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Abstract

Background : Postischemic myocardial stunning as assessed by gated single-photon emission computed
tomography (SPECT) has been criticized for being a perfusion-associated artifact caused by false endocardial
tracking. We hypothesized that if severe perfusion defects all cause false wall motion abnormality, they should
be observed regardless of the underlying mechanisms of perfusion abnormality.

Methods and Results : We evaluated 132 patients with stress-induced perfusion defects of moderate sever-
ity or more after exercise (#=84) or adenosine triphosphate disodium (ATP) stress (n=48) were evaluated using
gated " Tc-sestamibi SPECT. Summed stress and difference scores were similar in the 2 groups. However, the
overall incidence of post-stress stunning was 54% in the exercise group, but only 19% in the ATP group
(p<0.0001).
the prevalence of post-stress stunning was 77% in patients with >99% coronary stenosis, 67% in those with 90%

Furthermore, based on the severity of coronary artery stenosis in 43 patients with 1-vessel disease,

stenosis, and 29% in those with 75% stenosis after exercise stress, whereas it was 57% in those with >99% steno-
sis, 17% in those with 90% stenosis, and 0% in those with 75% stenosis after ATP stress (»=0.003).

Conclusion : The predominant mechanism of post-stress wall motion abnormality observed by gated SPECT
was thought to be severe myocardial ischemia, but not a perfusion-associated artifact. Thus, this scintigraphic

finding was regarded as actual myocardial stunning.

Introduction

Although stress-induced left ventricular (LV) wall
motion abnormalities usually disappear rapidly once
myocardial ischemia is eliminated, there are a few cases
in which LV wall motion abnormalities remain, even >
30 minutes after elimination of the ischemia; myo-
cardial stunning being the apparent mechanism in such
cases'¥. Using technetium-99m sestamibi, which
rarely redistributes”, it is possible to assess myocardial
ischemia during stress and LV wall motion and function
at least 30 minutes after stress using electrocardiogram-
gated single photon emission computed tomography

(SPECT)®”.  Although previous studies have reported
that post-stress myocardial stunning as assessed by gated
SPECT is an important marker of severe coronary artery
disease (CAD)*®, these studies applied various protocols
involving different radiotracers such as *"Tc sestamibi,
21T] or dual isotopes, and employed different stress
methods, either with exercise or pharmacologic load-
ing®'®.  The occurrence of post-ischemic stunning was
also reported to show a wide range from 13% to
46%Y9MD1 - As a result, this important scintigraphic
finding is criticized as being a perfusion-associated arti-
fact”'”.  We hypothesized that if severe transient perfu-
sion defects unanimously cause false wall motion abnor-
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mality, they should be observed regardless of the
underlying mechanisms of perfusion abnormal-
ity. However, if the occurrence of post-stress LV wall
motion abnormality differs according to the method of
stress, not only the severity of perfusion abnormality but
also the physiological consequences caused by stress
should be taken into consideration as the etiology for this
phenomenon. Thus, the aim of this study was to exam-
ine post-stress wall motion abnormality using gated
SPECT in patients with severe myocardial perfusion
defects, comparing exercise and pharmacologic vasodila-
tion with adenosine triphosphate disodium (ATP) ; the
latter usually induces maldistribution of blood flow, but
not actual ischemia.

Methods

Subjects

Between January 2003 and December 2007, 1697 con-
secutive patients with suspected or known CAD under-
went gated *"Tc-sestamibi SPECT after stress and at
rest. Patients with angiographically documented CAD
or previous coronary angioplasty were considered to
have known coronary artery disease, while those with
clinical risk profiles, symptoms or electrocardiographic
abnormalities were considered as having suspected
CAD. Among these 1697 patients, 340 patients were
retrospectively identified because they underwent coro-
nary angiography within 3 months of the SPECT
study. Patients with previous myocardial infarction or
those with coronary artery bypass grafts were excluded
from this study. In addition, patients in whom automati-
cally derived LV volumes could not be measured were
also excluded. Based on these criteria, 163 patients
were excluded : 80 with previous myocardial infarction,
23 with coronary artery bypass grafts, 39 with unsuccess-
ful gated SPECT study due to atrial fibrillation or fre-
quent extrasystoles, and 21 patients in whom automati-
cally derived LV volumes could not be measured due to
severe perfusion defects or marked tracer uptake in the
liver or gallbladder. Among the remaining 177 patients,
132 patients were included in this study because they
showed stress-induced perfusion defects of moderate
severity or more, as described previously'®. There were
121 men and 11 women, with a mean age of 64+10
years. Concerning the presence of risk factors for CAD,
97 patients (74%) had hypertension, 86 (66%) had hyper-
cholesterolemia and 65 (50%) had diabetes mellitus. At
presentation, all patients provided informed consent for
the anonymous publication of scientific data. In 2008,
formal ethics committee approval was not applicable for
this observational study involving only routinely
performed work-up procedures in Japan. Furthermore,
written informed consent for invasive coronary angiogra-
phy was obtained from all participants.
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Stress technetium-99m sestamibi SPECT

In 84 patients, exercise myocardial perfusion imaging
with *"Te-sestamibi was performed using the 1-day pro-
tocol'.
bicycle ergometer was performed?®.

