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Assessment of reversible perfusion defects in exercise 201Tl
perfusion SPECT has low sensitivity and high specificity for
detection of multivessel coronary artery disease (CAD). The goal
of this study was to evaluate whether worsening of left ventric-
ular regional wall motion assessed by an automated algorithm in
exercise 201Tl electrocardiography-gated SPECT had incremen-
tal diagnostic value over perfusion data for detection of mul-
tivessel CAD. Methods: Two hundred one patients underwent
exercise 201Tl gated SPECT. Software that automatically ana-
lyzes left ventricular function was used to assess exercise and
rest regional wall motion. Regional wall motion on initial images
was compared with that on rest images, that is, delayed images
for patients without reinjection images and reinjection images
for patients with reinjection images. The left ventricle was di-
vided into 9 segments, with individual segments assigned to 3
coronary territories. Worsening of wall motion was defined as
worsening in any segment on initial images compared with rest
images. Results: Of 73 patients with multivessel CAD, 20
(27.4%) had reversible perfusion defects in multiple coronary
territories, 26 (35.6%) exhibited worsening of regional wall mo-
tion in multiple territories, and 37 (50.7%) had reversible perfu-
sion defects or worsening of regional wall motion in multiple
territories. The sensitivity of the combination of reversible per-
fusion defect and worsening of regional wall motion was signif-
icantly higher than that of reversible perfusion defect alone for
detection of multivessel CAD (50.7% vs. 27.4%, P � 0.05). The
specificity of the combination of reversible perfusion defect and
worsening of regional wall motion for detecting multivessel CAD
did not differ from that of reversible perfusion defect alone and
that of worsening of regional wall motion alone (94.5% vs.
99.2% and 97.7%, respectively, P � not statistically significant).
Conclusion: Combined assessment of worsening of left ven-
tricular regional wall motion by exercise and perfusion data in
exercise 201Tl gated myocardial SPECT was more sensitive, with

acceptable specificity, than was assessment with perfusion
data alone for detection of multivessel CAD.
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An important goal of noninvasive stress testing is the
identification of patients with multivessel coronary artery
disease (CAD). Such patients could benefit prognostically
from revascularization (1). Exercise 201Tl myocardial per-
fusion imaging is a well-established method for diagnosis
and risk stratification of patients with CAD (2–5). This
method of diagnosis is based primarily on the detection of
perfusion defects. However, a potential limitation of 201Tl
scanning is that a measure of relative rather than absolute
myocardial blood flow is obtained. In patients with mul-
tivessel CAD, the degree of ischemia may be underesti-
mated because of relatively balanced global hypoperfusion
of the left ventricle (LV) without absolute quantification of
regional blood flow. Perfusion defects may be evident only
in the most ischemic area, whereas the least ischemic area
may appear normal. Because of this problem, some but not
all patients with multivessel CAD have perfusion abnormal-
ities in all of the expected coronary arterial territories on
201Tl imaging. Moreover, exercise endpoints, such as angi-
nal pain, a positive electrocardiography (ECG) change, or
arrhythmia, which are related to premature interruption of
an exercise stress test, may be responsible for detection of
the culprit lesion only, the threshold of ischemia for the
other stenosis not being reached. The result is a decrease in
the sensitivity of all scintigraphic parameters for the detec-
tion of multivessel CAD. Previous reports (6–8) estimated
that as few as 13%–50% of patients with 3-vessel or left
main CAD had perfusion abnormalities in multiple territo-
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ries. To improve the performance of scintigraphic methods
for detection of multivessel CAD, the use of indirect scin-
tigraphic indices other than perfusion defects has been re-
ported and validated, that is, increased lung (9,10) or right
ventricle (11) uptake of 201Tl, transient ischemic LV dilata-
tion (9,12), and myocardial 201Tl washout (13).

An automated algorithm (14,15) for direct evaluation of
LV function based on the results of ECG-gated myocardial
perfusion SPECT is now commercially available. The algo-
rithm simultaneously yields information on myocardial per-
fusion and LV regional and global function. Although this
automated algorithm was initially validated using 99mTc-
labeled tracers (14,15), recent studies (16–18) have vali-
dated the accuracy of 201Tl gated SPECT for measurement
of LV function and have shown its feasibility and reliability.

