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Background: The diagnostic accuracy of stress myocardial perfusion single-photon emission computed tomography (SPECT) to
detect coronary artery disease (CAD) is reduced by the balanced reduction of myocardial perfusion in patients with multi-vessel or
left main trunk CAD (multi-vessel group). This study investigated the diagnostic performance of a simultaneous acquisition rest #mTc/
stress 20Tl dual-isotope protocol for myocardial perfusion SPECT (MPS) in a multi-vessel group by examining the assessment of a
slow 29Tl washout rate (WR) finding in comparison to the accuracy of perfusion assessments.

Methods and Results: This study enrolled 91 patients who had undergone angiography within 3 months after MPS. The diagnos-
tic performances of perfusion assessments and a slow 2°'TI WR parameter were compared using the area under the curve (AUC) in
a multi-vessel group of patients with mild ischemia (2<summed difference score [SDS]<7). The AUC of a slow WR parameter was
significantly larger compared with that for perfusion assessments, in patients with mild ischemia, (AUC, 0.736 vs. 0.504-0.558, P
value: <0.01-0.05).

Conclusions: Among patients with mild ischemia, a slow 2'TI WR parameter improved the detection of CAD in a multi-vessel group.

Key Words: Cadmium-zinc-telluride; Myocardial perfusion; Single-photon emission computed tomography; 2¢'Thallium (2°TI);

Washout rate

computed tomography (SPECT) has been established
as a useful diagnostic modality for detecting significant
coronary artery disease (CAD). The JCS 2018 Guideline
on Diagnosis of Chronic Coronary Heart Diseases recom-
mends confirmation of the presence of stress-induced isch-
emia before revascularization as class I evidence.! In cases
with multi-vessel or left main trunk CAD (multi-vessel
group), a balanced reduction of myocardial perfusion can
cause false-negative results on stress MPS. One reason for
this phenomenon is that MPS is a relative flow assessment
that can lead to underestimations of myocardial perfusion
in patients with multi-vessel disease.2
Sodium potassium channels deliver 2! T1 into myocardial
cells from the microvascular circulation. A fast delivery and
a fast washout of 2Tl is observed in normal myocardium;
however, a slow delivery and a slow washout of 2!' Tl is seen
in ischemic myocardium. Therefore, calculating the washout

S tress myocardial perfusion single photon emission

rate (WR) of 2°'T] in the multi-vessel group might assist
diagnosis in these cases, and previous reports have reported
the usefulness of a slow 29'T1 WR parameter in assessments
using conventional Anger-type gamma cameras.!5$
D-SPECT, which is a dedicated cardiac gamma camera
equipped with semiconductor detectors made of cadmium-
zinc-telluride (CZT), is clinically used in limited hospitals,
but the usefulness of a slow 2'T1 WR for detecting CAD
in the multi-vessel group using a simultaneous acquisition
stress 21 Tl/rest ¥"Tc dual-isotope MPS protocol (SDI
protocol) and D-SPECT has not been previously reported.?
The aims of this study were: (1) to define an appropriate
201T] WR cut-off value for detecting CAD in the multi-
vessel group; and (2) to determine the clinical usefulness of
a slow 2!'T1 WR parameter in comparison to stress perfu-
sion assessments for detecting CAD in the multi-vessel
group. We focused on patients with mild ischemia
(2<SDS<7) because a balanced reduction of MPS findings,
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Figure 1. Simultaneous acquisition of rest
9mTc/stress 20T dual-isotope protocal (SDI
protocol). MPS, myocardial perfusion single-
photon emission computed tomography.

which could lead to false-negative results, is more likely in
cases with mildly abnormal MPS findings. Conversely, in
patients with severe and extensive ischemia, the observation
of multiple perfusion defects would easily predict the
presence of ischemia in multiple coronary arteries.

Methods

Patient Population

Ninety-one consecutive patients who underwent stress
MPS for the diagnosis of CAD between April 2016 and
December 2018 at Nihon University Hospital were enrolled.
Each patient had undergone invasive coronary angiogra-
phy (CAG) or coronary computed tomography angiogra-
phy (CCTA) within 3 months after MPS to evaluate their
CAD. Patients aged <20 years or with a history of prior
myocardial infarction and coronary artery bypass graft
surgery were excluded from the study. Cafieine intake was
prohibited for 24 h before the study, and the patients were
instructed fast before visiting the hospital. This study was
approved by an independent review board committee of
Nihon University Hospital (IRB No. 20210402).

Stress MPS Protocol

An outline of the simultaneous acquisition dual-isotope
(SDI) protocol for stress MPS reported by Makita et al is
shown in Figure 1. Briefly, patients were injected with
125 MBq of = Te-tetrofosmin (Nihon Medi-Physics, Tokyo,
Japan) or ™ Tc-methoxy isobutyl isonitrile (MIBI; Fujifilm
Toyama Chemical, Tokyo, Japan) to visualize myocardial
perfusion during a resting state. Then, the patients under-
went 6 min of vasodilator stress using an adenosine infusion
(120 pg/kg/min; Fujifilm Toyama Chemical, Tokyo, Japan).
At 3min after the start of the adenosine infusion,
50-74 MBq of *'T] was injected to visualize myocardial
perfusion during stress. Subsequently, the first simultaneous
rest #mTc/stress '] acquisition performed in patients
who were in an upright position was initiated using
D-SPECT. After a meal break for 60-120min to enable
201T] redistribution, a second acquisition of the SDI protocol
was performed. The acquisition time was determined based
on the gamma-ray count for the left ventricle, and the target
count values were set at more than 1 mega count.

Photopeak Calibration
The subtraction of photo-energy crosstalk between %mTc

and *'T1is a major problem in the SDI protocol; however,
the higher energy resolution of CZT detectors compared
with conventional Anger-type gamma cameras, enables the
use of narrower energy windows to reduce the influence of
down-scatter. Moreover, the iterative deconvolution method
described by Kacperski et al has been used for down-scatter
correction in D-SPECT." The method utilizes the triple
energy window method and a scattering model based on
the spatial and spectral distribution of projection counts in
multiple photoelectric peak windows.

