Results—Significant stenosis (> 50%) of the infarct related artery was detected in 69 patients.
Residual ischaemia was identified by DSE in 55 patients and by quantitative mibi SPECT in 49.
The sensitivity of DSE and mibi SPECT for detecting significant infarct related artery stenosis
was 78% and 70%, respectively, with a specificity of 83% for both tests. The combination of DSE
and mibi SPECT did not change the specificity (83%) but increased the sensitivity to 94%. Mibi
SPECT was more sensitive than DSE for detecting mild stenosis (73% v 9%; p = 0.008). The
sensitivity of DSE for detecting moderate or severe stenosis was greater than mibi SPECT (97%
v 74%; p = 0.007). Wall motion abnormalities with DSE and transient perfusion defects with
mibi SPECT outside the infarction zone were sensitive (80% v 67%; NS) and highly specific
(95% v 93%; NS) for multivessel disease.

Conclusions—DSE and mibi SPECT have equivalent accuracy for detecting residual infarct
related artery stenosis of = 50% and multivessel disease early after acute myocardial infarction.
DSE is more predictive of moderate or severe infarct related artery stenosis. Combined imaging
only improves the detection of mild stenosis.

(Hearz 2001;86:510-515)
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The detection of residual ischaemia in the inf-
arct zone and the presence of multivessel
disease early after acute myocardial infarction
is clinically important so as to identify patients
at high risk of future cardiac events and to
select those who should benefit from a
revascularisation procedure.'”> Several non-
invasive methods can be used for detecting
jeopardised myocardium. An exercise ECG is
the most commonly used test, but its diagnos-
tic accuracy is limited.” Combined dynamic
exercise and thallium-201 scintigraphy is a
more accurate technique for identifying re-
sidual ischaemia.* However, maximum exercise
testing is not feasible in many patients
surviving acute myocardial infarction because
of physical constraints.” Both dobutamine
stress echocardiography (DSE) and
technetium-99m sestamibi single photon emis-
sion computed tomography (mibi SPECT) are
now widely used as alternative methods in the
diagnosis and functional evaluation of coron-
ary artery disease, with or without acute myo-
cardial infarction.”” However, the ability of
these techniques to predict residual stenosis of
the infarct related artery and the presence of
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multivessel disease early after acute myocardial
infarction has not been compared.

Our aims in this study were first, to
investigate the relative accuracy of DSE and
quantitative mibi SPECT for detecting residual
infarct related artery stenosis early after acute
myocardial infarction; second, to investigate
their relative value for identifying multivessel
disease; and third, to determine whether the
combination of both techniques could increase
diagnostic accuracy.

Methods

PATIENTS

The study population consisted of a series of 88
consecutive patients admitted for a first
non-complicated acute myocardial infarct.
Acute myocardial infarction was suspected on
the basis of chest pain lasting more than 30
minutes with acute ST segment deviation of
= 1 mm in two or more leads on the initial
ECG, confirmed by a typical increase and
decrease in serum creatine kinase and MB
fraction concentrations. All patients gave in-
formed consent, and the study was approved by
the institutional ethics committee.
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The patients underwent simultaneous DSE
and mibi SPECT at (mean (SD)) 5 (2) days
after acute myocardial infarction and before
coronary angiography. None of these selected
patients had any of the following exclusion cri-
teria: intraventricular conduction defect, valvar
or cardiomyopathic heart disease, overt heart
failure or contraindications to dobutamine
infusion including postinfarction angina, major
ventricular arrhythmias, or severe systemic
hypertension. Nine patients were excluded for
non-interpretable scintigraphic (n =5) or
echocardiographic (n = 4) findings, and four
other patients were excluded for technical
reasons. The final study consisted of the
remaining 75 patients.

DOBUTAMINE STRESS TEST

B Adrenergic blocking agents were withdrawn
48 hours before the study. Dobutamine was
infused intravenously, starting at a dose of
5 pg/kg/min, increasing to 10 pg/kg/min after
three minutes), and then by 10 pg/kg/min every
three minutes up to 40 ug/kg/min. Atropine
(0.25 mg to a maximum dose of 1 mg) was
added if the target heart rate of 85% of the age
predicted maximum heart rate was not
achieved. End points for dobutamine infusion
were: target heart rate, maximum dose, chest
pain, = 2 mm ST segment depression in two
or more ECG leads, significant arrhythmias,
severe hypertension (systolic blood pressure
> 230 mm Hg), or hypotension (a fall in systo-
lic blood pressure of > 30 mm Hg). The ECG
was monitored continuously throughout the
test and recorded at each stage. Blood pressure
was measured at each stage by arm cuff sphyg-
momanometry.

