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Assessment of reversible 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 the left ventricular ejection fraction
(LVEF) in exercise 201Tl gated SPECT had incremental diagnos-
tic value over perfusion data for detection of multivessel CAD.
Methods: One hundred eighty-two patients underwent exercise
201Tl gated SPECT. Automated LV function analysis software
was used for calculation of the postexercise and the rest LVEF.
The best threshold between 0- to 1-vessel CAD and 2- to
3-vessel CAD was determined as the cutoff that on receiver-
operating-characteristic analysis resulted in the best sensitivity
for detection of multivessel CAD with an associated specificity
of �90%. Results: Only 18 (26.9%) of 67 patients with mul-
tivessel CAD had reversible defects in multiple territories. Sen-
sitivities of the postexercise and the rest LVEF and the worsen-
ing of the LVEF by exercise did not differ from those of perfusion
data alone. Sensitivities of the combination of perfusion data
and the postexercise and rest LVEF did not differ from those of
perfusion data alone, whereas the sensitivity of the combination
of perfusion data and worsening of the LVEF (i.e., reversible
defects in multiple territories or worsening of the LVEF �5.6%
[or both]) was significantly greater than that of perfusion data
alone (43.3% vs. 26.9%; P � 0.05), with an acceptable level of
specificity (90.4%). Conclusion: The worsening of the LVEF by
exercise has the potential to detect patients with multivessel
CAD among those without multivessel patterns of reversible
defects.
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Exercise 201Tl myocardial perfusion imaging is a well-
established method for diagnosis and risk stratification of
patients with coronary artery disease (CAD) (1–4). This
diagnosis is based primarily on the identification of perfu-
sion defects. However, a potential limitation of 201Tl scan-
ning is that a measure of relative myocardial blood flow,
rather than absolute myocardial blood flow, is obtained. In
patients with multivessel CAD, the degree of ischemia may
be underestimated because of the 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. For this reason, some
patients with multivessel CAD exhibit perfusion abnormal-
ities in all of the expected coronary arterial territories on
201Tl imaging. Previous reports (5–7) estimated that as few
as 13%–50% of patients with 3-vessel CAD or left main
CAD had perfusion abnormalities in multiple territories.

To improve the performance of the scintigraphic methods
for detection of multivessel CAD, the use of indirect scin-
tigraphic parameters other than multiple perfusion defects
has been reported and validated—that is, increased lung
(8,9) or right ventricular (RV) (10) uptake of 201Tl, transient
ischemic LV dilatation (8,11), and myocardial 201Tl wash-
out (12). Of these signs, increased lung or RV uptake of
201Tl is an indirect sign of exercise-induced LV dysfunction.
Exercise-induced LV dysfunction leads to decreased com-
pliance of the LV, which increases in the LV end-diastolic
pressure. The increased LV end-diastolic pressure is trans-
mitted back to the pulmonary capillaries, resulting in leak-
age of 201Tl into the pulmonary interstitial spaces (13). The
increased LV end-diastolic pressure is transmitted back to
the pulmonary artery and RV. Wackers et al. (14) showed
that an acute increase in RV myocardial blood flow attrib-
uted to acute RV strain after pulmonary banding in a canine
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model resulted in an increased ratio of RV to LV (RV/LV)
of 201Tl activity, even before the development of RV hyper-
trophy.

An automated algorithm (15,16) for direct evaluation of
LV function from electrocardiographically (ECG) gated
myocardial perfusion SPECT is now commercially avail-
able. Recent studies (17–19) using this algorithm showed
that in patients with stress-induced perfusion abnormalities,
the LV ejection fraction (LVEF) after stress was signifi-
cantly lower than the LVEF at rest and that the severity of
perfusion abnormalities was closely related to the degree of
exercise-induced LV dysfunction. Although this automated
algorithm has been initially validated using 99mTc-labeled
tracers (15,16), recent studies (20–22) have validated the
accuracy of 201Tl gated SPECT for measurement of LV
function and shown its feasibility and reliability.

