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yocardial perfusion imaging (MPI) with single-
photon emission computed tomography (SPECT) 
provides valuable diagnostic and prognostic infor-

mation in patients with coronary artery disease (CAD).1–4 The 
application of the electrocardiogram (ECG)-gating technique 
to MPI with SPECT enables the simultaneous evaluation of 
myocardial perfusion and left ventricular (LV) function by 
use of the quantitative gated SPECT program (QGS).5–7

In patients with CAD, the post-stress gated SPECT shows 
global and regional LV dysfunction.8,9 Transient ischemic 
dilatation (TID) on MPI refers to a significant enlargement 
in the LV size on the stress images compared with the rest 
images. TID and post-stress LV dysfunction are the specific 
markers of severe and extensive CAD, and are also indepen-

dent predictors of cardiac events, although the underlying 
mechanism of TID is still a matter of controversy.10–14

Physical exercise is now commonly used as a stressor. In 
patients unable to exercise, adenosine and dipyridamole, 
strong coronary vasodilators, are often used as stressors. To 
our knowledge, the vasodilators themselves have no direct 
influence on LV function. However, current studies have 
reported that adenosine or adenosine triphosphate may impair 
LV function in patients with normal myocardial perfusion.15,16 
Because TID and post-stress LV dysfunction are used as 
markers for severe and extensive CAD in clinical examina-
tions, and the cutoff value for an abnormal TID ratio in vaso-
dilator-induced stress is higher than that in exercise stress,12,17 
it is crucial to clarify the effects of vasodilator-induced stress 
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Background:  Transient ischemic dilatation (TID) and post-stress dysfunction of the left ventricle (LV) are impor-
tant markers of severe coronary artery disease (CAD). To clarify the effects of stressor type on TID and post-stress 
LV dysfunction, changes in LV measurements were compared between patients with exercise- or vasodilator-
induced stress.

Methods and Results:  The 689 patients referred for technetium-99m tetrofosmin myocardial perfusion imaging 
were included. Patients were stressed with either a vasodilator (n=236) or exercise (n=453). LV measurements 
were obtained with ECG-gated SPECT. LV end-diastolic and end-systolic volume indexes (LVEDVI, LVESVI) 
increased and LV ejection fraction (LVEF) decreased after stress in the vasodilator-stress group. Vasodilator-
stress and the summed difference score (SDS) were independent variables that decreased LVEF after stress. 
Even in patients without reversible defects, vasodilator-stress impaired LV function. There were no differences in 
the stress-to-rest ratios of LVEDVI (rEDV) and LVESVI (rESV) among patients with normal myocardial perfusion, 
fixed defects and reversible defects in the vasodilator-stress group, whereas in the exercise-stress group, rESV 
was significantly higher in the patients with reversible defects than in those without reversible defects. Within the 
vasodilator-stress group, neither rEDV nor rESV correlated with the SDS.

Conclusions:  Vasodilator-stress by itself decreases LVEF after stress. TID should be carefully interpreted when 
vasodilator-stress is used to detect severe CAD.    (Circ J  2010; 74: 2666 – 2673)
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by itself on LV function. Therefore, the present study exam-
ined (1) the changes in LV volume and LV ejection fraction 
(LVEF) in patients who underwent exercise stress or a vaso-
dilator-stress test, (2) the independent predictors for a decrease 
in LVEF after stress, and (3) the difference in the stress-to-
rest ratios of LV volumes among patients with normal myo-
cardial perfusion, reversible defects and fixed defects.

Methods
Patients
We selected patients with known or suspected CAD who un-
derwent technetium (Tc-99m) tetrofosmin MPI at Hamamatsu 
University Hospital between September 2005 and August 
2008. Exclusion criteria were patients with an acute myo-
cardial infarction, hypertrophic or dilated cardiomyopathy, 
arrhythmias (atrial fibrillation, atrial flutter and frequent pre-
mature ventricular complexes), left bundle branch block and 
pacemaker rhythm on 12-lead ECG, and active bronchial 
asthma. In total, 689 patients (449 men, 240 women; median 
age 68 years, range 34–90 years) were analyzed retrospec-
tively.

Stress Protocol
All the patients underwent stress myocardial SPECT with 
Tc-99m tetrofosmin using a 1-day stress/rest protocol.18 of 
the 689 patients, 453 performed a symptom-limited exercise 
stress test in the upright position using a bicycle ergometer 
(the exercise-stress group).19 This exercise protocol included 
a stepwise increase in workload, depending on sex and age. 
Exercise endpoints were severe angina, physical exhaustion, 
sustained ventricular tachycardia and dyspnea. At near maxi-
mal exercise, a dose of 185 MBq of Tc-99m tetrofosmin was 
administered and exercise was continued at the same level 
for 1 min after the injection.

A vasodilator pharmacologic stress test was used for 236 
of the 689 patients (the vasodilator-stress group; dipyridam-
ole and adenosine in 75 and 161 patients, respectively). In the 
vasodilator-stress test, patients were asked to abstain from 
caffeine-containing foods and beverages, and medications 
containing xanthine for 24 h. Dipyridamole was administered 
intravenously at a rate of 0.14 mg · kg–1 · min–1 for 4 min, and 
4 min later, a dose of 185 MBq of Tc-99m tetrofosmin was 
given intravenously.20 Adenosine was administered at a rate 
of 120 μg · kg–1 · min–1 for 6 min, and 3 min later, a dose of 
185 MBq of Tc-99m tetrofosmin was given.2 None of the 
patients undergoing pharmacologic testing received reversal 
medications (eg, aminophyline).