STRESS ECHOCARDIOGRAPHY
All echocardiograms were digitised on-line on
optical disks and displayed side by side in a
quad screen format (Vingmed CFM 800 or
System Five, General Electric Ultrasound, Bel-
gium). Parasternal long and short axis and api-
cal long axis four chamber and two chamber
views were analysed. Images were interpreted
qualitatively by two experienced observers who
were unaware of the clinical, scintigraphic, and
angiographic data. For both rest and stress
studies, the left ventricular wall was divided
into 16 segments and scored using a four point
scale: 1, normal; 2, hypokinesis; 3, akinesis; 4,
dyskinesis. The vascular distribution of seg-
ments was defined according to a previously
described technique.' Four different echocar-
diographic responses were identified:
® sustained improvement, when improvement in
contractility was observed in dyssynergic
segments until peak dose without deteriora-
tion
® a biphasic response, defined as an initial
improvement in contractility score by = 1
point in the infarct area at low dose
dobutamine, followed by subsequent wors-
ening at high dose
® worsening in the adjacent area, corresponded
to the development of new dyssynergy in two
or more segments adjacent to the infarcted
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zone, with no change in the affected
segments

® akinesis without change, defined as no change
in basal asynergy throughout dobutamine
test.

A patient was considered to have a contrac-
tile reserve on dobutamine echocardiography if
wall thickening improved in two or more
contiguous segments. A biphasic response and
worsening in the adjacent area were the criteria
for residual stenosis in the infarct related
artery. Multivessel disease was defined as
abnormal wall thickening in two or more con-
tiguous segments in one or more remote
vascular territories. Follow up resting ECGs
were obtained 2 (1.5) months after the acute
event in all patients, and functional recovery
was considered to be present when the wall
thickening score increased by at least one point
in two contiguous segments of the affected
area.

SCINTIGRAPHIC PERFUSION IMAGING

An injection of 20 mCi of technetium-99m
(**™Tc) sestamibi was given one minute before
the end of the dobutamine infusion to allow
tracer uptake under optimal stress conditions.
Tomographic imaging was performed 60-90
minutes after the injection using a 90° dual
head gamma camera (Sopha DST, General
Electric Medical System Benelux) equipped
with high resolution collimators.

Thirty two projections were acquired for 30
seconds per view over a 180° arc from left pos-
terior oblique to right anterior oblique. A 20%
energy window was used, centred on the
140 KeV “™Tc¢ photopeak. Images were col-
lected in a 64 x 64 matrix. Particular care was
taken to avoid patient motion as well as overlap
from extracardiac activity. A rest study was
done on a separate day, 60-290 minutes after
the injection of 20 mCi of *"Tc and using 40
seconds per view. Image reconstruction was
performed using a filtered back projection and
a Butterworth filter, order 6, cut off frequency
0.25 cycle/pixel. Data were not corrected for
scatter or attenuation. Images were reoriented
to provide horizontal long axis, vertical long
axis, and short axis slices according to the
guidelines of the joint American Heart
Association/American College of Cardiology
task force."

Radial slices and polar maps were also
produced using quantitative analysis software
validated in our institution."” This software first
creates 16 oblique long axis slices at different
fixed angles around the left ventricular long
axis taken as the rotation axis. A 360° elliptical
sampling of the 16 radial slices is then used to
produce a summary polar map. The polar map
was subsequently divided in 16 segments
corresponding to the echocardiographic seg-
mentation of the heart used for comparative
analysis. The posterior intersection of the right
and left ventricles—the posterior interventricu-
lar groove—was used as an anatomical land-
mark to ensure reliable correspondence be-
tween SPECT and echocardiographic
segmentation. Quantitation of this map was
done by comparison with a “™Tc sestamibi
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database of normal subjects. The threshold for
perfusion abnormality was fixed pixel by pixel
as the normal mean value minus 2.5 SD. In
abnormally perfused areas, perfusion defect
surface and severity were calculated, as well as
a hypoperfusion index (hypoperfusion defect
surface X mean severity) which reflects the
fractional mass of hypoperfused, ischaemic, or
necrotic myocardium as per cent of the total
extrapolated myocardial mass.