The goal of this study was to evaluate whether the LVEF
measured by the automated algorithm in exercise ECG
gated 201Tl SPECT had incremental diagnostic value over
perfusion data for detection of multivessel CAD compared
with lung or RV uptake of 201Tl.

MATERIALS AND METHODS

Patient Population
We identified 182 consecutive patients with normal sinus

rhythm and known or suspected CAD who underwent exercise
201Tl myocardial SPECT and coronary arteriography in our hospi-
tal between January 1999 and July 2000. Patients who had under-
gone coronary bypass grafting were excluded. Baseline character-
istics of the 182 patients are shown in Table 1. Diagnosis of
previous myocardial infarction was based on documented eleva-
tion of creatine kinase or the presence of the Q-wave on ECG.
Thirteen of the 182 patients had significant left main CAD, which
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.

The initial workload 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, hypoten-
sion, diagnostic ST depression (�1.5-mm horizontal or downslop-
ing or �2.0-mm upsloping), 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 each patient was en-
couraged to exercise for an additional minute. The postexercise im-
ages were obtained immediately after termination of the exercise, and
delayed images were obtained 4 h later. In patients with previous
myocardial infarction, an additional dose of 37 MBq 201Tl was in-
jected at rest immediately after the acquisition of delayed images, and
images after reinjection 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. Thirty-two equidistant projections were acquired over
180° in a 64 � 64 matrix from the 45° right anterior oblique
projection to the 45° left posterior oblique projection. Acquisition
of ECG gated images was performed with 40 s per step, in 6°

angular steps. At each projection, 8 frames were acquired per
cardiac cycle. Nongated images for assessment 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 com-
puter (Pegasys; ADAC Laboratories) with an automatic processing
software program for SPECT (Cedars AutoSPECT; Cedars-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. The LV was divided
into 9 segments (Fig. 1). 201Tl uptake of each segment was assessed
with a 4-point scoring system (3 � normal uptake; 2 � mildly
reduced uptake; 1 � moderately reduced uptake; 0 � severely re-
duced or absent uptake). A reversible defect was defined as �1 grade
improvement in any segment on the delayed images or reinjection
images compared with the postexercise images. The 9 segments
were assigned to 3 coronary territories as shown in Figure 1.
Reversible defects of LV 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

TABLE 1
Baseline Characteristics of 182 Patients

Characteristic Data

Age (y) 63 � 9
Gender

Male 136
Female 46

Coronary risk factors
Diabetes mellitus 61 (34)
Hypertension 103 (57)
Hypercholesterolemia 83 (46)
Hyperuricemia 24 (13)
Smoking 118 (65)

Medication
Nitrates 140 (77)
�-Blockers 105 (58)
Calcium-channel blockers 77 (42)

History of myocardial infarction 59 (32)
History of angioplasty 86 (47)
No. of diseased vessels

0 64 (35)
1 51 (28)
2 37 (20)
3 30 (16)

Exercise test
Peak heart rate (bpm) 125 � 21
Peak systolic blood pressure (mm Hg) 193 � 31
Peak pressure � rate product (�1,000) 24.2 � 6.2
Diagnostic ST depression 40 (22)
Chest pain 35 (19)

Rest LVEF (%) 55.4 � 12.5

Values in parentheses are percentage.
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extension of a perfusion defect into the adjacent territory was consid-
ered a perfusion defect of the predominant territory.

LVEF. A completely automated LV function analysis software
program (Cedars Quantitative Gated SPECT; Cedars-Sinai Medi-
cal Center) (15,16) was used for calculation of the global LVEF.
The postexercise LVEF was derived from initial images, and the
rest LVEF was derived from delayed images in patients without
reinjection images and from reinjection images in patients with
reinjection images.