Symptom-limited multi-step exercise using a
P Te-sestamibi
(259 MBq) was administered when submaximal heart
rate, chest pain, ST-segment depression of >0.1 mV, or
leg fatigue developed. Exercise was then continued for
1 minute at the same level as before. In the remaining
48 patients, ATP (0.16 mg/kg/min) was administered
intravenously for 6 minutes®, and 3 minutes later, **Tc-
sestamibi (259 MBq) was given intravenously. In both
protocols, electrocardiogram-gated SPECT was acquired
30 minutes after stress®. Four hours later, the patients
were given ""Tc-sestamibi (777 MBq) while at rest.
Thirty minutes after that, electrocardiogram-gated
SPECT image acquisition was started.

Data was acquired with a 3-detector gamma camera
(Prism 3000XP, Picker, Cleveland, OH) over a 360-
degree arc (in 20 six-degree-wide directions, for 30 sec-
onds/direction). A low-energy high-resolution parallel
multi-hole collimator was used, with a maximum matrix
size of 64x64. When obtaining electrocardiogram-
gated images, the R-R interval was divided by the
R-wave trigger into 8 equal portions. End-diastolic and
All of the
patients were in sinus rhythm during image acquisi-
tion. SPECT images were reconstructed from the data
using a data Odyssey VP processor (Picker) combined
with a Butterworth filter (order 8 ; cutoff frequency 0.25
cycles/cm) and a ramp filter?).

According to a previously reported method?”, each
SPECT image was scored using a 20-segment model.
The accumulation of the radioisotope in the myocardium
was visually evaluated by 2 cardiologists, without any
knowledge of patient information, using a 5-point scor-
ing system : 0 (normal), 1 (slight reduction of uptake), 2
(moderate reduction of uptake), 3 (severe reduction of
uptake) or 4 (absence of radioactive uptake). Disagree-
ments in image interpretation were resolved by consen-
sus. The total of the scores for all of the segments, dur-
ing exercise and at rest, was designated as the summed
stress score (SSS) and the summed rest score (SRS),
respectively. The sum of the differences between the
SSS and SRS was defined as the summed difference
score (SDS) to assess the overall extent and severity of
stress-induced myocardial ischemia®?.

Each reconstructed short-axis gated SPECT image was
processed by a quantitative gated SPECT program devel-
oped by Germano et al (Cedars-Sinai Medical Center,
Los Angeles, CA), to calculate the LV end-diastolic vol-
ume, LV end-systolic volume and LV ejection fraction®.
In addition, changes in LV volumes with stress were cal-
culated as LV end-diastolic volume after stress minus LV

end-systolic images were thus obtained.

(2)



Oct., 2011

end-diastolic volume at rest, or LV end-systolic volume
after stress minus LV end-systolic volume at rest.

The simultaneously obtained 3-dimensional electro-
cardiogram-gated images of the LV myocardium (the
end-diastolic peripheral image of the LV tunica intima
overlapped the end-systolic image), were displayed in 2
directions.
right anterior oblique 30-degree left ventriculography,
the other to the left anterior oblique 60-degree imag-
ing. For the images thus obtained, the periphery of the
LV tunica intima was divided into 7 areas, according to

One approximately corresponded to the

the American Heart Association’s classification of left
ventriculograms®’.  Five areas (anterobasal, anterior,
apical, inferior and inferobasal) were derived in the right
anterior oblique view, and 2 areas (septal and posterolat-
eral) in the left anterior oblique view (Fig. 1). The
regional wall motion of each area was visually rated by 2
cardiologists, who were blinded to patient information,
with a 4-point scoring system : 0 (normal), 1 (mild
hypokinesis), 2 (moderate to severe hypokinesis), 3 (aki-
nesis or dyskinesis). The global wall motion score was
calculated by totaling the regional wall motion scores for
all 7 areas.
with stress, defined as a wall motion difference score
(WMDS), were obtained by subtracting the wall motion
score at rest from the score >30 minutes after stress. We
defined a definite stress-induced wall motion change as a
WMDS >3 documented after stress”. When this stress-