Interacquisition and interobserver reproduc-
ibility values for the index measurement have
been described previously.”” To detect the
presence and location of ischaemic perfusion
changes, dobutamine and rest tomograms were
compared using the quantitative analysis soft-
ware. According to the determined reproduc-
ibility of the index measurement, ischaemia
was considered significant when the difference
between stress and rest indices exceeded 10%
in the peri-infarction area supplying by the inf-
arct related artery, or in one or more remote
vascular territories for the detection of multi-
vessel disease.

ANGIOGRAPHY
Quantitative coronary angiography and left
ventriculography were performed in all patients
within one week after the DSE and mibi
SPECT studies. All films were analysed using
the cardiovascular medical system (CMS). All
measurements were performed from end di-
astolic frames with optimal vessel opacifica-
tion. Coronary stenoses were considered sig-
nificant when there was = 50% luminal
diameter stenosis. The infarct related artery
was identified on the basis of lesion morphol-
ogy, and the location of acute ECG changes
and wall motion abnormalities on echocardio-
graphy and contrast ventriculography. Stenosis
severity of the infarct related artery was graded
as insignificant (< 50%), mild (50-59%),
moderate (60-69%), or severe (70-99%)
stenosis. In the presence of an occluded infarct
related artery, collateral circulation was classi-
fied as present or absent. Elective coronary
angioplasty was performed in the presence of
significant stenosis. The results of DSE and
mibi SPECT were not used in this decision.

STATISTICAL ANALYSIS
Data are expressed as mean (SD). Continuous
variables were tested by the Student ¢ test and
nominal findings by a y* test or Fisher’s exact
test, depending on the sample size. Significance
was defined as a two tailed probability value of
p < 0.05. Sensitivity and specificity of DSE
and mibi SPECT for detecting significant
residual stenosis and multivessel disease were
obtained according to standard definitions.

Results

CLINICAL AND ANGIOGRAPHIC CHARACTERISTICS
There were 61 men and 14 women, with a
mean age of 56 (11) years (range 33—82 years).
Thrombolytic agents were infused in 54
patients. Q waves evolved in 51 patients. Mean
global left ventricular ejection fraction on
angiography was 53 (16)%. The infarct related
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artery was the left anterior descending coron-
ary artery in 32 patients, the left circumflex
coronary artery in 13, and the right coronary
artery in 30. The infarct related artery was
occluded in 20 patients, and a collateral circu-
lation was present in 13. In only six patients
was the infarct related artery not significantly
narrowed. The infarct related artery stenosis
was mild (50-59%) in 11 patients, moderate
(60-69%) in 21, and severe (= 70%) in 17.
Elective coronary angioplasty was performed
in 35 patients. Multivessel disease was present
in 15 patients, including 11 with two vessel dis-
ease and four with three vessel disease.

DOBUTAMINE STRESS TESTING

Heart rate and systolic blood pressure in-
creased significantly from rest to peak stress,
from 76 (14) to 147 (29) beats/min, and from
131 (23) to 151 (28) mm Hg, respectively
(p < 0.001 for both). The target heart rate was
obtained in 56 of 75 patients. During stress
test, chest pain occurred in 12 patients,
supraventricular tachycardia in three, and non-
sustained ventricular tachycardia in two.
Twenty seven patients had significant ST
segment depression and 21 had ST segment
elevation in the infarct related leads. There
were no clinical complications as a result of
dobutamine stress testing.

ECHOCARDIOGRAPHY AND MIBI SPECT DURING
DOBUTAMINE STRESS

During DSE, residual ischaemia was observed
in 55 patients: 37 developed a biphasic
response and 18 showed worsening in the adja-
cent area. Sustained improvement was ob-
served in 10 patients and akinesis without
change in 15. All but three patients had an
abnormal mibi SPECT result at rest. In the
infarcted area, mean perfusion defect surface
and severity were 34 (23)% and 43 (12)%,
respectively. Mean hypoperfusion index was 14
(11)%. Ischaemia was detected in 49 of 75
patients (65%). According to the definition,
hypoperfusion index increased significantly
from rest (11 (10)%) to peak stress (16 (12)%)
in these patients (p = 0.018).