Lung Uptake of 201Tl. The summed anterior projection image
was used for quantification of lung uptake of 201Tl using a ratio of
lung to heart (lung/heart). Two regions of interest (ROIs) were
drawn: 1 over the entire right lung avoiding the hepatic activity,
and 1 over the myocardial wall. The lung/heart was defined as the
maximal count in the lung ROI divided by the maximal count in
the myocardial ROI (8,9). The postexercise lung/heart was derived
from postexercise images, and the rest lung/heart was derived from
delayed images.

RV Uptake of 201Tl. The summed short-axis tomographic im-
ages were used for quantification of RV uptake of 201Tl using an
RV/LV. ROIs were drawn over the free wall of the RV and LV
wall including the interventricular septum on all short-axis images.
The RV/LV was defined as the maximal count in the RV ROIs
divided by the maximal count in the LV ROIs (10,24). The
postexercise RV/LV was derived from postexercise images, and
the rest RV/LV was derived from delayed images.

Coronary Arteriography
All patients underwent coronary arteriography within 10 wk

(6 � 13 d) of 201Tl SPECT. Coronary angioplasty was not per-
formed between scintigraphic study and coronary arteriography in
any patients. Coronary artery narrowing was assessed visually and
reported as the 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.

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 201Tl SPECT perfusion
data. One-way ANOVA was used to compare scintigraphic pa-
rameters among groups. Posthoc comparisons were performed
with by the Tukey test. The best thresholds of lung uptake, RV
uptake, and LVEF between 0- to 1-vessel versus 2- to 3-vessel
CAD were determined as the cutoff that on receiver-operating-
characteristic (ROC) analysis resulted in the best sensitivity for
detection of multivessel CAD with an associated specificity of
�90%. Incidences of phenomena were compared with the �2 test.
Univariate analysis was performed on scintigraphic criteria to
identify potential predictors of multivessel CAD. Univariate vari-
ables with P � 0.05 were selected as potentially significant and
were entered into a multivariate logistic regression model to iden-
tify independent predictors of multivessel CAD. Coefficients of
correlation between the rest and exercise LVEF were calculated by
linear regression analysis. P � 0.05 was considered significant.
These analyses were performed with SPSS version 10.0 software
(SPSS, Inc., Chicago, IL).

RESULTS

Scintigraphic Data and Number of Diseased Vessels
Relationships between scintigraphic data and the number

of diseased vessels are shown in Table 2. Only 6 (16.2%) of
37 patients with 2-vessel CAD and 3 (10.0%) of 30 patients
with 3-vessel CAD had reversible defects in all diseased
territories. Only 18 (26.9%) of 67 patients with multivessel
CAD had reversible defects in multiple territories.

The postexercise and rest LVEF were decreased with
increasing number of diseased vessels. The magnitude of
worsening of the LVEF by exercise rose with increasing
number of diseased vessels. The postexercise lung/heart and
the postexercise RV/LV and the rest RV/LV increased with
number of diseased vessels. The number of diseased vessels
had no effect on either the rest lung/heart or the difference
between the rest RV/LV and the postexercise RV/LV. The
difference between the rest lung/heart and the postexercise
lung/heart decreased with number of diseased vessels.

The values of worsening of the LVEF by exercise were
2.1% � 8.4% (P � 0.04 vs. patients without the left anterior
descending artery lesion) in patients with the proximal left
anterior descending artery lesion (n � 41), 	1.5% � 8.3%
in patients with the distal left anterior descending artery
lesion (n � 46), and 	1.2% � 6.2% in patients without the
left anterior descending artery lesion (n � 95). The values
of worsening of the LVEF by exercise were 3.8% � 6.6% in
patients with multivessel CAD including the proximal left
anterior descending artery lesion (n � 24) and 	0.3% �
10.3% in patients with 1-vessel CAD of the proximal left
anterior descending artery (n � 17).