Before and every minute during the stress test, the 12-lead 
ECG was examined. ECG-gated SPECT was acquired 30 min 
after each test and 4 h after the initial acquisition. For the later 
ECG-gated SPECT, a dose of 555 MBq of Tc-99m tetrofos-
min was re-administered and image acquisition was started 
30 min after the injection.

Image Acquisition Protocol
ECG-gated myocardial perfusion SPECT was acquired 
with a dual-detector gamma camera (Millennium VG, GE 
Healthcare Technologies, Milwaukee, WI, USA) equipped 
with high-resolution collimators. SPECT data were acquired 
from 32 projection views over 180°, extending from the 45° 
right anterior oblique to the 45° left anterior oblique posi-
tion, with 45 s/view, on 64×64 matrices with 1.33 acquisition 
zoom, 16 frames per cardiac cycle with ECG gating, ±50% 
R-R acceptance window, and 20% energy window centered 

at 140 keV. The data were processed on a dedicated computer 
(Xeleris, GE Healthcare Technologies, Haifa, Israel) with the 
QGS 3.0 software program (Cedars-Sinai Medical Center, 
CA, USA).6,7 The images were reconstructed by ramp filter 
back projection after pre-filtering the projection data with a 
Butterworth filter (cut-off frequency 0.40 cycle/cm and 10th 
order). The reconstructed data were projected as tomographic 
slices in short-, vertical and horizontal axis views. In addi-
tion, the images were displayed as polar plots.

Analyses of Myocardial Perfusion and LV Function
The non-gated perfusion images of exercise- or vasodilator-
induced stress and the rest studies were displayed in the 
short-, vertical and horizontal axis views. A semi-quantita-
tive visual interpretation was performed using 20 segments 
for each of the stress and rest images.2,21 Each segment was 
scored using a 5-point scoring system (0, normal uptake; 1, 
mildly reduced uptake; 2, moderately reduced uptake; 3, 
severely reduced uptake; 4, absent of tracer) by 2 experienced 
observers in consensus. The summed stress score (SSS) and 
summed rest score (SRS) were obtained by summing of the 
scores of 20 segments on the exercise- or vasodilator-stress 
and rest images, respectively. The summed difference score 
(SDS) was defined as the difference of SSS and SRS.17 The 
perfusion images were classified as normal myocardial per-
fusion or showing fixed or reversible defects. A defect was 
considered to be fixed when there was no change between 
the stress and rest images. A defect was considered to be 
reversible when there was an improvement in perfusion 
between the stress and rest images of at least 1 grade in 1 
segment or more.

LV end-diastolic volume (LVEDV), LV end-systolic  
volume (LVESV) and LVEF were acquired with QGS. The 
values for the LV volumes were indexed by dividing them 
with the body surface area (LVEDVI and LVESVI).

Statistical Analysis
All the data are expressed as the mean ± standard deviation 
of the indicated numbers. Categorical variables were com-
pared between the patient groups by chi-square test. Differ-
ences between groups were examined by unpaired t-test or 
1-way ANOVA followed by Scheffé’s post hoc multiple com-
parison test. Analyses of covariance (ANCOVA) were per-
formed, adjusting for age and sex, to compare mean values of 
the LV parameters. Differences between scintigraphic scores 
were examined by Wilcoxon rank-sum test (non-parametri-
cally distributed values). The changes in LV volume and 
LVEF after stress were examined by a paired t-test. Multiple 
linear regression analysis was used to assess the independent 
variables that affect the change in LVEF after stress. Corre-
lations between the stress-to-rest ratios of LVEDVI (rEDV), 
LVESVI (rESV) and SDS were assessed by Pearson’s cor-
relation coefficient (r). A P value less than 0.05 was regarded 
as denoting a statistically significant difference. The compu-
tations were performed using SPSS (Version 11.0; SPSS Inc, 
Chicago, IL, USA).

Results
Patients’ Characteristics
The vasodilator-stress group included more female, older 
and shorter patients (Table 1). The prevalence of previous 
coronary artery bypass grafting was higher in the vasodilator-
stress group, whereas that of previous percutaneous coronary 
intervention was higher in the exercise-stress group.
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Changes in Hemodynamic Parameters
At rest, heart rate was higher but systolic blood pressure was 
lower in the vasodilator-stress group (Table 2). The double 
product of heart rate and systolic blood pressure was, there-
fore, similar between the 2 groups. In the exercise-stress 
group, almost optimal exercise-stress was achieved, because 
the heart rate, systolic blood pressure and double product 
increased significantly at the peak of exercise (all, P<0.001). 
In the vasodilator-stress group, heart rate increased and sys-

tolic blood pressure decreased at the end of vasodilator-stress 
(both, P<0.001). Therefore, there was no significant change 
in the double product.