Acquisition Protocol and Image Reconstruction

A 10-s initial scan was performed to determine the location
of the left ventricle and to define the range of the scan
angles for each detector. The scan time was determined in
accordance with the 2'Tl count. Each image dataset con-
sisted of 120 projections per detector. The reconstruction
was performed using the successive approximation method
and the proprietary Broadview reconstruction algorithm
(Spectrum Dynamics Medical, Caesarea, Israel). Short axis,
horizontal, and vertical long axis SPECT images were gen-
erated using Autoquant software (Cedars-Sinai Medical
Center, Los Angeles, USA).

Calculation of WR and Time Correction

The absolute values of the mean count number in a 17-seg-
ment model of the left ventricle were obtained using Heart
Risk View software (Nihon Medi-Physics, Tokyo, Japan).!t.12
The calculation of the 2"T]1 WR using a conventional
Anger-type gamma camera requires the use of a constant
acquisition time (~15min) and imaging interval (3—4h)
between the first and second acquisitions. However, the
acquisition time and the imaging interval can vary because
of the gamma ray count-based acquisition using D-SPECT.
Therefore, the first and second acquisition times and the
imaging interval had to be unified relative to the WR (%/h)
obtained using a conventional Anger-type gamma camera
using the following formulas.

<WR calculation formula for use with a conventional
Anger-type gamma camera>

(mean stress *'Tl count) — (mean rest *'Tl count)

WR (%/h) =

(mean stress *'T] count)

% 100/ imaging interval
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Table 1. Patient Characteristics
) S P value

Age (years) 69+10 69+9 ns
Male sex (%) 19 (76.0) 49 (74.2) ns
Body weight (kg) 66+11 6310 ns
BMI (kg/m?) 25.4+2.6 23.6+3.1 <0.05
HD (%) 6 (24.0) 6(9.1) ns
Coronary risk factors (%)

Hypertension 19 (76.0) 45 (68.2) ns

Diabetes mellitus 17 (68.0) 21 (31.8) <0.05

Dyslipidemia 12 (48.0) 29 (43.9) ns

Current smoking 2(8.0) 7 (10.8) ns
Medications

ACEi 0

ARB (%) 14 (56.0) 29 (43.9) ns

Ca blocker (%) 11 (44.0) 31 (47.0) ns

B-blocker (%) 4(16.0) 224 (36.4) ns

Statin (%) 14 (56.0) 21 (31.8) ns

Values are presented as mean=SD or n (%). ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il
receptor blocker; BMI, body mass index; HD, hemodialysis; ns, not significant.

Table 2. Parameters of Perfusion and Gated Assessment
Multi-vessel 0-1 vessel P value
group (n=25) group (n=66)
SSS 715, 11] 1[0, 4] <0.00001
SRS 0[0, 1] 0[0, 0] <0.0001
SDSs 7103, 9] 1[0, 3.75] <0.0001
Stress LVEF (%) 66.7+11.7 64.5£13.5 ns
Rest LVEF (%) 68.9+13.4 68.3+:14.0 ns
AEF (%) 2.24:+4.80 3.85+4.62 ns
TID ratio 1.15+0.10 1.11+0.13 ns

Values are presented as the median [25th percentile, 75th percentile] or n (%) for SSS, SRS and SDS. LVEF and
TID ratio data are expressed as meanzstandard deviation. AEF, A ejection fraction=stress LVEF-rest LVEF; LVEF,
left ventricular ejection fraction; ns, not significant; SDS, summed difference score; SRS, summed rest score; SSS,

summed stress score; TID, transient ischemic dilatation.

<WR calculation formula for use with D-SPECT>

Ist acquisition time (min)

1Car ss 1T ¢ = (mean rest ®'Tl count) X =—————————
(mean stress “'Tl count) = (mean rest count) Tnd scquisition tme (mi)

WR (%/h) =

(mean stress *'Tl count)

% 100/ imaging interval

Image Interpretation

MPS images were scored semi-quantitatively by 2 experi-
enced readers using a 17-segment model of the left ventricle
and a 5-point scale (0, normal uptake: 1, mildly reduced
uptake; 2, moderately reduced uptake; 3, severe reduced
uptake; 4, almost no uptake).”® When the image interpreta-
tion differed, a consensus was reached between the 2 doc-
tors. In this model, the left anterior descending coronary
artery (LAD) territory consisted of 7 segments (Segments
1, 2,7, 8 13, 14, and 17), the left circumflex coronary
artery (LCX) territory consisted of 5 segments (Segments
5,6, 11, 12, and 16), and the right coronary artery (RCA)
territory consisted of 5 segments (Segments 3, 4, 9, 10, and
15).1 The summed stress score (SSS), the summed rest

score (SRS), and the summed difference score (SDS) were
calculated according to methods previously described by
Berman et al.'s The presence of myocardial ischemia was
defined as SDS 22 in the corresponding coronary territory.

A balanced reduction of myocardial perfusion is usually
seen in patients with mild ischemia.'®!7 In patients with
moderate to severely abnormal MPS findings (SDS =8), a
perfusion assessment using MPS alone would be sufficient
for the detection of multi-vessel disease; however, to deter-
mine the threshold of SDS at which a slow WR would be
useful, we analyzed the patient groups with moderate to
mild ischemia.

CAG and CCTA Interpretation

All patients underwent CAG or CCTA within 3 months
after the stress MPS examination. Significant coronary
stenosis was defined as 275% stenosis in the main coronary
artery and 250% stenosis in the left main trunk. Small ves-
sels with a narrow perfusion area and peripheral lesions
were excluded from the definition of significant CAD. We
categorized significant CAD into 2 groups as follows: a
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Table 3. Number of Vessels With Coronary Artery Disease 100 |
No coronary artery disease n=38 _l—‘_
1 vessel disease n=28 (%)
LAD 12 (42.9) ot
LCX 7 (25.0)
RCA 9 (32.1)
2 vessel disease n=12 (%) ; 60
LAD and RCA 2(16.7) E
LAD and LCX 3 (25.0) @
LCX and RCA 7 (58.3) 2 a0
3 vessel or LMT disease n=13 Cut-off for WR: 6.2 (%/h)
Data are presented as n (%). LAD, left anterior descending coro- AUC, 0.771
nary artery; LCX, left circumflex coronary artery; LMT, left main 20 |
trunk coronary artery; RCA, right coronary artery.
0 -
T T T T T T
p <0.0001 0 20 40 60 80 100
WR S
100-specificit
(%/h) e
30 y Figure 3. Cut-off value for 22'TI WR for the detection of CAD
in the multi-vessel group disease using a receiver operating
characteristic curve (ROC) analysis. AUC, area under the
: o curve; WR, washout rate.
205
11.7 [4.7, 18.9] |
ol results were compared with perfusion assessments in each
j range and a slow WR.
2.8[-05,6.2]
=) Resuits
Patient Background Characteristics
i The patient background characteristics of the multi-vessel
and 0-1 vessel groups are shown in Table 1. The multi-