The changes in global wall motion score

4

RAO View LAO View
Fig. 1 Assignment of left ventricular (LV) regional wall motion
for scoring of quantitative gated SPECT images. The
periphery of the LV tunica intima was divided into 7 areas
according to the American Heart Association’s classifica-
Four areas (anterobasal,
anterior, apical, and septal) corresponded to the areas per-

tion of left ventriculograms.

fused by the left anterior descending coronary artery.
Two areas (inferior and inferobasal) corresponded to the
areas perfused by the right coronary artery, and the pos-
terolateral area corresponded to the areas perfused by the
left circumflex coronary artery. A 4-point scoring system
graded wall motion on each segment, where 0 represented
normal, 1 represented mild hypokinesia, 2 represented
moderate to severe hypokinesia, 3 represented akinesia or
LAO, left anterior oblique ; RAO, right
anterior oblique.

dyskinesia.
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induced wall motion change was observed >30 minutes
after stress, the development of myocardial stunning was
considered””. This definition of myocardial stunning
indicates that in patients with a culprit LAD stenosis for
example, exercise-induced apical moderate hypokinesis
and anterior mild hypokinesis resolve completely at
rest. More severe and extensive exercise-induced wall
motion abnormalities were also included, but milder
abnormalities were not considered to be myocardial stun-
ning.

Coronary angiography

All of the patients underwent coronary angiography
within 3 months of gated SPECT. Multi-directional
coronary angiography was performed according to the
Judkins method. Angiographic diameter narrowing of
>50% was considered to represent significant stenosis, in
accordance with the American Heart Association’s classi-
fication®.

Statistical analysis

Results are presented as mean values+SD, or percent-
ages. Student’s unpaired 7-test and the Mann-Whitney
U-test was used to compare the means of the continuous
variables, and contingency tables were analyzed using a
chi-square test. Spearman’s correlation coefficient was
used to estimate the correlation between SDS and
WMDS. A general linear model was used to demon-
strate that the exercise and ATP groups were indepen-
dently related to the prevalence of myocardial stunning
in patients with 1-vessel CAD. A p value of <0.05 was
considered to indicate a statistically significant
difference.
PC+ computer program (version 11.0, SPSS Inc., Chi-
cago, IL).

Analyses were performed using the SPSS-

Results

Clinical characteristics of patients

Prolonged LV wall motion abnormalities >30 minutes
after the cessation of exercise or ATP stress, which was
defined as post-stress myocardial stunning, were
observed in 54 patients (41%). Clinical and angio-
graphic characteristics of 132 patients were compared
based on the stress methods used during the SPECT
study, and these data were similar in those who under-
went exercise or ATP stress SPECT (Table 1). In 43
patients with [-vessel CAD, >99% coronary stenosis was
found in 13 (50%) patients, 90% stenosis in 6 (23%) and
75% stenosis in 7 (27%) after exercise stress, whereas
>99% coronary stenosis was found in 7 (41%) patients,
90% stenosis in 6 (35%) and 75% stenosis in 4 (24%)
after ATP stress (p=0.837).

Findings of perfusion and volumetric analyses

Among 84 patients who underwent exercise stress, sig-
nificant ST-segment depression on electrocardiography
was observed in 51 cases (61%), whereas ST-segment
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Table 1 Clinical characteristics of 132 patients
Exercise stress ATP stress
(n=84) (n=48) p Value

Age (years) 63+ 10 65+ 10 0.323
Gender (male/female) 79/5 42/6 0.236
Height (cm) 165+ 6 163 +8 0.245
Body weight (kg) 67+ 11 65+ 10 0.316
Body mass index 245429 243+2.6 0.657
Coronary risk factors

Hypertension 58 (70%) 39 (81%) 0.139

Dyslipidemia 58 (70%) 28 (58%) 0.193

Diabetes mellitus 36 (43%) 29 (60%) 0.061

Smoking 35 (42%) 26 (54%) 0.208
Angiographic findings 0.781

Insignificant lesion 7 (8%) 4 (8%)

1-vessel disease 26 (31%) 17 (36%)

2-vessel disease 28 (33%) 14 (29%)

3-vessel disease 23 (28%) 13 (27%)

ATP, adenosine triphosphate.

depression was observed in only 1 of the 48 patients
undergoing ATP stress. The averages of SSS, SRS and
SDS in all patients were 14.7+£5.9 (range 9 to 33),
6.6+4.1 (range 0 to 23) and 8.1+4.2 (range 0 to 24),
respectively.  No significant differences between the 2
groups were observed in SSS, SRS and SDS. The
changes in global wall motion scores with stress, defined
as a WMDS, were greater in the exercise than in the ATP
group (2.5+1.8 vs 1.4%1.2; p<0.0001). Post-stress
myocardial stunning was observed in 45 patients (54%)
in the exercise group, but only in 9 patients (19%) in the
ATP group (p<0.0001) (Table 2).