Changes in LV Volumetric Parameters After Stress
There was no significant difference in SSS, SRS or SDS be-
tween the 2 groups (Table 2). Additionally, when a cut-off 
point of SSS ≥14 or SDS ≥9 was applied as an index of  
severe CAD,10,17 the proportions of patients with severe CAD 

Table 1.  Comparison of the Clinical Characteristics of Patients With Exercise- or Vasodilator-Induced Stress

Exercise stress 
(n=453)

Vasodilator stress 
(n=236) P value

Age (years) 65.5±9.1　　 70.9±9.6　　 <0.001

Height (cm) 160.2±8.6　　　　 156.0±9.0　　　　 <0.001 

Body weight (kg) 60.6±11.1 53.9±10.6 <0.001

Male 309 (68.2%) 140 (59.3%) 　0.023

LVESV <20 ml (at rest) 168 (37.1%)   89 (38.5%) 　0.713

Prior MI   97 (19.2%)   44 (18.6%) 　0.859

CABG   50 (11.0%)   42 (17.8%) 　0.018

PCI 119 (26.2%)   44 (18.6%) 　0.030

Hypertension 230 (50.8%) 127 (53.8%) 　0.470

Hyperlipidemia 118 (41.5%)   84 (35.6%) 　0.140

Diabetes mellitus 162 (35.7%)   76 (32.2%) 　0.399

Smoking   66 (20.3%)   30 (14.8%) 　0.131

    (Unknown) (129) (33)

Nitrate or nicorandil 142 (31.3%)   86 (36.4%) 　0.201

HMG-CoA reductase inhibitors 172 (38.0%)   72 (30.5%) 　0.054

β-blockers 132 (29.1%)   72 (30.5%) 　0.726

Calcium antagonists 206 (45.5%)   97 (41.1%) 　0.293

ACEI/ARB 181 (40.0%)   98 (41.5%) 　0.744

Antiplatelets 223 (51.4%) 113 (47.9%) 　0.379

Values are mean ± SD.
LVESV, left ventricular end-systolic volume; MI, myocardial infarction; CABG, coronary artery bypass grafting; PCI, 
percutaneous coronary intervention; HMG-CoA, 3-hydroxy-3-methylglutaryl coenzyme A; ACEI, angiotensin-converting 
enzyme inhibitors; ARB, angiotensin II receptor blockers.

Table 2.  Comparison of Hemodynamic and Perfusion Parameters of Patients With Exercise- or Vasodilator- 
Induced Stress

Exercise stress 
(n=453)

Vasodilator stress 
(n=236) P value

Hemodynamic parameters

    Heart rate (beats/min)

    Rest   68.3±11.7 71.0±13.5 　0.010

    Stress 134.5±22.6 84.0±23.0 <0.001

Systolic blood pressure (mmHg)

    Rest 137.7±36.8 126.5±29.2　　 <0.001

    Stress 180.0±31.2 116.7±22.7　　 <0.001

    Double products

    Rest   9,438.5±3,219.0 8,970.3±2,644.7 　0.130

    Stress 24,358.6±6,378.1 9,860.1±3,910.8 <0.001

Perfusion parameters

    SSS   4.6±7.1 4.8±7.6 　0.578

    SSS >– 14 62 (13.7%) 24 (10.2%) 　0.224

    SRS   3.1±6.2 3.3±6.7 　0.495

    SDS   1.5±2.8 1.4±2.7 　0.640

    SDS >– 9 20 (4.4%)　　 6 (2.5%) 　0.149

Values are mean ± SD.
SSS, summed stress score; SRS, summed rest score; SDS, summed difference score.
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did not differ between the 2 groups. These results implied 
that the severity of myocardial perfusion abnormality was 
similar between groups.

On the rest images LVEF was lower and LVESVI was 
higher in the vasodilator-stress group than in the exercise-
stress group. On the stress images, LVEF was lower and 
LVEDVI and LVESVI were higher in the vasodilator-stress 
group than in the exercise-stress group (Table 3). However, 
both LVEDVI and LVESVI increased significantly after stress 
in the vasodilator-stress group, whereas LVEDVI decreased 
significantly in the exercise-stress group. In the both groups, 
LVEF decreased significantly after stress.

To eliminate the effects of age and sex, we compared the 
LV parameters between the 2 groups with these factors ad-
justed by using ANCOVA (Table 4). On both rest and stress 
images, LVEF was lower and LVEDVI and LVESVI were 
higher in the vasodilator-stress group than in the exercise-
stress group, similar to the values shown in Table 3. Thus, 
these factors did not influence the LV measurements obtained 
with ECG-gated SPECT.

Multivariate Analyses for Determinate Factors  
of the Decrease in LVEF After Stress
The partial regression coefficients of patient characteristics 
and perfusion parameters that affected the decrease in LVEF 
after stress are shown in Table 5. Only vasodilator-induced 
stress and SDS were found to be independent variables that 
decreased LVEF after stress.

Changes in LV Volumetric Parameters in Patients  
With Normal Myocardial Perfusion or Fixed Defects
Because SDS was selected as an independent variable for 
the decrease in LVEF, we next investigated the changes in 
LV volumetric parameters in patients with normal myocardial 
perfusion and in those with fixed defects on MPI (Table 6) to 
eliminate the effect of stress-induced myocardial ischemia.