T T

0-1 vessel group Multi-vessel group

Figure 2. Comparison of 20'T| WR between the 0-1 vessel

and multi-vessel groups. WR, washout rate.

multi-vessel group (22 significant stenoses or a left main
trunk lesion) and a 0-1 vessel group (no significant stenosis
or stenosis in 1 vessel).

Statistical Analysis

EZ-R software was used for the statistical analysis.!®
Continuous variables were expressed as the mean+SD or
the median [25th percentile, 75th percentile]. An unpaired
t-test, Mann-Whitney U-test, and Fisher’s exact test were
used to compare the multi-vessel group and the 0-1 vessel
group. Statistical significance was defined as P<0.05. A
receiver operating characteristic (ROC) curve was used to
describe the WR cut-off value for the diagnosis of CAD in
the multi-vessel group. The ROC analysis for the detection
of CAD in the multi-vessel group was performed in
patients with moderate to mild ischemia, and the area under
the curve (AUC) was compared between a slow WR and
perfusion assessments. The range of SDS was varied as
2<SDS<4, 2<SDS<5, 2<SDS<6, 2<SDS<7, 2<SDS<8,
2<SDS<9, 2<SDS<10, 2<SDS<11 and 2<SDS<12. The

vessel group had a significantly higher BMI and prevalence
of diabetes mellitus than the 0-1 vessel group (25.442.6 vs.
23.613.1kg/m?, P<0.05; and 68.0 vs. 31.8%, P<0.05).

Myaocardial Perfusion and Gated Assessment

The median SSS, SRS and SDS values, mean stress left
ventricular ejection fraction (LVEF), rest LVEF, AEF and
transient ischemic dilatation (TID) ratio are shown in
Table 2. The SDS was higher in the multi-vessel group than
in the 0-1 vessel group (7 vs. 1, P<0.0001).

CAG and CCTA Findings

All the patients underwent invasive CAG or CCTA because
of significant ischemia or at the decision of their physician.
The number of cases with significant CAD and the fre-
quency are shown in Table 3. Thirty-eight patients did not
have significant coronary stenosis. Twenty-eight patients
(LAD, 42.9%; LCX, 25.0%; RCA, 32.1%) had 1-vessel
disease, 12 patients (LAD and RCA, 16.7%; LAD and
LCX, 25.0%; LCX and RCA, 58.3%) had 2-vessel discase,
and 13 patients had 3-vessel disease or left main trunk
lesions.

Acquisition Time and Imaging Interval

Regarding the median acquisition time and imaging inter-
val, no significant differences in the first acquisition time,
the second acquisition time, or the imaging interval were
seen between the multi-vessel group and the 0-1 vessel
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group (9.05 [8.05, 10.0] vs. 9.13 [8.01, 10.81] min, P=ns;
9.90[9.05, 13.66] vs. 12.20[9.13, 14.89] min, P=ns; and 81.0
[76, 104.0] vs. 96.5 [79, 112.5] min, P=ns).

WR Findings

The median WR was defined as the WR of the global left
ventricle. The median WR of the multi-vessel group was
significantly lower than that of the 0-1 vessel group (11.7
vs. 2.8%/h, P<0.0001) (Figure 2). Because the WR cut-off
value for discriminating the multi-vessel group using a
ROC analysis was calculated to be 6.2%/h, we defined
<7%fh as indicating a slow 2'TI WR suggestive of the
multi-vessel group (Figure 3). The sensitivity and specific-
ity for the WR being <7%/h in diagnosing the multi-vessel
group was 76% and 71%, respectively.

The ROC analyses used to discriminate the multi-vessel
group according to a slow WR or perfusion assessment
(SDS) are shown in Tabled. A slow WR parameter in
comparison to the SDS results was useful for the diagnosis
of multi-vessels in patients with mild ischemia (2<SDS<7,
P<0.05); however, its diagnostic performance was not sta-
tistically significant in another subset. In addition, a slow
WR parameter consistently showed high diagnostic perfor-
mance for the diagnosis of multi-vessels in the patient
group.

Representative Case

A 70-year-old woman with angina pectoris showed mild
ischemia (SDS=3) in the mid-to-distal anteroseptal wall
extending to the apex (Figure 4, arrows). Her WR of 21T
was as low as 4.9%/h, and CAG revealed disease in 3
vessels (LAD segment (seg.) 6, 90% stenosis; LCX seg. 13,
99% stenosis; and RCA seg. 4AV, 90% stenosis).

Table 4. AUCs in ROC Analyses

AUC P value
0.736 vs. 0.504 <0.01
0.736 vs. 0.508 <0.01
0.736 vs. 0.513 <0.01
0.736 vs. 0.558 <0.05

WR <7%/h vs. 2< SDS <4
WR <7%/h vs. 2< SDS <5
WR <7%/h vs. 2< SDS <6
WR <7%/h vs. 2< SDS <7

WR <7%/h vs. 2< SDS <8 0.736 vs. 0.583 ns
WR <7%/h vs. 25 SDS <9 0.736 vs. 0.623 ns
WR <7%/h vs. 2< SDS <10 0.736 vs. 0.643 ns
WR <7%/h vs. 2< SDS <11 0.736 vs. 0.663 ns
WR <7%/h vs. 2< SDS <12 0.736 vs. 0.695 ns

AUC, area under the curve; ns, not significant; ROC, receiver
operating characteristic; WR, washout rate.