In volumetric and functional analyses, LV end-dia-
stolic volume, LV end-systolic volume and LV ejection
fraction were similar in the exercise and ATP groups,
both at rest and after stress (Table 2). When comparing
the change in LV function with stress (stress - rest), LV
end-diastolic volume was greater in the ATP than the
exercise stress group, while LV end-systolic volume and
LV ejection fraction were similar (Table 2).

The relation between myocardial stunning and

severity of coronary artery stenosis

In the exercise group, both the SSS (+=0.32, p=0.005)
and SDS (r=0.40, p<0.0001) correlated significantly with
the WMDS. In the ATP group, however, no significant
correlation was observed between the WMDS and SSS
(r=—0.01, p=0.952), or SDS (r=0.21, p=0.157) (Fig. 2).

Based on the severity of coronary artery stenosis in 43
patients with 1-vessel CAD, the SSS values were similar
in the 299% coronary stenosis group (18.5+8.0 vs.
18.0+£5.9 ; p=0.895), in the 90% stenosis group (12.8+
3.5 vs. 12.7£3.3 ; p=0.934) and in the 75% stenosis

(

group (10.9+2.4 vs. 11.5£3.1; p=0.709) (Fig. 3).
Among this particular group of patients, the prevalence
of post-stress stunning was 10 of 13 (77%) patients with
>99% coronary stenosis, 4 of 6 (67%) with 90% stenosis,
and 2 of 7 (29%) with 75% stenosis after exercise stress,
whereas it was 4 of 7 (57%) with >99% stenosis, 1 of 6
(17%) with 90% stenosis, and 0 of 4 (0%) with 75% ste-
nosis after ATP stress (p=0.03) (Fig. 4).

Discussion

Although post-stress LV wall motion abnormality as
assessed by gated SPECT, also known as post-ischemic
myocardial stunning, has been regarded an important
marker of severe CAD, the mechanism of this phenome-
non is controversial®'”.  Previous studies reported that
inaccurate endocardial tracking using gated SPECT in
perfusion defects of moderate severity or more resulted
in false wall motion abnormality'®'”. If stress-induced
perfusion defects disappear at rest, the aforementioned
false wall motion abnormality induced by stress will nor-
malize because of accurate tracking in the area of normal
perfusion. Based on these observations, post-ischemic
LV wall motion abnormality was believed to not be true
myocardial stunning'®"”.

In an attempt to evaluate the mechanism of post-isch-
emic LV wall motion abnormality as assessed by gated
SPECT, scintigraphic and angiographic findings in 132
CAD patients with stress-induced perfusion defects of
moderate severity or more (an average SSS of 14.7 ;
range 9 to 33) were compared based on the method of
stress utilized, either exercise or ATP. In contrast to
exercise stress, which causes demand ischemia physio-

4)
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Table 2 Comparison of scintigraphic findings between exercise and ATP SPECT
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Exercise stress ATP stress
(n=84) (n=48) p Value

Peak heart rate achieved (beats/min) 129+ 17 —
ST-segment depression 51(61%) 1 (2%) <0.0001
Summed scores

Summed stress score 14.4+58 152+6.0 0.452

Summed rest score 6.6 4.3 6.6 3.6 0.968

Summed difference score 7.8+3.8 8.6 4.8 0.307
LV function at rest

LV end-diastolic volume (ml) 101 +32 103 + 46 0.715

LV end-systolic volume (ml) 44 + 25 48 + 34 0.477

LV ejection fraction (%) 58+9 57+13 0.605
LV function after stress

LV end-diastolic volume (ml) 103 =33 111 +48 0.293

LV end-systolic volume (ml) 49 +£27 56 +34 0.238

LV ejection fraction (%) 54+ 10 52+ 11 0.286
Changes in LV function with stress (stress-rest)

LV end-diastolic volume (ml) 2.0+99 7.5+9.7 0.002

LV end-systolic volume (ml) 5.1+8.8 7.8+ 7.6 0.073

LV ejection fraction (%) —4.0+5.2 49452 0.376
Wall motion difference score 25+ 1.8 14+1.2 <0.0001
Post-stress myocardial stunning™ 45 (54%) 9 (19%) <0.0001

*Post-stress myocardial stunning was defined if a wall motion difference score of > 3 was documented after stress.

ATP, adenosine triphosphate; LV, left ventricular.