DETECTION OF SIGNIFICANT RESIDUAL STENOSIS
OF THE INFARCT RELATED ARTERY

Table 1 shows the accuracy of clinical variables,
dobutamine stress ECG, DSE, and mibi
SPECT for detecting significant infarct related
artery stenosis. Both imaging methods were
more sensitive than the occurrence of dob-
utamine induced chest pain or ECG changes
(p <0.0001). DSE and mibi SPECT had
similar sensitivity: 78% (54 of 69) and 70% (48
of 69), respectively. With DSE, a biphasic
response was more sensitive than worsening in
the adjacent area: 54% v 25% (p < 0.001). The
combination of DSE and mibi SPECT in-
creased the sensitivity to 94% (65 of 69):
p=0.01 » DSE alone; p=0.0003 v mibi
SPECT alone. The specificity remained 83%
(five of six). The accuracy of combined
imaging methods for detecting significant
stenosis of the infarct related artery was high
(93%).
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Table 1  Accuracy of clinical, ECG, DSE, and mibi SPECT for the detection of = 50%
diameter stenosis of the infarct related artery

Sensitivity Specificity Accuracy
Variables % (n) (% (n)) (%)
Number of patients 69 6 75
Chest pain (n=12) 16 (11) 83 (5) 21
ST depression (n=27) 33 (23) 67 (4) 36
ST elevation (n=21) 25 (17) 67 (4) 28
Biphasic response on DSE (n=37) 54 (37) 100 (6) 57
Worsening in adjacent area on DSE (n=18) 25 (17) 83 (5) 29
Infarct zone ischaemia on DSE (n=55) 78 (54) 83 (5) 79
Infarct zone ischaemia on mibi SPECT (n=49) 70 (48) 83 (5) 71
Combined DSE and mibi SPECT 94 (65) 83 (5) 93

DSE, dobutamine stress echocardiography; mibi SPECT, **"Tc sestamibi single photon emission
computed tomography; n, number of true positive (sensitivity column) and true negative (specifi-

city column) values.

Table 2 Agreement of mibi SPECT and DSE in patients
with = 50% diameter stenosis of the infarct related artery
in predicting functional recovery

Mibi SPECT

+ -
DSE + 24 13
DSE - 5 3

Agreement = 60%; k = 0.56.
DSE, dobutamine stress echocardiography; mibi SPECT, **™T¢c
sestamibi single photon emission computed tomography.

FUNCTIONAL RECOVERY OF ISCHAEMIC
MYOCARDIUM

During follow up, no cardiac event was
registered. Functional recovery occurred in 45
of 69 patients (65%) with significant infarct
related artery stenosis. Among these patients,
ischaemic myocardium was found in 37 (82%)
by DSE and in 29 (64%) by mibi SPECT.
Agreement of mibi SPECT and DSE in these
patients for predicting functional recovery was
good (60%; k= 0.56) (table 2). Elective
coronary angioplasty was more often per-
formed in patients with functional recovery (28
of 45, 62%) than in those without (seven of 24,
29%) (p = 0.02).

ROLE OF INFARCT RELATED ARTERY STENOSIS
SEVERITY

Table 3 presents four groups of patients ranged
according to the severity of their infarct related
artery stenosis as defined above: mild (50—
59%), moderate (60-69%), or severe stenosis
(70-99%), and occluded artery. Both hypoper-
fusion index and wall motion score index at