Among patients with both normal myocardial perfusion 
and fixed defects, both LVEDVI and LVESVI increased, and 
LVEF decreased after stress in those in the vasodilator-stress 
group. In contrast, there was no difference in LVESVI or 
LVEF, but LVEDVI decreased, after stress in those in the 
exercise-stress group (Table 6).

Next, we compared the changes in LV volume indexes 
after stress between the exercise- and vasodilator-induced 
stress groups. In the exercise-stress group, ∆LVEDVI was 
−1.5±5.3 ml, −2.0±5.9 ml and −1.2±6.3 ml, ∆LVESVI was 
−0.1±4.2 ml, −0.2±5.4 ml and 1.2±3.6 ml, and ∆LVEF was 
−0.6±5.7%, −0.1±6.9% and −2.9±5.3% in patients with normal 
myocardial perfusion, fixed defects and reversible defects, 
respectively. In the vasodilator-stress group, the respec-
tive ∆LVEDVI was 1.7±4.1 ml, 3.6±4.9 ml and 1.4±5.6 ml, 
∆LVESVI was 1.7±3.2 ml, 3.0±4.7 ml, and 1.8±4.1 ml and 
∆LVEF was −2.0±5.9%, −1.6±4.1% and −2.7±5.3% (Figure 1). 
The ∆LVESVI was larger in patients with reversible defects 
than in patients with normal myocardial perfusion in the ex-
ercise-stress group. However, there were no differences in 
∆LVESVI among the 3 groups in the vasodilator-stress group.

Vasodilator-Dependent Effects on LV Volumetric Parameters
We further investigated whether there were vasodilator-de-
pendent effects on LV volumetric parameters in patients with 
normal myocardial perfusion (dipyridamole; n=32, adenosine; 
n=74). There were no differences in the increases in LVEDVI 
and LVESVI or the decrease in LVEF after stress between 

Table 3.  Comparison of Left Ventricular Volumetric 
Parameters at Rest and After Stress

Rest Stress P value

Exercise stress

    LVEF (%) 67.3±12.6 65.9±13.1 <0.001

    LVEDVI (ml/m2) 48.3±16.8 46.8±17.2 <0.001

    LVESVI (ml/m2) 17.5±13.8 17.9±14.8 　0.078

Vasodilator stress

    LVEF (%) 　64.4±16.5* 　　　62.1±16.2*** <0.001

    LVEDVI (ml/m2) 50.6±23.6 　52.5±24.4† <0.001

    LVESVI (ml/m2) 　　20.9±20.9** 　　22.8±21.8†† <0.001

On the rest images, LVEF was lower and LVESVI was higher in 
the vasodilator-stress group than in the exercise-stress group (*P= 
0.014 and **P=0.017, respectively). On the stress images LVEF 
was lower and LVEDVI and LVESVI were higher in the vasodi-
lator-stress group than in the exercise-stress group (***P=0.002, 
†P=0.001 and ††P=0.003, respectively). Values are mean ± SD.
LVEF, left ventricular ejection fraction; LVEDVI, left ventricular 
end-diastolic volume index; LVESVI, left ventricular end-systolic 
volume index.

Table 4.  Comparison of Age- and Sex-Adjusted Left  
Ventricular Volumetric Parameters at Rest  
and After Stress

Rest Stress P value

Exercise stress

    LVEF (%) 67.9±12.9 66.6±13.1 <0.001

    LVEDVI (ml/m2) 47.6±18.9 46.1±19.5 <0.001

    LVESVI (ml/m2) 16.9±16.2 17.2±17.1 　0.125

Vasodilator stress

    LVEF (%) 　63.4±13.5* 　61.0±13.5† <0.001

    LVEDVI (ml/m2) 　　51.9±19.6** 　53.8±20.2† <0.001

    LVESVI (ml/m2) 　　　21.9±16.7*** 　23.9±17.7† <0.001

On the rest images, LVEF was lower and LVESVI and LVESVI 
were higher in the vasodilator-stress group than in the exercise-
stress group (*P<0.001, **P=0.008 and ***P<0.001, respectively). 
On the stress images, LVEF was lower and LVEDVI and LVESVI 
were higher in the vasodilator-stress group than in the exercise-
stress group (†P<0.001). Values are mean ± SD.
Abbreviations see in Table 3.

Table 5.  Partial Regression Coefficients of Variables That 
Affected the Decrease in LVEF After Stress

Partial 
regression 
coefficient

95%CI P value

Age (years) –0.003 –0.020 to 0.027　　 　0.775

Sex (female) –0.393 –1.339 to 0.553　　 　0.414

Prior MI   0.540 –0.860 to 1.940　　 　0.449

Hypertension –0.153 –1.147 to 0.840　　 　0.762

Hyperlipidemia –0.209 –1.213 to 0.795　　 　0.683

Diabetes mellitus –0.402 –1.422 to 0.617　　 　0.439

Smoking –0.168 –1.447 to 1.110　　 　0.796

β-blockers   0.323 –0.744 to 1.391　　 　0.552

SSS –0.052 –0.147 to 0.044　　 　0.288

SDS –0.378 –0.147 to –0.168 <0.001

Vasodilator stress –1.198 –2.196 to –0.199 　0.019

CI, confidence interval. Other abbreviations see in Tables 1–3.
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patients with dipyridamole-stress and those with adenos-
ine-stress (∆EDVI, ∆ESVI and ∆LVEF: 2.2±1.6 ml/m2, 2.8± 
9.4 ml/m2 and −0.50±5.1% in dipyridamole-stress, and 1.6± 
4.3 ml/m2, 2.1±3.0 ml/m2 and −2.7±5.5% in adenosine-stress, 
P>0.05, respectively).