Myocardial stunning caused by exercise-induced is-
chemia has been reported to result in depression of systolic
LV function in the ischemic zone (19–21). In patients with
severe coronary artery stenoses or multivessel CAD, re-
peated episodes of ischemic stunning may lead to depres-
sion of LV function. Because of the possibility that LV
regional and global function have not returned to baseline
by the time of postexercise acquisition of 201Tl gated
SPECT in some patients with exercise-induced ischemia,
documentation of worsening of regional wall motion is
thought to be clinically useful in the diagnosis of myocar-
dial ischemia. A recent study (22) showed that in patients
with normal resting perfusion, a postexercise regional wall
motion abnormality detected by 99mTc-sestamibi gated
SPECT is a sensitive marker of severe and multivessel
CAD. This study was therefore designed to determine
whether worsening of regional wall motion as assessed by
an automated algorithm in exercise 201Tl ECG-gated SPECT
had incremental diagnostic value over perfusion data for
detection of multivessel CAD.

MATERIALS AND METHODS

Patient Population
We identified 201 consecutive patients with normal sinus

rhythm and known or suspected CAD who underwent exercise
201Tl myocardial SPECT and coronary arteriography in Osaka City
University Hospital between January 1999 and October 2000.
Patients who had undergone coronary artery bypass grafting were
excluded. Baseline characteristics of the 201 patients are shown in
Table 1. Fifteen of the 201 patients had significant left main CAD
that was considered equivalent to combined disease of the left
anterior descending artery and the left circumflex artery.

Exercise 201Tl Myocardial SPECT
Each patient performed symptom-limited exercise on a bicycle

ergometer. The workload initially was 25 or 50 W and was
increased 25 W every 2 min until an endpoint was reached. The
endpoints included excessive fatigue, dyspnea, moderate to severe
angina, hypotension, diagnostic ST depression (�1.5 mm horizon-
tal or downsloping at the J point or �2.0 mm upsloping at 80 ms
after the J point), or significant arrhythmia. At peak exercise, 201Tl
(111 MBq for patients without previous myocardial infarction and

74 MBq for patients with previous myocardial infarction) was
injected intravenously and the patient was encouraged to exercise
for an additional minute. Initial images were obtained immediately
after the termination of exercise, and delayed images were ob-
tained 4 h later. In patients with previous myocardial infarction, an
additional dose of 37 MBq 201Tl was injected at rest immediately
after the acquisition of delayed images, and the reinjection images
were obtained 20 min later.

SPECT was performed with a 2-detector gamma camera (Ver-
tex; ADAC Laboratories, Milpitas, CA) equipped with low-en-
ergy, general-purpose collimators, with the detectors set to form a
90° angle. A total of 32 equidistant projections were acquired over
180 degrees in a 64 � 64 matrix from the 45° right anterior oblique
projection to the 45° left posterior oblique projection with an
energy window of 70 keV � 10%. ECG-gated images were
acquired with 40-s, 6° angular steps. At each projection, 8 frames
per cardiac cycle were acquired, with an allowable change in R-R
interval of the mean value � 20%. Nongated images for assess-
ment of 201Tl uptake were obtained by summing all gated images.
Transaxial slices of 4.7-mm-pixel thickness were reconstructed
using a Butterworth filter (order, 5.0; critical frequency, 0.35 cycle
per pixel) and the filtered backprojection method (ramp filter) on a
processing computer (Pegasys; ADAC Laboratories) with an au-
tomatic reorientation algorithm for SPECT (AutoSPECT; Cedars-

TABLE 1
Baseline Characteristics of 201 Patients

Characteristic Data

Age (y) 63 � 10
Sex (M/F) 153/48
Coronary risk factors (n[%])

Diabetes mellitus 66 (33)
Hypertension 110 (56)
Hypercholesterolemia 94 (47)
Hyperuricemia 31 (15)
Smoking 131 (65)

Medications (n[%])
Nitrates 155 (77)
�-blockers 111 (55)
Calcium-channel blockers 84 (41)

History of myocardial infarction (n[%]) 63 (31)
Location of myocardial infarction (n[%])

Anterior 34 (17)
Inferior 29 (14)

History of angioplasty (n[%]) 97 (48)
Number of diseased vessels (n[%])

0 71 (35)
1 57 (28)
2 39 (19)
3 34 (17)

Exercise test
Peak heart rate (bpm) 125 � 21
Peak systolic blood pressure (mm Hg) 193 � 32
Peak pressure–rate product (�1,000) 24.3 � 6.3
Diagnostic ST depression (%) 44 (22)
Chest pain (%) 39 (19)

Rest left ventricular ejection fraction (%)* 55.5 � 12.4

*Calculated with Quantitative Gated SPECT (Cedars-Sinai Med-
ical Center, Los Angeles, CA).
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Sinai Medical Center, Los Angeles, CA) (23). No attenuation
correction was applied.