Detection of Multivessel CAD with Scintigraphic
Parameters

Scintigraphic parameter data for patients with and with-
out multivessel CAD and the best thresholds of scinti-
graphic parameters for detection of multivessel CAD are
shown in Table 3. Neither results of ROC analysis for the
rest lung/heart nor the difference between the postexercise

FIGURE 1. Short-axis tomographic segments in relation to
coronary arterial territories. Reversible defects in anterior, sep-
tal, 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).
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RV/LV and the rest RV/LV reached statistical significance.
The sensitivities of the other parameters using their best
thresholds determined by ROC analysis for detection of
multivessel CAD ranged from 22.4% to 29.9% when com-
bined with 90.4% specificities (Table 3).

The diagnostic capabilities of scintigraphic parameters
with the best thresholds for detection of multivessel CAD
are summarized in Table 4. Sensitivities of the postexercise
and the rest LVEF, worsening of the LVEF, the postexercise
lung/heart, the difference between the rest lung/heart and
the postexercise lung/heart, and the postexercise RV/LV
and the rest RV/LV by themselves did not differ from those

of perfusion data alone. Sensitivities of the combination of
perfusion data and scintigraphic parameters other than
worsening of the LVEF did not differ from those of perfu-
sion data alone, whereas the sensitivity of the combination
of perfusion data and worsening of the LVEF (i.e., revers-
ible defects in multiple territories or worsening of the LVEF
by exercise �5.6% [or both]) was significantly greater than
that of perfusion data alone (43.3% vs. 26.9%; P � 0.05).
Specificities of all scintigraphic parameters by themselves
and in combination with perfusion data were significantly
lower than those of perfusion data alone (90.4% vs. 100%;
P � 0.001) but remained �90%. No difference was found

TABLE 2
Relationships Between Scintigraphic Data and Number of Diseased Vessels

No. of diseased vessels

P0 (n � 64) 1 (n � 51) 2 (n � 37) 3 (n � 30)

No. of territories with reversible defects
0 58 18 10 6 �0.001 (� � 0.349)
1 6 33 21 12
2 0 0 6 9
3 0 0 0 3

LVEF (%)
Postexercise 62.1 � 12.1 56.3 � 10.8 50.8 � 13.2* 48.4 � 14.4*† �0.001
Rest 59.9 � 13.0 55.1 � 9.4 52.3 � 12.7* 50.0 � 13.1* 0.001
Worsening by exercise 	2.2 � 6.4 	1.1 � 8.4 1.4 � 6.9 1.6 � 7.6 0.031

Lung/heart
Postexercise 0.354 � 0.074 0.393 � 0.085 0.401 � 0.083 0.471 � 0.126*†‡ �0.001
Rest 0.470 � 0.083 0.491 � 0.079 0.482 � 0.054 0.481 � 0.074 0.475
Difference (rest 	 postexercise) 0.116 � 0.077 0.098 � 0.095 0.082 � 0.094 0.016 � 0.115*†‡ �0.001

RV/LV
Postexercise 0.314 � 0.064 0.326 � 0.053 0.361 � 0.097* 0.380 � 0.148*† 0.002
Rest 0.329 � 0.069 0.325 � 0.073 0.354 � 0.076 0.366 � 0.082 0.041
Difference (rest 	 postexercise) 0.015 � 0.057 	0.001 � 0.062 	0.007 � 0.080 	0.014 � 0.104 0.255

*P � 0.05 vs. 0-vessel disease.
†P � 0.05 vs. 1-vessel disease.
‡P � 0.05 vs. 2-vessel disease.

TABLE 3
Scintigraphic Parameter Data for Patients With and Without Multivessel CAD and Best Thresholds of Scintigraphic

Parameters for Detection of Multivessel CAD

No. of diseased vessels ROC analysis

0 or 1
(n � 115)

2 or 3
(n � 67) P

Best
threshold Area P

Sensitivity
(%)

Specificity
(%)

LVEF (%)
Postexercise 59.5 � 11.9 49.7 � 13.7 �0.001 44.3 0.714 �0.001 25.4 90.4
Rest 57.8 � 11.7 51.2 � 12.8 0.001 43.5 0.639 0.002 25.4 90.4
Worsening by exercise 	1.7 � 7.4 1.5 � 7.2 0.004 5.6 0.628 0.004 29.9 90.4