Comparisons of Stress-to-Rest Ratios of LVEDV and LVESV
Because TID has been established as a diagnostic parameter 
of stress MPI,10,12,20,22–24 we evaluated whether vasodilator-
stress affected rEDV and rESV. The patients were divided 
into 3 groups (normal myocardial perfusion, fixed defects and 

Table 6.  Comparison of Left Ventricular Volumetric Parameters at Rest and After Stress in Patients With Normal 
Myocardial Perfusion and Fixed Defects

Normal myocardial perfusion* Fixed defects**

Rest Stress P value Rest Stress P value

Exercise stress

    LVEF (%) 72.6±10.6 72.1±10.2 　0.159 58.6±14.0 58.4±15.8 　0.889

    LVEDVI (ml/m2) 42.7±11.2 41.1±12.1 <0.001 60.0±22.1 58.0±24.3 　0.008

    LVESVI (ml/m2) 12.5±8.1　　 12.4±9.4　　 　0.666 27.8±20.9 27.6±22.9 　0.735

Vasodilator stress

    LVEF (%) 71.7±13.8 69.3±13.1 <0.001 57.4±16.0 55.9±16.6 　0.039

    LVEDVI (ml/m2) 41.9±13.1 43.9±13.4 <0.001 58.2±29.8 61.8±31.1 <0.001

    LVESVI (ml/m2) 12.5±9.0　　 14.4±10.2 <0.001 28.9±28.7 31.9±31.6 　0.001

*Exercise stress (n=213), vasodilator stress (n=106); **exercise stress (n=69), vasodilator stress (n=34).
Values are mean ± SD.
Abbreviations see in Table 3.

Figure 1.    Comparison of differences between LVEDVI on stress and rest images, between LVESVI on the stress and rest im-
ages, and between LVEF on the stress and rest images, from patients with normal myocardial perfusion, fixed defects and  
reversible defects in the exercise-stress group (A–C) and in the vasodilator-stress group (D–F). The number of patients with 
normal myocardial perfusion was 213, 69 had fixed defects and 171 had reversible defects in the exercise-stress group, and 
in the vasodilator-stress group it was 106, 34 and 96, respectively. Values are mean ± SD. LVEDVI, left ventricular end-diastolic 
volume index; LVESVI, left ventricular end systolic volume index; LVEF, left ventricular ejection fraction.
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reversible defects). As shown in Figure 2, rEDV was similar 
among the groups, but rESV was slightly, but significant, 
larger in the patients with reversible defects than in those 
with fixed defects in the exercise-stress group (normal myo-
cardial perfusion, fixed defects and reversible defects: rEDV, 
0.97±0.10, 0.99±0.10 and 0.98±0.11, P=0.180; rESV, 1.02± 
0.30, 0.97±0.21 and 1.08±0.23, P=0.004; respectively). How-
ever, in the vasodilator-stress group, there were no significant 
differences in rEDV and rESV among the 3 groups (normal 
myocardial perfusion, fixed defects and reversible defects: 
rEDV, 1.04±0.10, 1.07±0.09 and 1.03±0.10, P=0.184; rESV, 
1.22±0.43, 1.11±0.18 and 1.11±0.23, P=0.052, respectively).

In patients with a small heart, rEDV and rESV tended to 
under- or over-estimation. Therefore, we excluded patients 
with ESV <20 ml on either the rest or stress image to elimi-
nate the influence of a small heart. There were also no signifi-
cant differences in either rEDV or rESV among the patients 
with normal myocardial perfusion, fixed defects and revers-
ible defects (normal myocardial perfusion, fixed defects and 
reversible defects: rEDV, 1.02±0.09, 1.06±0.09 and 1.03± 
0.09, P=0.211; rESV, 1.11±0.20, 1.12±0.16 and 1.09±0.17, 
P=0.647, respectively) in the vasodilator-stress group.

Furthermore, within the exercise-stress group, both rEDV 
and rESV significantly correlated with SDS (r=0.276, P<0.001 
and r=0.151, P=0.001, respectively), whereas the vasodilator-

stress group did not show such relations (rEDV: r=0.062, 
P=0.353; rESV: r=0.020, P=0.767, respectively).