Table 3 Comparison berween patients with and without infarct related coronary artery

occlusion
Moderate Severe

Mild stenosis,  stenosts, stenosts,

50-59% 60-69% 70-99% Occluded

(m=11) (m=21) (m=17) artery (n=20)
DSE
‘Wall motion score index at rest 1.29 (0.12) 1.35 (0.16) 1.46 (0.13) 1.47 (0.22)
Sustained improvement 6 (55%) 0 (0%) 0 (0%) 1 (5%)
Biphasic response 1 (9%) 18 (86%) 12 (71%) 6 (30%)
Worsening in adjacent area 0 (0%) 3 (14%) 4 (24%) 10 (50%)
Akinesis without change 4 (36%) 0 (0%) 1 (6%) 3 (15%)
Residual ischaemia 1 (9%) 21 (100%) 16 (94%) 16 (80%)
Mibi SPECT, rest
Mean severity (%) 32 (8) 28 (14) 38 (11) 38 (11)
Defect surface (%) 27 (18) 25 (22) 42 (23) 43 (22)
Hypoperfusion index (%) 7(5) 9 (11) 18 (14) 18 (11)
Index difference 8 (13) 6 (5) 4 (3) 5(2)
Residual ischaemia 8 (73%) 17 (81%) 11 (65%) 12 (60%)

Values are mean (SD) or n (%).

DSE, dobutamine stress echocardiography; mibi SPECT, *"Tc sestamibi single photon emission

computed tomography.
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Figure 1 Bar graph showing accuracy of quantitative
“"Tc sestamibi single photon emission computed
tomography (mibi SPECT) and dobutamine stress
echocardiography (DSE) for detecting residual infarct
related artery stenosis, using different cut off values (50%,
60%, 70%). Black bars, residual ischaemia on DSE; white
bars, residual ischaemia on mibi SPECT.
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Figure 2 Bar graph showing sensitivity of quantitative
“"Tec sestamibi single photon emission computed
tomography (mibi SPECT) and dobutamine stress
echocardiography (DSE) for detecting multivessel disease.
Black bars, residual ischaemia on DSE; white bars, residual
ischaemia on mibi SPECT.

rest were significantly lower in mild (7 (5)%;
1.29 (0.12)) and moderate stenosis (9 (11)%;
1.35 (0.16)) than in severe stenosis (18 (14%);
1.46 (0.13)) or occluded artery (18 (11%);
1.47 (0.22)) (p < 0.05). However, the index
difference was homogeneously distributed in
each subgroup without statistical differences.
The sensitivity of mibi SPECT for detecting
mild stenosis was 73%, compared with only
9% by DSE (p = 0.008). The sensitivity for
detecting moderate or severe stenosis was
significantly higher with DSE (97%) than with
mibi SPECT (74%): p = 0.007. The accuracy
of the two imaging methods is presented in fig
1 in relation to different cut off values of the
residual stenosis (50%, 60%, or 70%). The
accuracy of DSE was superior to that of mibi
SPECT only for a 60% cut off value, at 91% v
64% (p =0.0002).

DETECTION OF MULTIVESSEL DISEASE

Wall motion abnormalities on DSE and
perfusion defects on mibi SPECT outside the
infarct area (more than one coronary territory)
were highly specific (57 of 60 (95%) v 56 of 60
(93%); NS) and sensitive (12 of 15 (80%) v 10
of 15 (67%); NS) for multivessel disease detec-
tion (fig 2). Nine of 11 patients with two vessel
disease and three of four patients with triple
vessel disease were correctly identified by DSE,
versus eight of 11 and two of four, respectively,
by mibi SPECT. Combined imaging did not
improve either the sensitivity (13 of 15 (87%))
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or the specificity (58 of 60 (97%)) for the
detection of multivessel disease.

Discussion
Recent reports indicate that residual stenosis of
the infarct related artery is common after acute
myocardial infarction.” '* Patients with a sig-
nificant residual coronary stenosis after throm-
bolytic treatment represent a high risk sub-
group for recurrent ischaemia and
reocclusion.' * Early detection of these patients
is therefore of clinical importance for selecting
those who may benefit most from early
revascularisation of the infarct related artery.
The present study assessed the relative accu-
racy of echocardiography and mibi SPECT
performed during the dobutamine stress test,
and the potential value of combined imaging,
for predicting residual stenosis of the infarct
related artery and the presence or absence of
multivessel disease within the first week after
acute myocardial infarction.
Our results can be summarised as follows:
® the overall accuracy of the imaging modes
for predicting the residual infarct related
artery stenosis was similar when the cut off
value of = 50% diameter stenosis was used
® the sensitivity of mibi SPECT was better for
detecting mild stenosis, while the sensitivity
of DSE was better for detecting moderate or
severe stenosis
® combined imaging only improved the detec-
tion of mild stenosis
® the accuracy of the two methods was not dif-
ferent for predicting multivessel disease, and
the combination of the two methods did not
enhance the accuracy of either method
alone.