Lung/heart
Postexercise 0.372 � 0.081 0.432 � 0.109 �0.001 0.479 0.675 �0.001 25.4 90.4
Rest 0.479 � 0.081 0.485 � 0.061 0.654 0.579 0.533 0.461 6.0 90.4
Difference (rest 	 postexercise) 0.108 � 0.086 0.052 � 0.108 �0.001 0.008 0.641 0.002 25.4 90.4

RV/LV
Postexercise 0.319 � 0.059 0.369 � 0.121 �0.001 0.404 0.613 0.011 23.9 90.4
Rest 0.327 � 0.071 0.359 � 0.078 0.005 0.415 0.633 0.003 22.4 90.4
Difference (rest 	 postexercise) 0.008 � 0.060 	0.010 � 0.091 0.106 	0.064 0.540 0.365 17.9 90.4
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in sensitivities, specificities, or diagnostic accuracies among
these parameters either by themselves or in combination
with perfusion data.

The results of univariate and multivariate analysis of
prediction of multivessel CAD are shown in Table 5. In
scintigraphic parameters evaluated in this study, the number
of territories with reversible defects and worsening of the
LVEF by exercise were independent predictors of multives-
sel CAD.

Representative images of a patient with angina pectoris
are shown in Figures 2 and 3.

Rest LVEF and Detection of Multivessel Disease by
Worsening of LVEF by Exercise

The postexercise LVEF was closely correlated with the
rest LVEF (r � 0.84; P � 0.001), whereas worsening of the
LVEF by exercise was minimally correlated with the rest
LVEF (r � 0.17; P � 0.05). The diagnostic value of a
�5.6% worsening of the LVEF by exercise for detection of
multivessel CAD is summarized in Table 6.

In patients with a rest LVEF of �50%, the sensitivity of
worsening of the LVEF by itself did not differ from that of
perfusion data alone (34.1% vs. 17.1%; P � not significant),
but the sensitivity of the combination of perfusion data and
worsening of the LVEF was significantly greater than that
of perfusion data alone (41.5% vs. 17.1%; P � 0.02).

TABLE 4
Diagnostic Capabilities of Scintigraphic Parameters with Best Thresholds for Detection of Multivessel CAD

Criteria for detection of multivessel CAD

No. of diseased vessels

Sensitivity
(%)

Specificity
(%)

Accuracy
(%)

0 or 1 (n � 115) 2 or 3 (n � 67)

Negative Positive Negative Positive

Perfusion data alone 115 0 49 18 26.9 100 73.1
LVEF

Postexercise 104 11 50 17 25.4 90.4* 66.5
Rest 104 11 50 17 25.4 90.4* 66.5
Worsening by exercise 104 11 47 20 29.9 90.4* 68.1

Lung/heart
Postexercise 104 11 50 17 25.4 90.4* 66.5
Difference (rest 	 postexercise) 104 11 50 17 25.4 90.4* 66.5

RV/LV
Postexercise 104 11 51 16 23.9 90.4* 65.9
Rest 104 11 52 15 22.4 90.4* 65.4

Combination with perfusion data
LVEF

Postexercise 104 11 42 25 37.3 90.4* 70.9
Rest 104 11 40 27 40.3 90.4* 72.0
Worsening by exercise 104 11 38 29 43.3* 90.4* 73.1

Lung/heart
Postexercise 104 11 41 26 38.8 90.4* 71.4
Difference (rest 	 postexercise) 104 11 42 25 37.3 90.4* 70.9

RV/LV
Postexercise 104 11 41 26 38.8 90.4* 71.4
Rest 104 11 40 27 40.3 90.4* 72.0

*P � 0.05 vs. perfusion data alone.