@ r=0.32 p = 0.005 (c)
v R v
g 30 . Z
iz; ) - %
SRR
T . . s : . =
g e * & % e * t - =
S - 8 3 & & - . g
0
2 0 2 4 6 s

Wall motion difference score

(b) (@)

-¥] 25 [-¥]
= =040 p = 0.0001 =
1= (=]
it . g
g . : g
P 15 . - =
R B T <
= s + = & e H =
g 5 s 2 0« 2 0 * g
@ 0 8 5 - °* 7
-2 0 2 4 o 8

‘Wall motion difference score

Fig. 2 Relationship between the severity of perfusion abnormalities and wall motion difference score.

40 r=-0.01 p=10.952
30 *
s § 0 & 3
10 - 4 ‘ - ]
(]
2 0 2 4 6 8
‘Wall motion difference score
25 -
r=1021p=0157
20
15 - - - -
10 . & * .
- I
0
2 0 2 4 [} b

Wall motion difference score

Correlation between the wall

motion difference score and summed stress score (a), and summed difference score (b) in the exercise stress group. Correlation

between the wall motion difference score and summed stress score (¢), and summed difference score (d) in the ATP stress group.

(5)



— 494 —

O Exercise e ATP
p=0.709 p=10.934 p=0.895
3517 1 1 M1
Q
30 1 o .
et
) o
a
7 25
W
)
=
';‘:: 20 g s° 2N
2 o e
= [o] & & o]
2 15 o )
% = L. S .
1=83= g3 °
10 g e g 2 g
s 1 1
75% 90% >99%

Severity of stenosis
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Fig. 4 Prevalence of post-stress myocardial stunning according
to the severity of coronary stenosis in 43 patients with
1-vessel CAD.

logically, pharmacologic vasodilation with ATP usually
induces maldistribution of blood flow, but not actual
ischemia®?®. The extent and severity of perfusion
defects were similar between those who underwent exer-
cise and ATP stress SPECT in the present study. In this
group of patients, post-stress LV wall motion abnormal-
ity was observed in 54% of the patients after exercise

stress, whereas it was found only in 19% of the patients
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after ATP stress. Furthermore, based on the severity of
coronary artery stenosis in 43 patients with 1-vessel
CAD, the prevalence of post-stress LV wall motion
abnormality was 77% in those patients with >99% coro-
nary stenosis, 67% in those with 90% stenosis, and 29%
in those with 75% stenosis after exercise stress, whereas
it was 57% in those with >99% stenosis, 17% in those
with 90% stenosis, and 0% in those with 75% stenosis
after ATP stress. If inaccurate endocardial tracking of
severe transient perfusion defects is the primary cause of
917 "it should occur depending
on the severity of perfusion defects, regardless of the

wall motion abnormalities

underlying mechanisms of perfusion abnormality.
However, the current study demonstrated that the occur-
rence of post-stress LV wall motion abnormality differed
according to the method of stress and the grade of coro-
nary artery stenosis, despite similar severities in perfu-
sion defects after exercise and ATP stress. Therefore,
not only the severity of perfusion abnormality, but also
the physiological consequences caused by stress, particu-
larly demand ischemia, should be taken into consider-
ation as being worked in the etiology of this phenome-
non.

To calculate LV volume using the quantitative gated
SPECT method developed by Germano, extracting the
midmyocardial surface of the LV is the first step, and
then, the endocardial and epicardial surfaces, based on
asymmetric Gaussian fitting of the count profile across
the midmyocardial surface are determined”?”. If
severe perfusion defects are present, the computer-
assisted method may fail to automatically calculate LV
volume, and therefore manual endocardial tracking,
which depends on visual interpretation by an operator, is
required. In the present study, we excluded patients in
whom automatically derived LV volumes could not be
measured due to severe perfusion defects. Thus, inac-
curate endocardial tracking due to human error may be
negligible in this group of patients, although the results
of our study were limited to patients with stress-induced
perfusion defects of moderate severity or more, which
enabled automatic measurements of LV volume.