To the best of our knowledge, this is the first study to con-
firm the usefulness of a slow WR parameter in the SDI
protocol for D-SPECT. A slow *'T]1 WR parameter in
comparison to perfusion assessments of ischemic myocar-
dium successfully improved the detection of CAD in the
multi-vessel group in patients with mild ischemia. Further-
more, a perfusion assessment alone might be insufficient to
detect CAD in the multi-vessel group in patients with mild
ischemia, as suggested by the lower AUCs for the SDS
alone findings (ranging from 0.504 for 2< SDS <4 to (.558
for 2< SDS <7), as shown in Table 4.

The median 2!'TI WR of the multi-vessel group was
2.8%/h in the present study, which was lower than that
found in a previous report (10.6%/h)."? A 21"TI WR cut-off
value of <7%/h was capable of clinically discriminating the

(A)

Stress 201T|

Rest 99mTc

Stress 201T|

Rest 99mTc

Stress 201T]

Rest 99mT¢

Figure 4. Representative case. (A) Stress-induced ischemic myocardium in the left anterior descending coronary artery (white
arrows) in short, vertical long and horizontal slices. (B) Upper, stenosis in the left anterior descending coronary artery and left
circumflex coronary artery stenosis; Lower, stenosis in the right coronary artery stenosis (red arrows).
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multi-vessel group from the 0-1 vessel group. Because
overlooking the presence of multi-vessel CAD and left
main trunk stenosis is a common concern, we recommend
the use of a slow 22'T1 WR parameter in comparison to
perfusion assessments, as this measure can be easily calcu-
lated in the SDI protocol. Berman et al previously reported
the utility for detecting left main trunk CAD.7 A low ejec-
tion fraction of the left ventricle, multiple perfusion defects,
increased lung uptake of isotopes, abnormal wall motion
and TID were significant parameters for the detection of
left main trunk lesions in their study. Of note, Berman et
al assessed the lung uptake of 2!T] at rest using rest 20'TV/
stress 9mTc-MIBI planar imaging. In the present study,
however, we examined the usefulness of a slow 20!'T1 WR
parameter for the detection of multi-vessel CAD as well as
left main trunk stenosis.

This difference in the median 20!'T] WR between the pres-
ent and previous reports can be explained by: (1) the differ-
ence in SPECT protocols (the SDI protocol requires
cross-talk correction from the ¥mTc to 2Tl windows); (2)
the difference in the imaging interval (a shorter imaging
interval might cause a smaller 20!T] WR between the first
and second acquisitions); (3) the absence of decay correc-
tion for #~Tc using iterative deconvolution correction;
and (4) the application of vasodilator stress only in the
present study (exercise and vasodilator stress were both
included in the previous report).3.1012 Exercise stress tests
can be difficult for elderly patients to undergo, and so vaso-
dilator stress tests might be more appropriate for elderly
patients. Therefore, the 2I'T] WR during vasodilator stress
tests might be more important than in situations where
exercise stress tests are also performed. In addition, the
WR is reportedly correlated with the coronary flow reserve
(CFR) during vasodilator stress tests, possibly making
vasodilator stress more suitable than exercise stress for the
prediction of CFR.”

In a previous study, Sharir et al reported that reducing
stress LVEF and TID are useful in diagnosing multi-vessel
CAD and left main trunk stenosis, but none of these
measures were found to be significant in the present study.?®
There were no significant differences in stress LVEF, rest
LVEF, AEF and TID ratio between the multi-vessel and
0-1 vessel groups. The reason for this may be that all
patients in this study underwent vasodilator stress using an
adenosine infusion. Although vasodilator stress increases
coronary blood flow, it does not necessarily induce myocar-
dial ischemia or post-stress myocardial stunning instead of
CFR. Xu et al reported that TID was more frequently
observed in patients with moderate to severe perfusion
abnormality in comparison to our population that had
normal or mild perfusion abnormality.?! Therefore,
measurement of WR may be a more favorable indicator
for diagnosis of multi-vessel CAD than AEF or TID ratio
in cases of vasodilator stress.

In Table 2, there was a significant difference in the median
SRS between the multi-vessel and 0-1 vessel groups, even
though the median SRS was 0. Fourteen out of 25 patients
(56%) in the multivessel group and 61 out of 66 patients
(92%) in the 0-1 vessel group had SRS=0, which may be
due to the significantly lower number of patients in the
multi-vessel group. This may be because there were sig-
nificantly fewer cases of CAD in the multi-vessel group.

In this study, there were a total of 12 patients with a WR
<0%/h, 4 of which were in the 0-1 vessel group and 8 of
which were in the multi-vessel group. Regarding the 8

patients in the multi-vessel group, previous reports have
shown that a negative WR suggests severe stenosis of the
coronary arteries and is useful as an adjunct diagnosis for
multi-vessel disease. Therefore, it is usually possible to
have a negative WR in the multi-vessel group. In 2 of the
4 patients in the 0-1 vessel group, =Tc-MIBI was used as
a tracer at resting perfusion, and extracardiac accumula-
tion was observed. The problem with ¥™Tc-MIBI is that it
has been reported to cause extracardiac accumulation at
rest. As the #=Tc agent is excreted from the hepatobiliary
system, it may cause a high extracardiac accumulation
adjacent to the heart. The extracardiac uptake of %mTc-
MIBI in the liver at rest may disrupt the stress count of
201T1 in the SDI protocol. Actually, Johansen et al docu-
mented that changes between the first and second perfusion
assessment with and without extracardiac uptake of ¥=Tc¢
may affect the 201T1 WR.2

Another important finding of this study was that a slow
21T] WR parameter was useful for the diagnosis of CAD
in the multi-vessel group in patients with mild ischemia.
Patients with moderate to severe ischemia sometimes exhibit
multiple perfusion defects, which naturally suggests the
presence of multi-vessel disease. To avoid underestimating
the presence of CAD in the multi-vessel group, however,
other information on the presence of a slow 2!'T1 WR
might be necessary for patients with mild ischemia, and
might play a more important role than it would in patients
with moderate to severe ischemia (SDS 28).