Scintigraphic Image Analysis
Perfusion Defects. Two experienced observers interpreted the

tomographic images visually by consensus without knowledge of
patient clinical information or angiographic data. The LV was
divided into 9 segments (Fig. 1A). The 201Tl uptake of each
segment was assessed with a 4-point scoring system (3 � normal;
2 � mildly reduced; 1 � moderately reduced; 0 � severely
reduced or absent). A reversible perfusion defect was defined as
�1 grade improvement in any segment on the delayed images or
reinjection images compared with the initial images. The 9 seg-
ments were assigned to 3 coronary territories as shown in Figure
1A. Reversible LV perfusion defects were classified according to
the vascular territories of the 3 major coronary arteries; anterior,
septal, and apical defects represented disease in the left anterior
descending artery, inferior defects represented disease in the right
coronary artery, and lateral defects represented disease in the left
circumflex artery. Because of overlap between coronary territories,
minimal (less than approximately 25%) extension of a perfusion
defect into the adjacent territory was considered a perfusion defect
of the predominant territory.

LV Ejection Fraction. A completely automated software pro-
gram that analyzes LV function (Quantitative Gated SPECT; Ce-

dars-Sinai Medical Center) (14,15) was used to calculate global
LV ejection fraction. Rest LV ejection fraction was derived from
delayed images for patients without reinjection images and from
reinjection images for patients with reinjection images.

LV Regional Wall Motion. LV regional wall motion was ana-
lyzed visually on a 3-dimensional cine-mode endocardial display
created with the automatic program that analyzes LV function
(Quantitative Gated SPECT). Two experienced observers indepen-
dently analyzed wall motion on initial images and on rest images,
that is, delayed images for patients without reinjection images and
reinjection images for patients with reinjection images, without
knowledge of patient clinical information or angiographic data.
Disagreements in interpretation were resolved by observer con-
sensus. The LV was divided into 9 segments (Fig. 1B). Regional
wall motion was graded using the following scores: 3 � normal or
hyperkinetic, 2 � mildly hypokinetic, 1 � severely hypokinetic,
and 0 � akinetic or dyskinetic. Regional wall motion on the
initial images was compared with that on the rest images with
side-by-side display of 3-dimensional cine-mode endocardial
images. Worsening of wall motion was defined as �1 grade
worsening in any segment on the initial images compared with
rest images. The individual segments were assigned to 3 coro-
nary territories as described for perfusion analysis.

Coronary Arteriography
All patients underwent coronary arteriography within 10 wk (6

�12 d) of 201Tl SPECT. Coronary artery narrowing was visually
assessed and reported as percentage luminal diameter stenosis.
Significant coronary stenosis was defined as �70% narrowing of
the internal diameter of the left anterior descending artery, the left
circumflex artery, the right coronary artery, or their major branches
and �50% narrowing of the left main coronary artery. Multivessel
disease was defined by the presence of significant left main coro-
nary artery disease or of 3- or 2-vessel disease on the coronary
angiogram.

Statistics
Values are given as mean � SD. � statistics were used to

evaluate the concordance of diagnosis of the number of diseased
vessels with coronary arteriography and perfusion data in 201Tl
SPECT. Incidences of phenomena were compared with the �2 test.
P � 0.05 was considered significant.

RESULTS

Scintigraphic Data and Number of Diseased Vessels
The relationship between scintigraphic data and number

of diseased vessels is shown in Table 2. Only 20 (27.4%) of
73 patients with multivessel CAD had reversible perfusion
defects in multiple territories.

Inter- and Intraobserver Agreement in Evaluating
Worsening of Regional Wall Motion

The interobserver concordance rate in evaluating wors-
ening of regional wall motion was 90.5% (� � 0.70; P �
0.001). One of 2 observers reassessed worsening of regional
wall motion 1 mo after the first evaluation. The intraob-
server concordance rate was 92.0% (� � 0.77; P � 0.001).