In patients with perfusion defects of moderate severity
or more, the underlining CAD is usually multi-vessel
involvement™*”, as was observed in this study, whereby
67% of patients had multi-vessel CAD. In this setting,
the association between the severity of corresponding
coronary stenosis and the extent of perfusion defects was
difficult to ascertain. By contrast, in patients with CAD
limited to a single coronary artery, the relation between
the severity of coronary stenosis with the extent of perfu-
sion defects and the occurrence of post-ischemic stun-
ning is clear. In the present study, 43 patients (33%)
had I-vessel CAD. Of these, exercise stress SPECT
was performed in 26 patients and ATP stress in 17. The
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extent of perfusion defects in each grade of coronary
artery stenosis was similar in patients who underwent
exercise stress and those who underwent ATP stress
(Fig. 3). In this group of patients, the incidence of post-
ischemic myocardial stunning was higher after exercise
than after ATP stress (Fig. 4). Furthermore, a significant
positive relationship between the severity of coronary
artery stenosis and the occurrence of myocardial stunning
was observed after exercise stress, whereas the incidence
of myocardial stunning was rare in patients with 75% or
90% coronary stenosis after ATP stress. However, the
fact that a considerable number of patients with 99% ste-
nosis developed myocardial stunning even after ATP
loading indicated that myocardial ischemia may be pro-
voked with ATP through collateral steal®”®. These
findings underscore the importance of exercise-induced
myocardial ischemia in the etiology of post-stress myo-
cardial stunning as assessed by gated SPECT"*®,

In the present study, we also examined the degree to
which global cardiac function was affected by exercise or
ATP stress. Although stress-induced LV wall motion
abnormality occurred more frequently after exercise,
changes in LV ejection fraction with ATP stress were
similar. Changes in LV end-diastolic volume were even
greater after ATP loading than after exercise stress.
These observations may be explained not only by the
inclusion of patients without transient LV wall motion
abnormalities in each group, but also by the greater volu-
metric increase induced by ATP, compared with exer-
cise®”. In the detection of post-stress LV wall motion
abnormality using electrocardiogram-gated SPECT,
therefore, the evaluation of LV segmental wall motion
applied in this study may be more sensitive and impor-
tant, compared with the assessment of global cardiac
function, and should be fully utilized to detect post-isch-
emic myocardial stunning.

Study limitations

The present study has several limitations that are com-
mon to any study relying on retrospective data collec-
tion. Although patient characteristics and the extent of
perfusion defects on myocardial SPECT were similar
between patients with exercise and ATP stress, an uniden-
tified confounder was likely to exist.
appropriate to evaluate, at least, the effects of perfusion
defects induced either by exercise or by APT stress, on
the occurrence of transient LV wall motion abnormality
with this study design. Therefore, the reliability of the
conclusions reached on the basis of these data seems suf-
ficient, although a prospective study is necessary.

However, it seems

Conclusions

The predominant mechanism of post-stress wall
motion abnormality observed by gated SPECT was
thought to be severe myocardial ischemia, but not a per-
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fusion-associated artifact.
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Thus, this scintigraphic find-

ing was regarded as actual myocardial stunning.

2)

3)

4)

3)

6)

7

8)

9)

10)

(7)

References

Ambrosio G, Betocchi S, Pace L, Losi MA, Perrone-
Filardi P, Soricelli A, Piscione F, Taube J, Squame F,
Salvatore M, Weiss JL, Chiariello M : Prolonged
impairment of regional contractile function after reso-
lution of exercise-induced angina : evidence of myo-
cardial stunning in patients with coronary artery dis-
ease. Circulation 94 : 2455-2464, 1996

Kloner RA, Jennings RB: Consequences of brief
ischemia : stunning, preconditioning, and their clini-
cal implications—Part 1. Circulation 104 : 2981~
2989, 2001

Kloner RA, Jennings RB: Consequences of brief
ischemia : stunning, preconditioning, and their clini-
cal implications—Part 2. Circulation 104 : 3158~
3167,2001

Tanaka H, Chikamori T, Hida S, Usui Y, Harafuji K,
[garashi Y, Yamashina A : Comparison of post-exer-
cise and post-vasodilator stress myocardial stunning
as assessed by electrocardiogram-gated single-photon
emission computed tomography. Circ J 69 : 1338-
1345, 2005

Berman DS, Kiat H, Maddahi J: The new 99mTc
myocardial perfusion imaging agents : 99mTc-sesta-
mibi and 99mTc-teboroxime. Circulation 84 (3
Suppl) : 17-21, 1991

Johnson LL, Verdesca SA, Aude WY, Xavier RC,
Nott LT, Campanella MW, Germano G : Postische-
mic stunning can affect left ventricular ejection frac-
tion and regional wall motion on post-stress gated
sestamibi tomograms. J Am Coll Cardiol 30:
1641-1648, 1997

Paul AK, Hasegawa S, Yoshioka J, Xiuli M,
Maruyama K, Kusuoka H, Nishimura T : Characte-
ristics of regional myocardial stunning after exercise
in gated myocardial SPECT. J Nucl Cardiol 9:
388-394, 2002