Discussion
The present study revealed that (1) vasodilator-induced stress 
with adenosine or dipyridamole impaired LV function in pa-
tients with known or suspected CAD, (2) vasodilator-induced 
stress and SDS were independent variables that decreased 
LVEF after stress, (3) even in patients with normal myocar-
dial perfusion and fixed defects, vasodilator-induced stress 
impaired LV function, and (4) there were no differences in 
the stress-to-rest ratios of LV volumes among those with 
normal myocardial perfusion, fixed defects or reversible  
defects in the vasodilator-stress group, whereas rESV was 
larger in the patients with reversible defects than in patients 
with normal myocardial perfusion or fixed defects in the  
exercise-stress group. To our knowledge, this is the first 
study to demonstrate impairment of LV function by vaso-
dilator-induced stress in patients with and without reversible 
defects on MPI.

The post-stress LV dysfunction in QGS has been reported 
to be usually concomitant with severe and extensive myocar-
dial ischemia induced by exercise stress.8,10 Previous studies 
have shown that vasodilator-induced stress can also induce 

Figure 2.    Comparison of the stress- 
to-rest ratios of the left ventricular end-
diastolic and end-systolic volume in-
dexes (rEDV and rESV) in patients with 
normal myocardial perfusion, fixed de-
fects and reversible defects in the exer-
cise-stress group (A,B) and in the vaso-
dilator-stress group (C,D). The number 
of patients with normal myocardial per-
fusion was 213, 69 had fixed defects 
and 171 had reversible defects in the 
exercise-stress group, and in the vaso-
dilator-stress group it was 106, 34 and 
96, respectively. Values are mean ± SD.
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post-ischemic LV dysfunction and TID.12,20,22,25,26 The pres-
ent study demonstrated that LV function was impaired after 
vasodilator-induced stress, as well as after exercise stress 
(Table 3). Because the study population included patients with 
reversible perfusion defects, the transient LV dysfunction and 
TID could be ascribed to severe myocardial ischemia during 
vasodilator-induced stress. Because it is well known that 
vasodilator-induced stress is less likely to produce myocar-
dial ischemia than exercise stress, we examined the variables 
responsible for the decrease in LVEF after stress by using 
multiple linear regression analyses, and only vasodilator-
induced stress and SDS were independent variables (Table 5). 
A previous study also described vasodilator-induced stress as 
an independent variable influencing LVEF in patients with 
normal myocardial perfusion.16 Furthermore, the present 
study demonstrated that both the increases in LV volumes 
and decrease in LVEF occurred after vasodilator-induced 
stress, even in patients with normal myocardial perfusion 
and with fixed defects (Table 6).

Although the mechanisms by which vasodilator-induced 
stress impairs LV function remain unclear, several hypotheses 
are proposed. First, when exogenous adenosine is adminis-
trated or endogenous adenosine is produced by dipyridamole 
infusion, the binding of adenosine to an A1 adenosine recep-
tor has an anti-adrenergic effect that leads to a reduction in 
myocardial contractility.27,28 The anti-adrenergic effect of 
adenosine is caused by inhibition of adenylate cyclase medi-
ated via a pertussis toxin-sensitive G protein,27,29 thereby 
altering membrane currents, excitation-contraction coupling 
and mitochondrial metabolism.27,30,31 Second, vasodilator-
induced stress might cause a relative or absolute decrease in 
subendocardial blood flow.32 Finally, a reduction in systemic 
blood pressure by vasodilator-induced stress increased heart 
rate and decreased LV volume loading. The increase in heart 
rate might have affected LV function, although we did not 
investigate the changes in heart rate during image acqui-
sition. However, because the half-life of adenosine in blood 
or in the interstitial spaces is within a few seconds,33 it is 
unlikely that the direct effects of adenosine remained 30 min 
after the administration of adenosine or dipyridamole. Fur-
thermore, in the present study, the impairment of LV function 
in patients with dipyridamole-induced stress was similar to 
that with adenosine-induced stress in which a faster vaso-
dilator effect was expected. We therefore consider that  
modulation of the downstream signals of adenosine receptors 
is most likely for the LV dysfunction observed with vaso-
dilator-induced stress.27,30,31

In clinical practice, rEDV and rESV, which can be auto-
matically measured, are used as indicators of TID and post-
ischemic LV dysfunction. Actually, in the present exercise-
stress group, rESV was larger in patients with reversible 
defects than in those with normal myocardial perfusion and 
fixed defects. However, in the vasodilator-stress group, there 
were no differences in rEDV or rESV among the 3 groups. 
The reason for this lack of difference was unclear. How-
ever, some possible explanations are suggested. As shown in 
Figure 1, the ∆LVESVI was larger in patients with reversible 
defects than in patients with normal myocardial perfusion in 
the exercise-stress group; however, there were no differences 
in ∆LVESVI among the 3 groups in the vasodilator-stress 
group. The LVEDVI was also increased after stress in the 
vasodilator-stress group. These results suggest that not only 
the post stress contractile dysfunction, caused by the modu-
lation of the downstream signals of adenosine receptors, but 
also a relative or absolute decrease in subendocardial blood 

flow might relate to the lack of difference in rEDV and rESV 
among the 3 groups in the vasodilator-stress group.

The present study results suggest that the interpretation of 
TID and post-ischemic LV dysfunction should be made care-
fully when vasodilator-induced stress is used to detect severe 
and extensive CAD.