FIGURE 1. Relationship between short-axis tomographic
segments and coronary arterial territories (A) and schema of 9
segments of left ventricle on 3-dimensional cine-mode display
created with automatic left ventricular function analysis soft-
ware program for ECG-gated myocardial perfusion SPECT (B).
Reversible perfusion defects and worsening of wall motion in
anterior, septal, and apical segments represented disease in left
anterior descending artery (LAD), those in inferior segments
represented disease in right coronary artery (RCA), and those in
lateral segments represented disease in left circumflex artery
(LCX). 1 � basal anterior; 2 � middle anterior; 3 � apex; 4 �
middle inferior; 5 � basal inferior; 6b � basal septum; 6m �
middle septum; 7b � basal lateral; 7m � middle lateral.
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Reversible Perfusion Defect, Worsening of Regional
Wall Motion, and Individual Coronary Stenosis

Comparisons of individual coronary stenosis with revers-
ible perfusion defect, worsening of regional wall motion,
and the combination of reversible perfusion defect and
worsening of regional wall motion are shown in Tables 3–6.

The sensitivity of the combination of reversible perfusion
defect and worsening of regional wall motion—that is,
presence of reversible defects, worsening of regional wall
motion, or both—did not differ from that of reversible
perfusion defect alone for identification of left anterior
descending artery lesions or left circumflex artery lesions
but was significantly higher than that of reversible perfusion
defect alone for identification of right coronary artery le-
sions (71.2% vs. 51.5%, P � 0.05). The specificity of the
combination of reversible perfusion defect and worsening of
regional wall motion for identification of individual ste-
nosed coronary arteries was slightly but not significantly
lower than that of reversible perfusion defect alone and that
of worsening of regional wall motion alone but remained
�90%.

The sensitivity of the combination of reversible perfusion
defect and worsening of regional wall motion for identifi-
cation of any stenosed vessel was significantly higher than
that of reversible perfusion defect alone and that of wors-
ening of regional wall motion alone (61.2% vs. 46.4%, P �
0.01, and 61.2% vs. 44.7%, P � 0.01, respectively). There

was no significant difference in the specificity for identifi-
cation of any stenosed vessel among reversible perfusion
defect alone, worsening of regional wall motion alone, or
the combination of reversible perfusion defect and worsen-
ing of regional wall motion (96.2%, 96.4%, and 93.4%,
respectively).

Detection of Multivessel CAD
The patients were assigned to 2 groups by the presence or

absence of multivessel CAD (Fig. 2). Thirty-seven (50.7%)
of the 73 patients with multivessel CAD had reversible
perfusion defects or worsening of regional wall motion in
multiple coronary territories. The sensitivity of the combi-
nation of reversible perfusion defect and worsening of re-
gional wall motion for identification of multivessel CAD
was significantly higher than that of reversible perfusion
defect alone (50.7% vs. 27.4%, P � 0.05). The specificity of
the combination of reversible perfusion defect and worsen-
ing of regional wall motion for identification of multivessel
CAD did not differ from that of reversible perfusion defect
alone and that of worsening of regional wall motion alone
(94.5% vs. 99.2% and 97.7%, respectively, P � not statis-
tically significant).

Representative images from a patient with a previous
inferior myocardial infarction treated with coronary stent
placement are shown in Figures 3 and 4.

TABLE 3
Comparison of Scintigraphic and Coronary Angiographic Findings in LAD

Scintigraphic finding

Stenosis of LAD

Sensitivity
(%)

Specificity
(%)

Accuracy
(%)

Absent
(n � 101)

Present
(n � 100)

Reversible perfusion defect alone
Absent 94 45 55.0 93.1 74.1
Present 7 55

Worsening of wall motion alone
Absent 96 47 53.0 95.0 74.1
Present 5 53

Reversible perfusion defect and/or worsening of wall motion
Absent 91 32 68.0 90.1 79.1
Present 10 68

LAD � left anterior descending coronary artery.