Dual-isotope imaging is not usually recommended for
MPS because of the higher radiation exposure; however,
the high sensitivity to gamma ray counts of semi-conduc-
tor gamma cameras allows the SDI protocol to be used
with a lower radiation exposure and a shorter imaging time,
compared with conventional Anger-type gamma cameras.
According to a survey conducted in 2016, the ratio of the
utilization of 2!T] and #=Tc in Japan was approximately
1:1, and the utilization of 22'T] was higher in Japan than it
was in Europe or the United States.?® Both 2!T] and ¥=T¢
agents are unique, but 2'T] has a long half-life and an
increased exposure, compared with 9=Tc. In contrast, the
detection sensitivity in the ischemic myocardium is known
to be higher because of good myocardial blood flow track-
ing and a high myocardial extraction fraction.

According to the IAEA Nuclear Cardiology Protocols
Cross-Sectional Study (INCAPS) study, to optimize radia-
tion exposure, 20!'T] should not be used for patients aged
<70 years.® In addition, the American College of Cardiology
has proposed that an exposure dose of >50% for all
examinations be 9mSyv per test.? However, semi-conductor
gamma cameras enable radiation exposure from 2°'T1 to be
reduced because of their high sensitivity. The minimum
usage is SOMBq of 20!'T1 and 125MBq of #=Tc in the SDI
protocol, for a total of 8.0mSv/test; this exposure dose is
<9mSv. In future, if the 2T dose can be adjusted according
to body weight, it might be possible to further reduce the
radiation exposure dose in some cases.

Study Limitations

Regarding the time correction for the WR (%h), the con-
ventional imaging protocol using 2!Tl used a 3- to 4-hour
imaging interval; however, the imaging interval of the SDI
protocol is shortened to approximately 1.3-1.7h. The trans-
fer of 20!'T1 from the circulatory blood flow to the myocar-
dium is regulated by sodium/potassium channels; however,
this relatively short imaging interval might not be sufficient
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to fully investigate the effect of 20/'T1 WR in ischemic myo- *

cardium. The 2!T1 WR in ischemic myocardium is delayed
and may have a negative WR value.5# Functional coronary
stenosis evaluated using the fractional flow reserve during
invasive CAG can sometimes differ from anatomical ste-
nosis. However, Di Carli et al reported an association between
anatomical coronary stenosis and CFR, as evaluated in a
vasodilator and a positron emission tomography study.?
Therefore, anatomical coronary stenosis is still used for
evaluating functional ischemia.

The rate of ¥™Tc-MIBI use at rest perfusion was in 4 of
25 patients in the multi-vessel group and 25 of 66 patients
in the 0-1 vessel group (16% vs. 38%, P=ns). Extra cardiac
accumulation of ¥®Tc might disrupt the 20!'T]1 WR in the
0-1 vessel group patients and a cause larger variation of

WR (Figure 2).

Conclusions

A slow 2'T] WR parameter in comparison to perfusion
assessments improved the diagnostic accuracy of detecting
multi-vessel CAD and left main trunk stenosis in patients
with mild ischemia.
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PRI AT >~ T A T & IO T2 22 i 2™ Te/ A 20'T1 SPECT [AIRFIEE 7' 1 | =
— VIR D ZEGEEIRAZE R I3 2 20 TR H U SRIKT ORER B4

WY

HHEBZ D, IAREM D MEERE) D, BHEE D AR D, KEE D, BAS
FENIPN 59- 73

1) A ARG BR 2 PR
2) B AR A A b AR AR v e 8 B i P AR
3) B AR B S MRt

Y

TE: eER%E A (coronary artery disease: CAD)  Z & 9% 72 O & faf LA 1L (single-
photon emission computed tomography: SPECTfRE D2 WIFEE 1L, ZHEIRE F 7= 135 Bk
TR AE (M HFETEERARE L LET) 1BV T, EENOLFHILENZIEE—IC
KT 52 & COURBMROMIIFHEAREE L 7 BRI VIR T T2 Z LR BT
%o ABFFETIE, ZeERER OmTe/ AR 200T1 O 2 BERERIFRIEE 7 1 b 22— L % FH 2 D i I
it SPECT (myocardial perfusion SPECT: MPS) % JiifT L 72 B T3V T 20T e vH L

(washout rate: WR) % VN2 IRf D Z AR 28 52 W ks 2 22O LR AT B C D2 TS BE & tb
BARET L7z,

FEERER: AW TIL, MPS# 3 » HUINICIAE SR 21T T B 91 A 25 s L,
DM (summed difference score: SDS) & WRIZ L 2 ZENAZKHREIZEI L C, #ift T
& (AUC) ZHWTHeldgat Lz, BE LR Z LT B (2<summed difference score
[SDSI<7) (Z3VVT, WR<7%/h 1 SDS I X 2 ¥l & ek LA EICEEA = L7z (AUC,
0.736 vs. 0.504-0.558, P value: <0.01-0.05).

fEa: SHURL 2 H T AR EEMBEIZB VT, WR DI FILA B CAD ORI EE % 1)
&7



WS
Coronary artery disease: CAD

Coronary angiography: CAG

Coronary computed tomography angiography: CCTA
Single-photon emission computed tomography: SPECT
The Japanese circulation society: JCS