DETECTION OF SIGNIFICANT INFARCT RELATED
ARTERY STENOSIS

Whether or not additional ischaemia develops
after acute myocardial infarction is dependent
on the extent and completeness of the necrosis.
Less residual ischaemia should be expected
with greater infarct size. In our population, inf-
arct size was relatively small, as suggested by
the high incidence of functional recovery: this
may lead to easier detection of peri-infarction
ischaemia by both the imaging techniques
assessed. We found that dobutamine echo-
cardiography and mibi SPECT imaging had
equivalent sensitivity (78% v 70%) and similar
specificity (83%) for detecting significant
infarct related artery stenosis. Our DSE results
are comparable with previous studies per-
formed in acute myocardial infarction.’ "> The
sensitivity of mibi SPECT for detecting
residual stenosis was higher than recently
reported,'® ' perhaps because of the use of
quantitative analysis. Indeed, as previously
described in our laboratory,"” the use of the
hypoperfusion index—combining defect extent
and severity—allows a more accurate definition
of the infarct size, provides a more reproduc-
ible criterion for distinguishing normal and
abnormal regions, and improves the diagnosis
of ischaemia.
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EFFECTS OF THE SEVERITY OF INFARCT RELATED
ARTERY STENOSIS

The sensitivity for detecting an infarct related
artery with mild stenosis was only 9% with
DSE but 73% with mibi SPECT. These results
may be explained by the different pathophysi-
ological basis of the two imaging techniques.
Flow heterogeneity induced by stress in the
territory of a mild stenosis can be detectable
with mibi SPECT but is insufficient to induce
echocardiographically detectable ischaemia.
Mibi uptake plateaus when blood flow reaches
2.5 times the normal flow and underestimates
high coronary flow." Compared with adenos-
ine, dobutamine produces a smaller increase in
flow. Thus dobutamine stress may cause flow
heterogeneity over a range in which mibi
uptake remains proportional to flow, leading to
adequate detection of mild coronary stenoses.
The low sensitivity of mibi SPECT in patients
with 70-100% infarct related artery stenosis
could be related to extensive necrosis with a
more severe resting hypoperfusion index, limit-
ing detectable extension of the perfusion defect
during stress. Contractile recovery was ob-
served at follow up in 11 of 14 patients with
70-100% stenosis and negative SPECT, indi-
cating that these results were not related to
transmural infarction. The failure to diagnose
severe stenosis in the absence of extensive
necrosis in these patients may be related to
more severe resting wall motion abnormality in
the affected area; this may render the myocar-
dium thinner, resulting in “partial volume”
effect with the appearance of severe hypoper-
fusion. When flow reserve is absent, the
myocardium fails to respond to dobutamine."
This may explain some false negative DSE
results in the presence of critical stenosis or an
occluded infarct related artery. In such myo-
cardial regions, restricted blood flow with no
flow reserve may induce regional supply—
demand imbalance with impairment of cell
metabolic activity.

DETECTION OF MULTIVESSEL DISEASE

The sensitivity of DSE (80%) and dobutamine
mibi SPECT (67%) for identifying patients
with multivessel coronary artery disease in our
study was similar to the values reported by
Elhendy and colleagues (80% and 78%,
respectively).' In a previous study from our
laboratory,” we found a similar sensitivity
(85%) of DSE for detecting multivessel
disease. The sensitivity of dobutamine mibi
SPECT in the present study is similar to that
observed by Mahmarian and colleagues
(69%)*" using adenosine thallium SPECT.
Several factors may contribute to the failure of
DSE or mibi SPECT to identify induced
ischaemia in remote territories in some pa-
tients. Complex coronary stenosis of the infarct
related artery is found in the majority of
patients with acute myocardial infarction.”
The results of DSE are influenced by stenosis
severity but more importantly by plaque
morphology.”’ Moreover, not all vessels with a
diameter stenosis of > 50% have an abnormal
flow reserve.”* Normal mibi SPECT during
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