TABLE 2
Relationships Between Perfusion Data and Number of Diseased Vessels

Number of territories
with reversible

perfusion defects

Number of diseased vessels

P
0

(n � 71)
1

(n � 57)
2

(n � 39)
3

(n � 34)

0 65 20 10 7 �0.001 (� � 0.35)
1 6 36 22 14
2 0 1 6 10
3 0 0 1 3
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DISCUSSION

Our results showed that assessment of worsening of re-
gional wall motion by exercise in 201Tl ECG-gated SPECT
had incremental diagnostic value over perfusion data for
detection of multivessel CAD. In particular, the combina-
tion of assessment of worsening of regional wall motion by
exercise and perfusion data in exercise 201Tl myocardial
SPECT was more sensitive, with acceptable specificity, than
assessment of perfusion data alone for detection of mul-
tivessel CAD.

Myocardial stunning was initially reported in animal
models of coronary occlusion and reperfusion (24) and was
subsequently also shown to result from exercise-induced
ischemia. The time course of resolution of ischemic LV
dysfunction in patients has been reported to range from
immediate to 2 h (19–21). An echocardiographic study (19)
revealed persistence of regional wall motion abnormalities
30 min after completion of exercise in a high proportion of

patients with multivessel CAD. Myocardial uptake of per-
fusion tracer at the time of acquisition represents the relative
myocardial perfusion pattern at the time of tracer injection,
whereas functional data derived from ECG gating represent
LV function at the time of acquisition. Acquisition of the
initial images in this study required approximately 15 min
after completion of exercise. Accordingly, in some of the
patients with exercise-induced ischemia, LV regional and
global function might have already returned to baseline by
the completion of postexercise acquisition. In patients with
severe coronary artery stenosis, stunning does occur as a
consequence of repeated episodes of ischemia during daily
life, and repeated episodes of ischemic stunning lead to
chronic depression of LV function (25). It is therefore
possible that in some patients with severe coronary artery
stenosis, LV regional and global function might be reduced
even at rest and that exercise might not induce additional
LV dysfunction. For these reasons, the worsening of LV

TABLE 4
Comparison of Scintigraphic and Coronary Angiographic Findings in RCA

Scintigraphic finding

Stenosis of RCA

Sensitivity
(%)

Specificity
(%)

Accuracy
(%)

Absent
(n � 135)

Present
(n � 66)

Reversible perfusion defect alone
Absent 129 32 51.5 95.6 81.1
Present 6 34

Worsening of wall motion alone
Absent 131 30 54.5 97.0 83.1
Present 4 36

Reversible perfusion defect and/or worsening of wall motion
Absent 126 19 71.2* 93.3 86.1
Present 9 47

*P � 0.05 vs. reversible perfusion defect alone and P � 0.05 vs. worsening of wall motion alone.
RCA � right coronary artery.

TABLE 5
Comparison of Scintigraphic and Coronary Angiographic Findings in LCX

Scintigraphic finding

Stenosis of LCX

Sensitivity
(%)

Specificity
(%)

Accuracy
(%)

Absent
(n � 130)

Present
(n � 71)

Reversible perfusion defect alone
Absent 129 50 29.6 99.2 74.6
Present 1 21

Worsening of wall motion alone
Absent 126 54 23.9 96.9 71.1
Present 4 17

Reversible perfusion defect and/or worsening of wall motion
Absent 125 41 42.3* 96.2 77.1
Present 5 30

*P � 0.05 vs. worsening of wall motion alone.
LCX � left circumflex coronary artery.
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regional wall motion by exercise might have relatively low
sensitivity for detection of multivessel CAD.

Because the severity and duration of postischemic func-
tional depression depend on the severity of ischemia
(20,21), recent studies have shown a good relationship
between the severity of perfusion abnormalities and exer-
cise-induced LV dysfunction in exercise perfusion scanning
(26,27). However, in patients with multivessel CAD, the
degree of ischemia may be underestimated because of rel-
atively balanced LV global hypoperfusion without absolute
quantification of regional blood flow. In this study, perfu-
sion data revealed reversible defects in multiple territories
in only 20 (27.4%) of 73 patients with multivessel CAD, a
finding comparable with those of previous studies (6–8),
whereas among 53 patients with a reversible defect in less
than 1 territory and multivessel CAD, the combination of
reversible perfusion defect and worsening of regional wall
motion detected 17 (32.1%) as having multivessel CAD.