Sharir T, Bacher-Stier C, Dhar S, Lewn HC, Miranda
R, Friedman JD, Germano G, Berman DS : Identifi-
cation of severe and extensive coronary artery disease
by postexercise regional wall motion abnormalities in
Tc-99m sestamibi gated single-photon emission com-
puted tomography. Am J Cardiol 86 : 1171-1175,
2000

Bestitti A, Di Leo C, Alessi A, Triulzi A, Tagliabue L,
Tarolo GL : Post-stress end-systolic left ventricular
dilation : a marker of endocardial post ischemic stun-
ning. Nucl Med Commun 22 : 685-693, 2001
Emmett L, Iwanochko RM, Freeman MR, Barolet A,
Lee DS, Husain M : Reversible regional wall motion
abnormalities on exercise technetium-99m-gated car-
diac single photon emission computed tomography

predict high-grade angiographic stenosis. J Am Coll



— 496 —

1)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

Cardiol 39 : 991-998, 2002

Druz RS, Akinboboye OA, Grimson R, Nichols K1J,
Reichek N : Postischemic stunning after adenosine
vasodilator stress. J Nucl Cardiol 11 : 534-541,
2004

Hida S, Chikamori T, Tanaka H, Usui Y, Igarashi Y,
Nagao T, Yamashina A : Diagnostic value of left ven-
tricular function after stress and at rest in the detec-
tion of multivessel coronary artery disease as assessed
by electrocardiogram-gated SPECT. J Nucl Cardiol
14 : 68-74, 2007

Hung GU, Lee KW, Chen CP, Yang KT, Lin WY :
Worsening of left ventricular ejection fraction induced
by dipyridamole on TI-201 gated myocardial perfu-
sion imaging predicts significant coronary artery dis-
ease. J Nucl Cardiol 13 : 225-232, 2006

Lee DS, Yeo JS, Chung JK, Lee MM, Lee MC :
Transient prolonged stunning induced by dipilidam-
ole and shown on l-and 24-hour poststress 99mTc-
MIBI gated SPECT. J Nucl Med 41 : 27-35, 2000
Ward RP, Gundeck EL, Lang RM, Spencer KT, Wil-
liams, KA : Overestimation of postischemic myocar-
dial stunning on gated SPECT imaging : Correlation
with echocardiography. J Nucl Cardiol 13 : 514~
520, 2006

Manrique A, Faraggi M, Vera P, Vilain D, Lebtahi R,
Cribier A, Le Guludec D : 201TI and 99mTc-MIBI
gated SPECT in patients with large perfusion defects
and left ventricular dysfunction : comparison with
equilibrium radionuclide angiography. J Nucl Med
40 : 805-809, 1999

Manrique A, Hitzel A, Brasse D, Vera P : Effect of
perfusion pattern and imaging sequence on gated per-
fusion SPECT evaluation of myocardial stunning. J
Nucl Med 46 : 176-183, 2005

Hachamovitch R, Berman DS, Shaw LJ, Kiat H,
Cohen I, Cabico JA, Friedman J, Diamond GA :
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 97 : 535-543, 1998

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

American Society of Nuclear Cardiology, Updated
imaging guidelines for nuclear cardiology procedures,
part 1. J Nucl Cardiol 8 : G5-G58, 2001

Cerqueira MD, Weissman NJ, Dilsizian V, Jacobs
AK, Kaul S, Laskey WK, Pennell DJ, Rumberger JA,
Ryan T, Verani MS ; American Heart Association
Writing Group on Myocardial Segmentation and Reg-
istration for Cardiac Imaging : Standardized myocar-
dial segmentation and nomenclature for tomographic
imaging of the heart. A statement for healthcare
professionals from the Cardiac Imaging Committee of

(8)

THE JOURNAL OF TOKYO MEDICAL UNIVERSITY

22)

23)

24)

25)

26)

27)

28)

29)

30)

Vol. 69 No. 4

the Council on Clinical Cardiology of the American
Heart Association. J Nucl Cardiol 9: 240-245,
2002

Sharir T, Germano G, Kang X, Lewin HC, Miranda R,
Cohen I, Agafitei RD, Friedman JD, Berman
DS : Prediction of myocardial infarction versus car-
diac death by gated myocardial perfusion SPECT :
risk stratification by the amount of stress-induced
ischemia and the poststress ejection fraction. J Nucl
Med 42 : 831-837,2001

Germano G, Kiat H, Kavanagh PB, Moriel M, Maz-
zanti M, Su HT, Van Train KF, Berman DS : Auto-
matic quantification of ejection fraction from gated
myocardial perfusion SPECT. J Nucl Med 36 :
2138-2147, 1995

American Heart Association Committee Report. A
reporting system on patients evaluated for coronary
artery disease. Circulation 51 : 5-34, 1975