Myocardial perfusion SPECT: MPS

Washout rate: WR

Cadmium Zinc Telluride: CZT

Simultaneous acquisition dual-isotope: SDI

Summed difference score: SDS

Percutaneous coronary intervention: PCI
Institutional review board: IRB

Methoxy isobutyl isonitrile: MIBI

Left anterior descending coronary artery: LAD

Left circumflex coronary artery: LCX

Right coronary artery: RCA

Summed stress score: SSS

Summed rest score: SRS

Transient ischemic dilation: TID

Standard deviation: SD

Receiver operating characteristic: ROC

Area under the curve: AUC

Body mass index: BMI

Diabetes mellitus: DM

Left ventricular ejection fraction: LVEF

A Ejection fraction: AEF

Left main trunk: LMT

Coronary flow reserve: CFR

International Atomic Energy Agency: IAEA

IAEA Nuclear Cardiology Protocols Cross-Sectional Study: INCAPS

Positron emission tomography: PET



TEBIC
JiE ML DR BT ERE, N ZEPDIE, BMRODIHTEZEDO K E < 322 REN 5,
ZD O L, BEPIEICE L TTAMLH SPECT AAHTH Y . A BEEEIRES

(Coronary artery disease: CAD) Z i+ 2 A MWk L THLL T 5, mEfROFE
I B AR = o & = — & K@ H 52 (Coronary computed tomography angiography: CCTA)
Rl Eh k& 52 (Coronary angiography: CAG) COZWT LN & 5753, CCTA X° CAG (355
AR C &> 5 DIt L. ARG SPECT [IAERERIEIL OHIMI AN I RETH 5, CAG & Hik
LIFREENTH Y | F72 CCTA TITHE T X 7o\ RIS & A D SPECT(Single-photon
emission computed tomography) CIiXi2lWi9 5 Z L W H[EETH D, HATEER % T2 (The
Japanese circulation society: JCS) 2018 D& el B JRE L DOZWHIIRE T2 T4 K714 Tl
7 FAIDTZET VAL LT, MATHERNZE MO OFEEZFEAT 5 Z L B3RS T
W, U AR SPECT (X FHIRAVIC R MERIAL TR ML 2 U 7 & 1T, 77 1 F
T OMTe I NEER L, RV IAENT DTG RS SN T ~famtp L <, T
AT Ny Ea— 0B L, O OMEE EgLT IRETH D, S EITE
FE8 CAD (ZAIRERE) D6, ORI —IIK 3% Z & (balanced reduction)
(2 X0 ARLARILIE SPECT TRARRIMEIC/ZR D Z & NdH D, ZOHLOBHD—2I%, MPS
2 R D2 WS AR R LRI & EE D720, ZEIRE 2 AT 5 B TRV UL Mg
NG S LA REER S D Z ETh D,

WITHE, T MUV TUAA YT LT ¥ o RUS 0 BUNLE D B DAfla~ s S, 1E
DAL 2 TI OS & BRI < | B O T 20 TL OfkfS & BRI EL 72D, LTz
Do T, ZEIRERED 0TI OFe O L (washout rate: WR)Z T2 Z L1k, 2D DfE
BIOZWHITEKSLOFATREMED U . ZAVE TOWME T, 1E2RD Anger T o~ T A F1Z &
LBV T, VITIWR DRI RFEHATH L L@iE S Tingd, 153

D-SPECT |%, CZT (Cadmium Zinc Telluride) -3 HI%E & #58k L 72 DB 7 >~ T
AZ T, BRONTIFEFE CHERIRMIZHER ShTnwa, D-SPECTIZAALETI6OR, £D 9
HHGFEHNIZIZ 4 BEA SN TN D, MBEICE L T, HuLZEf o fae(h oz 2
EWEEEC 8 2 2 >OWik % 2 5 L ET & /N O )% D-SPECT T 8.6mm, kM
EETHLT U H—H AT TI53mm &> TEY, HERON AT L0 bR 2 1%
(22 LTV D, D-SPECT % JH\ T AT IE 20V T Zeflif #mTe 2 A% AR R R AR 1k

(SDI[Simultaneous acquisition dual-isotope] 7" 2 k =—/L) (23T D ZEIRAERER %3
% 20T WR DK F OF FAMEIZ DWW THEHRA S Tunieny, 9

AHZED HANE, LT O#Y TH D, (1) ZEIRLRECEIT D CAD it D728 Dbl 72
WTIWR Iy bATEZERT DI &, (2) ZEIRERHCEIT D CAD Bt 72 DAL
PR & bl U, 2" TIWR OIX T ARRKRMICEHATH LN E I a2 L Thb.
B O M A (2= Summed difference score: SDS=7) (ZHE A2 Y TDiX, MPS AN
BREE D FLFHITIX, AR D723 % ATHENED & 5 balanced reduction 23 Z D 3\ 72
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Th D, METHEOROEE, BERMICTEIND Z & TIREFEBNIRINEDOZ & S
NWAHFREMERH DM, WR ZtHlll 325 2 & TEEIRED RR L 2P O3 2 & AAMEE & 72
%, MRl CRER MO BHE ThH o> TH, WR OIK T 2580 72 A4 1 IR E Bk
DFFEEEHIREH(CCTA X° CAG) 72 E OB DBMEHESE T2 Z L N A[GEL 72 5, Wiz, &
JiE CIAEPFHO M MO B Tk, BEEOMBRBEED 5 2 LT, BEROBEBARE 2377
ETHZEREZHICTRIEND,

Fik
- REE

2016 4 4 A5 2018 4F 12 HIZ AAR S T CAD Wi D72 0 (B faf MPS Z fiifT L 72
HE 91 B DR 2 B ek UTe, ESEGIT 0 X E O A A Mgtk FEB A9 B R i |
FEOEMEN R, ST VEREIER N EED & 2 B F il B IR IR ENRIE AT (percutaneous
coronary intervention: PCI) & JifT S 41T\ 5 BFH OFREBIZE 72 & O 7 DIZ AT MPS A K iH
SNTBHETHY, CAD OFFiD7=H, MPS # 3 » A LAINIZIZEER) CAG £721% CCTA %
2T T, 20 AT, DAEEZE OB, HEIR A S AW OBED & 5 BF IR LT, D
T ZE DB DA MO ER TR QNN 2 & Ll & R A T 0 O JEE L)
WZ LAl EE L L7e, PCLHEO A HEIIRI 0o 7o, MATHT 24 RERI DT 7 = A ABER
ZEEIEL, MRIREETRETT 2 X o4 Lic, AWMFRIZH ARRFHPEOMIEELZBE O
7KER A 157, (institutional review board: IRB 7 % 20210402)

- BHFMPS 72 b a—)L

Makita & 2 S U7 Afaf MPS @ 2 BZFE[RIRFIEE (SDI 7' v b 22— /L)X 1 IT/R LT,
O EF BB Z IR LT S 72012 125MBq @ #MTe-tetrofosmin (B A AT 1 7
4Py AL HR) F£E9"Te-MIBI (F+7 4 VAL, H) &HBEIEET
%, FEBRITABLEE 121X 2" Te-MIBI(methoxy isobutyl isonitrile), #MHHBFHE 21T ™ Te-
tetrofosmin ZfEfH L, £D%k, 77 /2> (120pgkg/min; &+ 7 A /L A& (L5, RAE)
P X B MR A A 6 RITT S . TF T U TEABRGE 3 IS, AT L
EAfb T 572, 50-74MBq @ X' T Z #5925, % Dk, D-SPECT % HVVEN LT
B DL ERIRE OmTe/ Bl 2T [FIRERE. (SDI 7'm b =2—v) ZBHEAT 5, 0TI O 5540
15572901 60-120 53 DBEFARFADL, SDI 7' 1 k2 —/L D 2 [BlH OERFERTITOIND,
BERRITALDEOT U~ U MV REL, BEI Y MEZX IM AT L E
L,



X1

2017]
50-74MBq
iv
QBmTc
125MBqg
iv 1%t acquisition 27 acquisition
rest #2mTc & rest #mTc &
stress 201T] stress 201T|
dual-isotope MPS dual-isotope MPS
. - - Figure 1. Simultaneous acquisition of rest
: 9mTefstress 201T| dual-isotope protocol (SDI
adenosine mealtime protocal). MPS, myocardial perfusion single-
stress photon emission computed tomography.