Sharir et al. (22) showed that postexercise regional wall
motion abnormality detected by 99mTc gated sestamibi
SPECT had incremental diagnostic value over perfusion
data in identification of severe (�90% proximal stenosis or
midstenosis) and extensive (�1 coronary artery with steno-
sis) CAD in patients with normal resting perfusion. The
addition of regional wall motion variables to perfusion data
resulted in a significant increase in the global �2 for predic-
tion of severe multivessel CAD. Overall sensitivity and
specificity in identification of any severely stenosed vessel
by severe perfusion defect or wall motion abnormality were
82% and 80%, respectively. The study of Sharir et al. was
limited to patients with normal resting perfusion and ex-
cluded those who had pathologic Q waves on the ECG at
rest and those who had undergone a revascularization pro-
cedure. We defined significant coronary stenosis as �70%
lumen diameter narrowing of any of the major branches and
�50% narrowing of the left main coronary artery, and our

TABLE 6
Comparison of Scintigraphic and Coronary Angiographic Findings in Coronary Arteries Overall

Scintigraphic finding

Stenosis

Sensitivity
(%)

Specificity
(%)

Accuracy
(%)

Absent
(n � 366)

Present
(n � 237)

Reversible perfusion defect alone
Absent 352 127 46.4 96.2 76.6
Present 14 110

Worsening of wall motion alone
Absent 353 131 44.7 96.4 76.1
Present 13 106

Reversible perfusion defect and/or worsening of wall motion
Absent 342 92 61.2*† 93.4 80.8†

Present 24 145

*P � 0.05 vs. reversible perfusion defect alone.
†P � 0.05 vs. worsening of wall motion alone.

FIGURE 2. Sensitivity, specificity, and
accuracy in identification of multivessel
CAD. *P � 0.05 compared with reversible
perfusion defect alone.
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study group included patients who had previous myocardial
infarction and had undergone percutaneous transluminal
coronary angioplasty. We showed that worsening of wall
motion by exercise had the potential to indicate moderate or
severe multivessel CAD in a group of patients including
those who had evidence of previous myocardial infarction.

Stress echocardiography performed with exercise or ad-
ministration of a pharmacologic agent has become another
well-established imaging modality for assessment of the
presence, localization, and extent of CAD. This modality is
based on the concept that new or worsening regional myo-
cardial contractility induced by ischemia can reliably be
detected by echocardiographic wall motion analysis. Sev-
eral studies have shown its ability to detect multivessel
disease. Roger et al. (28) showed that exercise echocardi-
ography can detect multivessel CAD (left main coronary
artery or 3- or 2-vessel disease with �50% stenosis) with a
clinically useful degree of accuracy and that echocardio-
graphic images add independent and incremental value to
clinical and exercise variables alone. In their study, the

overall sensitivity and specificity of exercise echocardiog-
raphy for the identification of multivessel disease were 73%
and 70%, respectively. The exclusion criterion in their study
was a previous revascularization procedure. They defined a
region as abnormal if the contractility of a corresponding
segment was visualized as abnormal either at rest or on
postexercise images. Therefore, the sensitivity and specific-
ity of their results were directly affected by the percentage
of patients who had abnormal regional wall motion at rest,
that is, those with previous myocardial infarction. However,
we showed that assessment of worsening of regional wall
motion by exercise had incremental value for detection of
multivessel disease in a population that included patients
with previous myocardial infarction treated with coronary
angioplasty.

Several limitations of this study should be considered. In
our patients, the indication of coronary arteriography was
determined by physicians on the basis of SPECT findings or
other clinical variables, and patient selection was therefore
biased.

It is possible that visual analysis of regional wall motion
is more subjective than quantitative analysis. However,
visual assessment could be the most common method of
detecting multivessel CAD and is therefore important for
generalization of our results to clinical practice.

We evaluated completely or partially reversible defects,
but not fixed defects, as a perfusion variable to identify
patients with CAD in this study. Many patients had previous
myocardial infarction treated with coronary angioplasty. In
other words, many patients had previous myocardial infarc-
tion but no significant stenosis in the infarct-related artery.
Accordingly, fixed defects could probably detect the pres-
ence of previous myocardial infarction without a stenosed
infarct-related artery. On the other hand, it was possible that
an infarct territory with a fixed defect supplied by a stenosed
infarct-related artery would be judged as a normal vascular
territory. This possibility might result in the low sensitivity
of perfusion data for detection of multivessel CAD.