Ogilby JD, Iskandrian AS, Untereker WJ, Heo J,
Nguyen TN, Mercuro J : Effect of intravenous ade-
nosine infusion on myocardial perfusion and func-
tion. Hemodynamic/angiographic and scintigraphic
study. Circulation 86 : 887-895, 1992

Billinger M, Fleisch M, Eberli FR, Meier B, Seiler
C : Collateral and collateral-adjacent hyperemic vas-
cular resistance changes and the ipsilateral coronary
flow reserve. Documentation of a mechanism caus-
ing coronary steal in patients with coronary artery
disease. Cardiovasc Res 49 : 600-608, 2001
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
30: 1360-1367, 1997

Mazzanti M, Germano G, Kiat H, Kavanagh PB,
Alexanderson E, Friedman JD, Hachamovitch R, Van
Train KF, Berman DS : Identification of severe and
extensive coronary artery disease by automatic mea-
surement of transient ischemic dilation of the left
ventricle in dual-isotope myocardial perfusion
SPECT. JAm Coll Cardiol 27 : 1612-1620, 1996
Hachamovitch R, Berman DS, Kiat H, Cohen I,
Cabico JA, Friedman J, Diamond GA : Exercise
myocardial perfusion SPECT in patients without
known coronary artery disease : incremental prog-
nostic value and use in risk stratification. Circula-
tion 93 : 905-914, 1996

Ohtaki Y, Chikamori T, Igarashi Y, Hida S, Tanaka H,
Hatano T, Usui Y, Miyagi M, Yamashina A :
Differential effects comparing exercise and pharma-
cologic stress on left ventricular function using gated
Tc-99m sestamibi SPECT. Ann Nucl Med 22 :
185-190, 2008



Oct., 2011 H. TANAKA, et al : Evidence for myocardial stunning —497 —

OAEXFEILA SPECT fréiic & - Catli < 7z
B0 A 2 = v 72 B Mt

oF N
s

o OKERR e 7
IR EZ S TIES
Ft i

TR R R AE PR 5 Al

Al
%

M H
L
B H
EIE

[%5] 99mTe-sestamibi % I\ 720 B B [ UM% SPECT (gated SPECT) @ QGS fEATIZ & 1) Rl & 41 % 2 B £ 4
HO—BMERGEREE, WhWA.LIA Y = v 7k, BEESHIREEOFELELRZT LS EPMON T L, L
LADS, DAY = v ZIREFERTIMICA SN 2 Eh b, REMABGEITIZLVE LT —F 7727 M
TERVEDNHRD D Do

[B19]  Gated SPECT @ QGS fFHTIZ B & L BETRE) - LFREE IS D W CEBEAT (LRI % 3558) & 355 &7 (if
WA REOFESR) PHBETHIEICL), LHAY = PRI L 2 DD, &5 WIEHERKRTICL ST —
F777 MIEBLODEKE L,

[5]  FRIE & sk B, BividsEbit, P Te-sestamibi % V> 7= B4 gated SPECT AT AN 1T S AL72
FEFI DS B, BT RS~ BRI T 2 220 720 132 % GEBIALT 84 %4, HH) . ATP BT 48 %) %X %
& L7ze &P CRBIIRE A DT S 7,

[#55] SPECT CERfli L 7= WM O BIMEREE A 2 7ICH EE RO LD o 7205 EBEMEET 54%. ATP A
BET 19% (O A Y = > 7% 507 (p<0.0001) . EBNEMHECTRIMLA o7 & BEER) T 2 2 7 ICH B2z 0
7=h%, ATP BB CIZA B L HBIEFRD 2o 720 WEIIREGRE T HREL L RO 12 3 BIZBWT, REZ L
BHAY =V POBGREMRTEZD, WTROREFIZBVWTH, BHAMEICBWCLHA Y =¥ 7O MBHE
HEICE Do —77 ATP BT — ORI TLA A Y =2 FAHIL L7225, 205 {13 90% DL o R ke
FEFITd o 726

[#678]  99mTc-sestamibi % F\> 72 3B B fif gated SPECT M Cid LIE LITRMRISOHA Y =~ 7 &80, Rl
DEFERE EFEICHBE L7ze — 7, EHEM TIRIMEO S BE OFEPFETH O FEROERRIEOERERE T
HHIZHDbLT, LHAY =y FOMBIIAEEIIA o7 2O LS, QGS TaHili & N7/ A Y =~
ZILOREME L TWaAbOTH Y, NEERBEHITIC L 27 —F 7727 FOWRMEIERWEZEZ 517z,

(F—7—F) EEIRESR, LAY =27, LERFEYOH SPECT, EHEF, ATP &1

(9)