74— XX VT L— g

SDI 71 b =—/LCix ¥Te & VITIH O R LF—27 B A h—27 OJFENRKE 2MET
HbH, LL, CZT RHEBRIINMERD T o H—RH v~ T A T TRV ¥ — 3R R
BN, FHBELOEEZ KT 5 -0 R X — 7 ¢ v RO+ 5 2 &N
AR TdH D, ZHIT, Kacperski HIZ K> TR ESNTEKE T 2R Y 2— a &L, D-
SPECT @ F A BELMIEICHEH ST b, 10 ZoFHiEE, N 7vedho—v 0 v KUk
L BEONEBEC—2 04 0 RUILKIT BE T FDZER] « AT MV S
SHELET AV EZFA LI DO TH 5,

R0 b a— )L b i R AR
FEOEONMELZREL, BERMGDOAX ¥ CAEOHIHA ERT D702, 10 FHOFIH
A%y e EM LT, AF v VR AL —D/AENOITION T > MR CTRE S
iz, KEGT—Zty ME, BREEGHEICOE 120 &2 THA SN, BT, hEO
Broadview FiA#AK 7 /L = U X 2 (Spectrum Dynamics Medical, Caesarea, Israel) % U 72K
INEIC Ko TiThoiuv e, Flh, K, TEEO R SPECT Hif§% Autoquant ¥ 7 M7 =7
(Cedars-Sinai Medical Center, Los Angeles, USA) (2 & > CTHbl S 7=,

* WR OF H & el IE

FELED 1T EIET MZEBIT D0 T v MIOMkHIEX, Heart Risk View Y 7 h D7 =7
(BERAT 4 74Ty 7 A, B, BHA) ZHWTKRD. HR2UERO Anger BT L~
AZIZE D 0TI O WR OFHE T, 1 EIHOHREN D 2 B H O £ Tofggif (815
) CHRERIRE G~4EHE) BN—ETH-o7m, LoL, D-SPECT TIEH > ~#Aa v MY
RICK DL DT, REFFFRCIRE MRS ZET 5, £ 2T 1RO Anger B o~ 7
AZI2LD WR (%/h) LT 572012, 1EE & 20 HOREER, REMEZLLTO
ANTH—T H2MERDH ST,



<HEHRD Anger A v~ 71 A FIZHF B WR OFFHA>

(ATRETEE) 20T 1 0 o B — (LR 01T D 2 ) « 100

R=
w (ARIREE) 200 TL 0 7 o b)) RGO (

%)

<DSPECT (28T 5 WR DR A >

(EURTTE TL 39 72 ) — (T4 20T 7 o oy T ORBED
B 2 [l H ORLIFRI(Y) 100 0
WR= - 5 (8

(BT 200TL 77 > | g R

LTESEN
MPS Hif§iZ, SAA L AT —/L - 1787 A0 MEAEA L, 2 NORBREE RHt &2
PERBINZA AT V2 T HITo720  3@H O IAZ, 100 T LB AR, 2 itk
FEITAR T LBV IAA, 3 IR T L2 B AZ, 4 BV IAZZ2 L), B 4BETo SDI
EOTAERDO—BERIZ 0% U EEFmWEETH Y S HICHHEM RN —E LW E I3
FEOBED LA TRRESNT, ZOFTI/IVTIL, £H] FMTAfEE (left anterior
descending coronary artery: LAD) (X727 A~ (1, 2, 7. 8, 13, 14, 17), ZE[REkqE
Ik (left circumflex coronary artery: LCX) 1527 A2k (5, 6, 11, 12, 16), FlEIfRAE
I (right coronary artery: RCA) X527 A~ (3, 4, 9, 10, 15) TSN T35, ¥
Summed stress score (SSS), Summed rest score (SRS), Summed difference score (SDS) %,
Berman 5 (Z X o TLAATNIZHE SN2 HIEICHE > TR Sz, B OB OFEIL, X
T2 EBIRAE T SDS=2 & EHK Lz,

OB IMPED balanced reduction 1%, W%, H/NEZIFREEOE M (SDS : 2~8) DEFH TH
bd, 167 REEENLEED MPS BEF] (SDS=9) Tid, MPSIZ & % Mifakfi o7 T
SRR EREOFA A FIRETH H 7, BEOEMBEIZBIT 5 HE 72 CAD OB HIZ SN
T. WR & SDS % Figehfat L7z,