FIGURE 3. Representative images of tomograms from 57-y-
old woman with 50% stenosis of left main coronary artery and
no significant stenosis in right coronary artery. She had previous
inferior myocardial infarction, which had been treated with
placement of coronary stent in right coronary artery. Tomo-
graphic images revealed fixed defect in inferior wall.

FIGURE 4. Left ventricular functional im-
ages obtained by ECG-gated myocardial
SPECT from same patient as in Figure 3.
Outer cage and solid surface represent en-
docardial surfaces at end-diastole and
end-systole, respectively. In initial images,
anteroapical wall, septum, and lateral wall
were hypokinetic and inferior wall was aki-
netic. In reinjection images, anteroapical
wall, septum, and lateral wall were normo-
kinetic and inferior wall was akinetic. Wors-
ening of regional wall motion was observed
in anteroapical wall, septum, and lateral
wall. These findings suggested left anterior
descending artery disease and left circum-
flex artery disease.
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In this study, we assessed coronary artery narrowing
visually with coronary arteriography. In the 48% of our
patients who had previous coronary angioplasty, visual es-
timation of coronary stenosis might have been less accurate
than in patients with nondilated coronary arteries, thus ren-
dering the assessment of coronary artery narrowing less
reliable.

CONCLUSION

Combined assessment of worsening of LV regional wall
motion by exercise and perfusion data in exercise 201Tl
gated myocardial SPECT was more sensitive, with accept-
able specificity, than was assessment of perfusion data alone
for detection of multivessel CAD. Worsening of LV re-
gional wall motion by exercise has the potential to indicate
multivessel CAD in patients without multivessel patterns of
reversible perfusion defects.

REFERENCES

1. Califf RM, Harrell FE Jr, Lee KL, et al. The evolution of medical and surgical
therapy for coronary artery disease: a 15-year perspective. JAMA. 1989;261:
2077–2086.

2. Mahmarian JJ, Verani MS. Exercise thallium-201 perfusion scintigraphy in the
assessment of coronary artery disease. Am J Cardiol. 1991;67:2D–11D.

3. Iskandrian AS, Chae SC, Heo J, Stanberry CD, Wasserleben V, Cave V. Inde-
pendent and incremental prognostic value of exercise single-photon emission
computed tomographic (SPECT) thallium imaging in coronary artery disease.
J Am Coll Cardiol. 1993;22:665–670.

4. Machecourt J, Longere P, Fagret D, et al. Prognostic value of thallium-201
single-photon emission computed tomographic myocardial perfusion imaging
according to extent of myocardial defect: study in 1,926 patients with follow-up
at 33 months. J Am Coll Cardiol. 1994;23:1096–1106.

5. Parisi AF, Hartigan PM, Folland ED. Evaluation of exercise thallium scintigra-
phy versus exercise electrocardiography in predicting survival outcomes and
morbid cardiac events in patients with single- and double-vessel disease: findings
from the Angioplasty Compared to Medicine (ACME) Study. J Am Coll Cardiol.
1997;30:1256–1263.

6. Rehn T, Griffith LS, Achuff SC, et al. Exercise thallium-201 myocardial imaging
in left main coronary artery disease: sensitive but not specific. Am J Cardiol.
1981;48:217–223.

7. Christian TF, Miller TD, Bailey KR, Gibbons RJ. Noninvasive identification of
severe coronary artery disease using exercise tomographic thallium-201 imaging.
Am J Cardiol. 1992;70:14–20.

8. Chae SC, Heo J, Iskandrian AS, Wasserleben V, Cave V. Identification of
extensive coronary artery disease in women by exercise single-photon emission
computed tomographic (SPECT) thallium imaging. J Am Coll Cardiol. 1993;21:
1305–1311.

9. Hansen CL, Sangrigoli R, Nkadi E, Kramer M. Comparison of pulmonary uptake
with transient cavity dilation after exercise thallium-201 perfusion imaging. J Am
Coll Cardiol. 1999;33:1323–1327.

10. Daou D, Delahaye N, Lebtahi R, et al. Diagnosis of extensive coronary artery
disease: intrinsic value of increased lung 201Tl uptake with exercise SPECT.
J Nucl Med. 2000;41:567–574.