TABLE 5
Univariate and Multivariate Analysis of Predictors

of Multivessel CAD

Criteria for detection of multivessel CAD �2 P

Univariate analysis
No. of territories with reversible defects 34.6 �0.001
LVEF

Postexercise 7.6 0.006
Rest 7.6 0.006
Worsening by exercise 11.3 �0.001

Lung/heart
Postexercise 7.6 0.006
Difference (rest 	 postexercise) 7.6 0.006

RV/LV
Postexercise 6.5 0.011
Rest 5.4 0.02

Multivariate analysis
No. of territories with reversible defects 24.3 �0.001
LVEF

Postexercise 0.4 0.519
Rest 0.9 0.348
Worsening by exercise 4.7 0.031

Lung/heart
Postexercise 0.6 0.446
Difference (rest 	 postexercise) 0 0.91

RV/LV
Postexercise 0.4 0.548
Rest 0.6 0.454
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Specificities of worsening of the LVEF by itself and in
combination with perfusion data were significantly lower
than those of perfusion data alone but remained acceptable
(87.8%). The diagnostic accuracies of worsening of the
LVEF by itself and in combination with perfusion data did
not differ from those of perfusion data alone.

In patients with a rest LVEF � 50%, sensitivities, spec-
ificities, and diagnostic accuracies of worsening of the
LVEF by itself and in combination with perfusion data did
not differ from those of perfusion data only.

DISCUSSION

Our results showed that the postexercise and the rest
LVEF, and worsening of the LVEF by exercise measured by
ECG gated exercise 201Tl SPECT, had diagnostic value for
detection of multivessel CAD as well as lung or RV uptake
of 201Tl. In particular, the combination of assessment of
worsening of the LVEF by exercise and perfusion data in
exercise myocardial 201Tl SPECT was more sensitive with
acceptable specificity for detection of multivessel CAD than
assessment of perfusion data alone. Moreover, worsening of
the LVEF by exercise was nearly independent of the rest
LVEF and could detect multivessel CAD in patients with a
preserved rest LVEF.

Myocardial stunning was initially reported in animal
models of coronary occlusion and reperfusion (25). It was

shown subsequently that myocardial stunning is also caused
by exercise-induced ischemia. The time course of resolution
of ischemic LV dysfunction in patients has been reported to
range from immediate to 2 h (26–28). An echocardio-
graphic study (26) revealed persistence of regional wall
motion abnormalities 30 min after completion of exercise in
a high proportion of patients with multivessel CAD. Myo-
cardial uptake of perfusion tracer at the time of acquisition
represents the relative myocardial perfusion pattern at the
time of tracer injection, whereas the functional data derived
from ECG gating represent LV function at the time of
acquisition. Acquisition of the initial images in this study
required about 15 min after completion of exercise. Accord-
ingly, in some patients with exercise-induced ischemia, LV
regional and global function might have already returned to
baseline by the completion of the poststress 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 stun-
ning lead to chronic depression of LV function (29). There-
fore, it is possible that in some patients with severe coronary
artery stenosis, LV regional and global function is reduced
even at rest and that exercise does not induce additional LV
dysfunction. Worsening of the LVEF by exercise might
correspondingly have relatively low sensitivity in the detec-
tion of multivessel CAD.

FIGURE 2. Representative images of an-
terior projection views and tomograms
from 63-y-old male patient with 75% ste-
nosis of left main coronary artery and 75%
stenosis of proximal left anterior descend-
ing artery. Lung uptake of 201Tl on anterior
projection view of postexercise image was
markedly increased (lung/heart, 0.57), but
that on delayed image was not increased
(lung/heart, 0.45). Tomographic images re-
vealed mild reversible defect in apex of LV.
RV uptake of 201Tl on postexercise images
was markedly increased (RV/LV, 0.66), but
that on delayed images was not increased
(RV/LV, 0.35).