Study Limitations
A major study limitation was the underestimation of LV  
volume in patients with small hearts (especially in women). 
When a small heart was defined as ESV <20 ml, the percent-
age reached 74% for women,34 and in our study population 
37.5% of the patients were defined as having a small heart. 
In those patients, therefore, the LV volumes and LVEF ob-
tained by QGS were less accurate.35 Furthermore, our study 
failed to provide regional wall motion analysis or correlation 
with coronary anatomy, as well as any subsequent coronary 
events. Finally, in our study population, there were a few 
patients with severe and extensive CAD (Table 2), a popula-
tion bias that might affect the rEDV and rESV.

In conclusion, vasodilator-induced stress impaired LV func-
tion in patients with and without reversible defects, whereas 
exercise stress did so only in patients with reversible defects. 
Although the time course of the changes in LV function after 
vasodilator-induced stress remains to be investigated further, 
the present findings suggest that vasodilator-induced stress 
might itself impair LV function, and caution must be paid to 
he interpretation of TID and post-ischemic LV dysfunction 
when vasodilator-induced stress is used.

References
  1.	 Berman DS, Hachamovitch R, Kiat H, Cohen I, Cabico JA, Wang 

FP, et al. Incremental value of prognostic testing in patients with 
known or suspected ischemic heart disease: A basis for optimal 
utilization of exercise technetium-99m sestamibi myocardial per-
fusion single-photon emission computed tomography. J Am Coll 
Cardiol 1995; 26: 639 – 647.

  2.	 Hachamovitch R, Berman DS, Shaw LJ, Kiat H, Cohen I, Cabico 
JA, et al. Incremental prognostic value of myocardial perfusion 
single photon emission computed tomography for the prediction of 
cardiac death: Differential stratification for risk of cardiac death 
and myocardial infarction. Circulation 1998; 97: 535 – 543.

  3.	 Hashimoto A, Nakata T, Wakabayashi T, Kusuoka H, Nishimura T. 
Incremental prognostic value of stress/rest gated perfusion SPECT in 
patients with coronary artery disease: Subanalysis of the J-ACCESS 
study. Circ J 2009; 73: 2288 – 2293.

  4.	 Matsuo S, Nakajima K, Horie M, Nakae I, Nishimura T. Prognostic 
value of normal stress myocardial perfusion imaging in Japanese 
population. Circ J 2008; 72: 611 – 617.

  5.	 Sharir T, Germano G, Kang X, Lewin HC, Miranda R, Cohen I, et 
al. Prediction of myocardial infarction versus cardiac death by gated 
myocardial perfusion SPECT: Risk stratification by the amount of 
stress-induced ischemia and the poststress ejection fraction. J Nucl 
Med 2001; 42: 831 – 837.

  6.	 Germano G, Kiat H, Kavanagh PB, Moriel M, Mazzanti M, Su HT, 
et al. Automatic quantification of ejection fraction from gated myo-
cardial perfusion SPECT. J Nucl Med 1995; 36: 2138 – 2147.

  7.	 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.

  8.	 Johnson LL, Verdesca SA, Aude WY, Xavier RC, Nott LT,  
Campanella MW, et al. Postischemic stunning can affect left ven-
tricular ejection fraction and regional wall motion on post-stress 
gated sestamibi tomograms. J Am Coll Cardiol 1997; 30: 1641 –  
1648.

  9.	 Paul AK, Hasegawa S, Yoshioka J, Mu X, Maruyama K, Kusuoka 
H, et al. Characteristics of regional myocardial stunning after exer-
cise in gated myocardial SPECT. J Nucl Cardiol 2002; 9: 388 – 394.

10.	 Mazzanti M, Germano G, Kiat H, Kavanagh PB, Alexanderson E, 
Friedman JD, et al. Identification of severe and extensive coro-



Circulation Journal  Vol.74,  December  2010

2673Vasodilator Stress and LV Dysfunction

nary 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.

11.	 Sharir T, Germano G, Kavanagh PB, Lai S, Cohen I, Lewin HC, 
et al. Incremental prognostic value of post-stress left ventricular 
ejection fraction and volume by gated myocardial perfusion single 
photon emission computed tomography. Circulation 1999; 100: 
1035 – 1042.

12.	 Abidov A, Bax JJ, Hayes SW, Cohen I, Nishina H, Yoda S, et al. 
Integration of automatically measured transient ischemic dilation 
ratio into interpretation of adenosine stress myocardial perfusion 
SPECT for detection of severe and extensive CAD. J Nucl Med 
2004; 45: 1999 – 2007.

13.	 Abidov A, Germano G, Berman DS. Transient ischemic dilation 
ratio: A universal high-risk diagnostic marker in myocardial perfu-
sion imaging. J Nucl Cardiol 2007; 14: 497 – 500.

14.	 Abidov A, Bax JJ, Hayes SW, Hachamovitch R, Cohen I, Gerlach J, 
et al. Transient ischemic dilation ratio of the left ventricle is a sig-
nificant predictor of future cardiac events in patients with otherwise 
normal myocardial perfusion SPECT. J Am Coll Cardiol 2003; 42: 
1818 – 1825.

15.	 Ohtaki Y, Chikamori T, Igarashi Y, Hida S, Tanaka H, Hatano T, 
et al. Differential effects comparing exercise and pharmacologic 
stress on left ventricular function using gated Tc-99m sestamibi 
SPECT. Ann Nucl Med 2008; 22: 185 – 190.