11. Williams KA, Schneider CM. Increased stress right ventricular activity on dual
isotope perfusion SPECT: a sign of multivessel and/or left main coronary artery
disease. J Am Coll Cardiol. 1999;34:420–427.

12. Mazzanti M, Germano G, Kiat H, et al. Identification of severe and extensive
coronary artery disease by automatic measurement of transient ischemic dilation
of the left ventricle in dual-isotope myocardial perfusion SPECT. J Am Coll
Cardiol. 1996;27:1612–1620.

13. Maddahi J, Abdulla A, Garcia EV, Swan HJ, Berman DS. Noninvasive identi-
fication of left main and triple vessel coronary artery disease: improved accuracy
using quantitative analysis of regional myocardial stress distribution and washout
of thallium-201. J Am Coll Cardiol. 1986;7:53–60.

14. Germano G, Kiat H, Kavanagh PB, et al. Automatic quantification of ejection
fraction from gated myocardial perfusion SPECT. J Nucl Med. 1995;36:2138–
2147.

15. Germano G, Erel J, Lewin H, Kavanagh PB, Berman DS. Automatic quantitation
of regional myocardial wall motion and thickening from gated technetium-99m
sestamibi myocardial perfusion single-photon emission computed tomography.
J Am Coll Cardiol. 1997;30:1360–1367.

16. Germano G, Erel J, Kiat H, Kavanagh PB, Berman DS. Quantitative LVEF and
qualitative regional function from gated thallium-201 perfusion SPECT. J Nucl
Med. 1997;38:749–754.

17. Cwajg E, Cwajg J, He ZX, et al. Gated myocardial perfusion tomography for the
assessment of left ventricular function and volumes: comparison with echocar-
diography. J Nucl Med. 1999;40:1857–1865.

18. Bacher-Stier C, Muller S, Pachinger O, et al. Thallium-201 gated single-photon
emission tomography for the assessment of left ventricular ejection fraction and
regional wall motion abnormalities in comparison with two-dimensional echo-
cardiography. Eur J Nucl Med. 1999;26:1533–1540.

19. Robertson WS, Feigenbaum H, Armstrong WF, Dillon JC, O’Donnell J,
McHenry PW. Exercise echocardiography: a clinically practical addition in the
evaluation of coronary artery disease. J Am Coll Cardiol. 1983;2:1085–1091.

20. Homans DC, Laxson DD, Sublett E, Pavek T, Crampton M. Effect of exercise
intensity and duration on regional function during and after exercise-induced
ischemia. Circulation. 1991;83:2029–2037.

21. Ambrosio G, Betocchi S, Pace L, et al. Prolonged impairment of regional
contractile function after resolution of exercise-induced angina: evidence of
myocardial stunning in patients with coronary artery disease. Circulation. 1996;
94:2455–2464.

22. Sharir T, Bacher-Stier C, Dhar S, et al. Identification of severe and extensive
coronary artery disease by postexercise regional wall motion abnormalities in
Tc-99m sestamibi gated single-photon emission computed tomography. Am J
Cardiol. 2000;86:1171–1175.

23. Germano G, Kavanagh PB, Su H, et al. Automatic reorientation of three-
dimensional, transaxial myocardial perfusion SPECT images. J Nucl Med. 1995;
36:1107–1114.

24. Heyndrickx GR, Millard RW, McRitchie RJ, Maroko PR, Vatner SF. Regional
myocardial functional and electrophysiological alterations after brief coronary
artery occlusion in conscious dogs. J Clin Invest. 1975;56:978–985.

25. Wijns W, Vatner SF, Camici PG. Hibernating myocardium. N Engl J Med.
1998;339:173–181.

26. Hashimoto J, Kubo A, Iwasaki R, et al. Gated single-photon emission tomogra-
phy imaging protocol to evaluate myocardial stunning after exercise. Eur J Nucl
Med. 1999;26:1541–1546.

27. Borges-Neto S, Javaid A, Shaw LK, et al. Poststress measurements of left
ventricular function with gated perfusion SPECT: comparison with resting mea-
surements by using a same-day perfusion-function protocol. Radiology. 2000;
215:529–533.

28. Roger VL, Pellikka PA, Oh JK, Bailey KR, Tajik AJ. Identification of multivessel
coronary artery disease by exercise echocardiography. J Am Coll Cardiol. 1994;
24:109–114.

450 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 43 • No. 4 • April 2002