FIGURE 3. LV functional images ob-
tained by gated SPECT from same patient
as in Figure 2. Outer cage and solid surface
represent endocardial surfaces at end di-
astole and end systole, respectively. LVEF
calculated from postexercise images was
markedly reduced (LVEF, 40%), but that
calculated from delayed images was 60%.
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Because the severity and duration of postischemic func-
tional depression depend on the severity of the ischemia
(27,28), recent reports have shown a good relationship
between the severity of perfusion abnormalities and exer-
cise-induced LV dysfunction in exercise perfusion scanning
(18,19). However, in patients with multivessel CAD, the
degree of ischemia may be underestimated because of the
relatively balanced global hypoperfusion of the LV without
absolute quantification of regional blood flow. In this study,
perfusion data revealed reversible defects in multiple terri-
tories in only 18 (26.9%) of 67 patients with multivessel
CAD, which were comparable to those of previous studies
(5–7), whereas worsening of the LVEF by exercise was
detected in 11 (22.4%) of 49 patients with reversible defects
in at most 1 territory and multivessel CAD.

Multiple studies have shown that the rest LVEF and the
postexercise LVEF are powerful predictors of cardiac
events and long-term survival of patients with CAD (30,31).
The magnitude of worsening of the LVEF by exercise used
in this study was nearly independent of LV function at rest
and could identify those with multivessel CAD even among
patients with a preserved rest LVEF.

Previous studies showed the incremental prognostic value
of myocardial perfusion SPECT over clinical and exercise
data in predicting cardiac death and nonfatal myocardial
infarction (2–4). A significant relationship exists between
the extent of perfusion abnormality and cardiovascular mor-
tality, and patients with a normal or mildly abnormal stress
SPECT perfusion scan have low cardiovascular mortality
(2,3,32,33). However, only some patients with multivessel
disease exhibit multivessel patterns of perfusion abnormal-
ities (5–7). Hachamovitch et al. (33) reported that patients
with mildly abnormal stress SPECT perfusion scans were at
low risk for cardiac death but at intermediate risk for non-
fatal myocardial infarction. Patients with multivessel dis-
ease have poor prognosis without revascularization and
benefit from revascularization in terms of survival (34).
Accordingly, it is important to detect patients with multives-

sel CAD among those with no or mild perfusion abnormal-
ities and to recommend that such patients undergo coronary
arteriography and revascularization. As shown in this study,
worsening of the LVEF by exercise has the potential to
detect patients with multivessel CAD among those without
multivessel patterns of reversible defects.

Mazzanti et al. (11) reported that automatic measurement
of transient ischemic LV dilatation on stress 99mTc-sesta-
mibi/rest 201Tl dual-isotope nongated SPECT was sensitive
and highly specific for detection of severe and extensive
CAD (stenosis �90% involving either the proximal left
anterior descending artery or 2 or 3 coronary arteries).
However, in their study, transient ischemic LV dilatation
could not detect multivessel CAD with only mild to mod-
erate stenosis, and no incremental diagnostic value of tran-
sient ischemic LV dilatation for detection of multivessel
CAD over perfusion data was found. In this study, we
showed that worsening of the LVEF by exercise was insen-
sitive but had incremental diagnostic value over perfusion
data for detection of multivessel CAD.

Johnson et al. (17) reported that in 22 (36%) of 61
patients with reversible perfusion defects, the poststress
LVEF was �5% lower than the rest LVEF and that rest to
poststress differences in chordal shortening were signifi-
cantly greater in territories with reversible perfusion defect
than in those without reversible defect on stress/rest sesta-
mibi gated SPECT. In their study, the poststress LVEF
exhibited no significant correlation with the number of
diseased vessels, and no data concerning the relationship
between worsening of the LVEF by exercise and the num-
ber of diseased vessels were presented.