16.	 Brinkman N, Dibbets-Schneider P, Scholte AJ, Stokkel MP. Myo-
cardial perfusion scintigraphy with adenosine: Does it impair the 
left ventricular ejection fraction obtained with gated SPECT? Clin 
Nucl Med 2008; 33: 89 – 93.

17.	 Hachamovitch R, Berman DS, Kiat H, Cohen I, Cabico JA,  
Friedman J, et al. Exercise myocardial perfusion SPECT in patients 
without known coronary artery disease: Incremental prognostic value 
and use in risk stratification. Circulation 1996; 93: 905 – 914.

18.	 Heo J, Kegel J, Iskandrian AS, Cave V, Iskandrian BB. Comparison 
of same-day protocols using technetium-99m-sestamibi myocardial 
imaging. J Nucl Med 1992; 33: 186 – 191.

19.	 Fletcher GF, Balady GJ, Amsterdam EA, Chaitman B, Eckel R, 
Fleg J, et al. Exercise standards for testing and training: A statement 
for healthcare professionals from the American Heart Association. 
Circulation 2001; 104: 1694 – 1740.

20.	 Hung GU, Lee KW, Chen CP, Lin WY, Yang KT. Relationship of 
transient ischemic dilation in dipyridamole myocardial perfusion 
imaging and stress-induced changes of functional parameters evalu-
ated by Tl-201 gated SPECT. J Nucl Cardiol 2005; 12: 268 – 275.

21.	 Berman DS, Abidov A, Kang X, Hayes SW, Friedman JD,  
Sciammarella MG, et al. Prognostic validation of a 17-segment 
score derived from a 20-segment score for myocardial perfusion 
SPECT interpretation. J Nucl Cardiol 2004; 11: 414 – 423.

22.	 Kakhki VR, Sadeghi R, Zakavi SR. Assessment of transient left 
ventricular dilation ratio via 2-day dipyridamole Tc-99m sestamibi 
nongated myocardial perfusion imaging. J Nucl Cardiol 2007; 14: 
529 – 536.

23.	 Heston TF, Sigg DM. Quantifying transient ischemic dilation using 
gated SPECT. J Nucl Med 2005; 46: 1990 – 1996.

24.	 Abidov A, Berman DS. Transient ischemic dilation associated with 
poststress myocardial stunning of the left ventricle in vasodilator 
stress myocardial perfusion SPECT: True marker of severe isch-
emia? J Nucl Cardiol 2005; 12: 258 – 260.

25.	 Druz RS, Akinboboye OA, Grimson R, Nichols KJ, Reichek N. 
Postischemic stunning after adenosine vasodilator stress. J Nucl 
Cardiol 2004; 11: 534 – 541.

26.	 Chun KA, Cho IH. Adenosine-induced long-standing postischemic 
left ventricular dysfunction evaluated with gated SPECT. Clin Nucl 
Med 2005; 30: 18 – 22.

27.	 Mubagwa K, Mullane K, Flameng W. Role of adenosine in the heart 
and circulation. Cardiovasc Res 1996; 32: 797 – 813.

28.	 Shryock JC, Belardinelli L. Adenosine and adenosine receptors in 
the cardiovascular system: Biochemistry, physiology, and pharma-
cology. Am J Cardiol 1997; 79: 2 – 10.

29.	 Sato A, Terata K, Miura H, Toyama K, Loberiza FR Jr, Hatoum 
OA, et al Mechanism of vasodilation to adenosine in coronary arte-
rioles from patients with heart disease. Am J Physiol Heart Circ 
Physiol 2005; 288: H1633 – H1640.

30.	 Nagasaka S, Katoh H, Niu CF, Matsui S, Urushida T, Satoh H, et 
al. Protein kinase A catalytic subunit alters cardiac mitochondrial 
redox state and membrane potential via the formation of reactive 
oxygen species. Circ J 2007; 71: 429 – 436.

31.	 Dobson Jr JG, Shea LG, Fenton RA. Adenosine A2A and β-adren-
ergic calcium transient and contractile responses in rat ventricular 
myocytes. Am J Physiol Heart Circ Physiol 2008; 295: H2364 –  
H2372.

32.	 Iskandrian AE, Heo J. Myocardial perfusion imaging during ade-
nosine-induced coronary hyperemia. Am J Cardiol 1997; 79: 20 –  
24.

33.	 Moser GH, Schrader J, Deussen A. Turnover of adenosine in plasma 
of human and dog blood. Am J Physiol 1989; 256: C799 – C806.

34.	 Nakajima K, Kusuoka H, Nishimura S, Yamashina A, Nishimura 
T. Normal limits of ejection fraction and volumes determined by 
gated SPECT in clinically normal patients without cardiac events: 
A study based on the J-ACCESS database. Eur J Nucl Med Mol 
Imaging 2007; 34: 1088 – 1096.

35.	 Nakajima K, Taki J, Higuchi T, Kawano M, Taniguchi M,  
Maruhashi K, et al. Gated SPET quantification of small hearts: 
Mathematical simulation and clinical application. Eur J Nucl Med 
2000; 27: 1372 – 1379.