The postexercise LVEF, the lung/heart, and the RV/LV
are all affected by cardiac function at rest (24,35). Because
patients with multivessel CAD have a decreased rest LVEF,
as shown in this study, these parameters might not be
specific markers of exercise-induced LV dysfunction. Mea-
surements of the lung/heart or the RV/LV require manual
tracing of ROIs, and patients with proximal right coronary

TABLE 6
Diagnostic Value of �5.6% Worsening of LVEF by Exercise for Detection of Multivessel CAD

Criteria for detection of multivessel CAD

No. of diseased vessels

Sensitivity
(%)

Specificity
(%)

Accuracy
(%)

0 or 1 2 or 3

Negative Positive Negative Positive

Patients with rest LVEF �50% (n � 131)
Perfusion data alone 90 0 34 7 17.1 100 74.0
Worsening of LVEF by exercise 79 11 27 14 34.1 87.8* 71.0
Perfusion data or worsening of LVEF by exercise (or both) 79 11 24 17 41.5* 87.8* 73.3

Patients with rest LVEF �50% (n � 51)
Perfusion data alone 25 0 15 11 42.3 100 70.6
Worsening of LVEF by exercise 25 0 20 6 23.0 100 60.8
Perfusion data or worsening of LVEF by exercise (or both) 25 0 14 12 46.2 100 72.5

*P � 0.02 vs. perfusion data alone.
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artery lesions or prior RV infarction may not have increased
RV uptake, even if they have multivessel CAD (10). On the
other hand, worsening of the LVEF by exercise appears to
be a specific marker of exercise-induced LV dysfunction
and can be obtained completely automatically.

In this study, perfusion defects were interpreted visually.
Visual analysis in this study might categorize some mild but
significant defects of 201Tl as being normal, resulting in the
low sensitivity of perfusion defects for detection of mul-
tivessel CAD. Visual analysis of perfusion defects is the
most common method in clinical practice, but quantitative
analysis of 201Tl distribution was reported to increase the
sensitivity of visual analysis for detection of multivessel
CAD (12). Moreover, we did not assess transient ischemic
LV dilatation, although transient ischemic LV dilatation
was also reported to be a sensitive marker for detection of
severe and extensive CAD (8,11). These points are the
major limitations in this study. To confirm the incremental
value of the LVEF for detection of multivessel CAD, further
study is necessary to evaluate whether LVEF analysis in
exercise 201Tl SPECT had incremental diagnostic value over
quantitative analysis of perfusion defects or analysis of
transient ischemic LV dilatation for detection of multivessel
CAD.

In this study, we evaluated completely or partially revers-
ible defects as a perfusion variable to identify patients with
multivessel CAD, but not fixed defects. This might result in
the low sensitivity of perfusion data for detection of mul-
tivessel CAD. However, many patients in this study had
previous myocardial infarctions treated with coronary an-
gioplasty. In other words, many patients had previous myo-
cardial infarctions but no significant stenosis in the infarct-
related artery. Accordingly, fixed defects can identify the
presence of previous myocardial infarction but cannot iden-
tify significant coronary artery stenosis. Because the pur-
pose of this study was to identify significant coronary artery
stenosis by evaluating exercise-induced ischemia and exer-
cise-induced LV dysfunction, we did not evaluate fixed
defects.

As shown in Table 1, 58% of our patients were treated
with �-blockers, resulting in a relatively low peak heart rate.
A low peak heart rate and medication with nitrates or
calcium-channel blockers (or both) would tend to decrease
the sensitivity of all scintigraphic parameters for detection
of multivessel CAD. This is one limitation of this study.

The decision to perform coronary arteriography was
made by physicians on the basis of SPECT findings or other
clinical findings, and patient selection was biased. This
study did not determine the prognostic value of perfusion
data, the LVEF, or diagnosis with the combination of per-
fusion data and the LVEF. To confirm the clinical useful-
ness of worsening of the LVEF by exercise in detection of
multivessel CAD, a prospective study with a large popula-
tion, including evaluation of prognosis, is required.

CONCLUSION

The combination of assessment of worsening of the
LVEF by exercise and perfusion data in exercise myocardial
201Tl gated SPECT was more sensitive with acceptable
specificity for detection of multivessel CAD than assess-
ment of perfusion data alone. Worsening of the LVEF by
exercise has the potential to detect patients with multivessel
CAD among those without multivessel patterns of revers-
ible defects.
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