+ CAG 3 L O CCTA DR

2B AR MPS {714 3 # A LANIC CAG £ 7213 CCTA 2 EfT L7z, A&7 aBREsEx
FREENRT 75%LL Eoogag A EEIIREERE T 50%LL Eofkag L EFR LT, RO
/NI ECRIIF NI A E 72 CAD B LTZ. AE 72 CAD 2 S HRARE QB Eofr
ERAAE T ERIRZE) L 0-1 BIRERE (FEREAEZR LU LT I8 ORAE) 1250
L7z, R, AR M 2 REFRB OBV INILE & EFR LT, E-FEREBNRICEI L T
IXLAD 7 A2 b8, LCX &7 A b 12+ 14, RCA® 7 A k4 OHEHEE L W ROk
ZEh RIYIRE & B Uz, LEERIIL 2 B O CTH DM, o EEHRAR 3 BRI
BT M PE N e 45 K (transient ischemic dilation: TID)2SGPEIZ 72 D & 9 B A2
TR L A% L, 3BREICE DT, £72 WR O T IO REOMIE ORI T
WCEDbDEEZLN, EMEHOESICE>TETIEEZOND, TDID, 24
A B SRR E O, 1 BRI 0-1 B U, B MmEpH o L X CTHERI L 7=,
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FRHENTIZIZ EZ-R VY 7 "o =7 2 L7z, 82803 F¥ELSD (Standard deviation)
FIFPRAERS OGN TR L, ZEIRAEREL 0-1 BREOFAMIZIZ, XSO0 ¢t
FRE. Mann-Whitney U Tﬁﬁf Fisher D IEREME 2] L7z, HEEHEOA EMEIL p<0.05 & L
Teo ZEIREREOZMNCISIT D WR DAy b A 7l %K 572912, Receiver Operating
Characteristic (ROC)EEH’?;? EEA LTz, BENDPFEEOEMOBEZ IR, SERERE
@ CAD fHH D728 D ROC f#HT 247V,  HifR T Hiff(Area under the curve: AUC)%Z WR D1
T & MR & O Tk L7z, SDS O#iPHiE 2=SDS=4, 2=SDS=5, 2=SDS=6, 2=
SDS=7, 2=SDS=8,2=SDS=9, 2=SDS=10, 2=SDS=11, 2=SDS=12 &L &t
7o BHELIZ BV TR & WR O T Tl L 7-.

[P S

- BEE RORY

RIREREL 0-1 FBEDOBE T RAER 1 ITRT, SEAREIL 0-1 BUR AR, Body
mass index (BMDI X OVBEJR B B HREN A RBIZE o 7o (25.442.6 vs. 23.6+3.1kg/m2,
P<0.05 ; and 68.0 vs. 31.8%, P<0.05), ##/KJpHEE (Diabetes mellitus: DM)IXIERE PRI B & b
2 L C WR(%/h) O FRAFIZA B ZILFR D 720> o 72(7.60[0.62, 13.37] vs 11.37[3.26, 16.74],
P=ns), L7>L, BMI>25 D H& 1T BMI=25 D L e L, WR(%/Mh) O RAlI3A BT
%75 L72(3.30[0.11, 11.13] vs 11.59[4.68, 18.29], P<0.001), :@ﬁj&%ﬁﬁiWR@WﬁFC%
Br G52 TOWDAREENRZZ 6T, LhL, ZEREZKICE T 20 AT (v 7 Al
STV T, WR<7%, BMI>25, BiR f$%ﬁk%a%%ﬁ%ﬁV‘Wmd%#ﬁ yhetish
WAy R % 7k L(WR 6.72, P<0.005; BMI 2.22, P=ns; DM 4.32, P<0.05)72% BMI>25 1A & 72 %
BRI 728 B e o iz,
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Table 1. Patient Characteristics
group (n225) group (n65) P value

Age (years) 69+10 699 ns
Male sex (%) 19 (76.0) 49 (74.2) ns
Body weight (kg) 6611 6310 ns
BMI (kg/m2) 25.4+2.6 23.6+3.1 <0.05
HD (%) 6 (24.0) 6(9.1) ns
Coronary risk factors (%)

Hypertension 19 (76.0) 45 (68.2) ns

Diabetes mellitus 17 (68.0) 21(31.8) <0.05

Dyslipidemia 12 (48.0) 29 (43.9) ns

Current smoking 2(8.0) 7(10.6) ns
Medications

ACEi 0 0

ARB (%) 14 (56.0) 29 (43.9) ns

Ca blocker (%) 11 (44.0) 31 (47.0) ns

B-blocker (%) 4 (16.0) 224 (36.4) ns

Statin (%) 14 (56.0) 21 (31.8) ns

Values are presented as mean=SD or n (%). ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il
receptor blocker; BMI, body mass index; HD, hemodialysis; ns, not significant.

- DML & (R

SSS. SRS, SDS OHfE, A EERH S (left ventricular ejection fraction:
LVEF) ., Z##FEF-) LVEF, AEF(A ejection fraction=stress LVEF-rest LVEF )35 J OV TID th %
F2ITRY, SDSIT 0-1 B & Y ZERARE TRl R L7z (Tvs. 1, P<0.0001), H7z, 3
KRR C 1 5 SDS O gL 0 AR A & bl LA B IZE %2 7~ L72(9 vs 3. P<0.01),

<2

Table 2. Parameters of Perfusion and Gated Assessment

bativessel e puae
888 7[5, 11] 1[0, 4] <0.00001
SRS 0o, 1] 00, 0] <0.0001
SDs 71[3,9] 1[0, 3.75] <0.0001
Stress LVEF (%) 66.7+11.7 64.5+13.5 ns
Rest LVEF (%) 68.9+13.4 68.3+x14.0 ns
AEF (%) 2.24+4.80 3.85+4.62 ns
TID ratio 1.15+£0.10 1.11£0.13 ns

Values are presented as the median [25th percentile, 75th percentile] or n (%) for SSS, SRS and SDS. LVEF and
TID ratio data are expressed as meanzstandard deviation. AEF, A ejection fraction=stress LVEF-rest LVEF; LVEF,
left ventricular ejection fraction; ns, not significant; SDS, summed difference score; SRS, summed rest score; SSS,
summed stress score; TID, transient ischemic dilatation.



* CAG BL O CCTA FlT A

BHINEEREILOTZD, 8D VIEFTREOHE TR CAG £ 7213 CCTA Z JEfT L7,
CCTA FafTHl% 42 . CAG JifTHll% 49 Bl Th - 7=, A E 72 CAD %R - fEFIE IS L UMAE
AR 3T, 38 HlTAEREIIRAE A B O o 72, 28 il (LAD, 42.9%; LCX,
25.0%; RCA, 32.1%) 1% 1 KR Z8, 1241 (LAD & RCA, 16.7%; LAD & LCX, 25.0%; LCX &
RCA, 58.3%) 2 A0RZ, 13 Blld 3 AL E 7138 ERERAZH LTz,

#3

Table 3. Number of Vessels With Coronary Artery Disease

No coronary artery disease n=38

1 vessel disease n=28 (%)
LAD 12 (42.9)
LCX 7 (25.0)
RCA 9 (32.1)

2 vessel disease n=12 (%)
LAD and RCA 2(16.7)
LAD and LCX 3 (25.0)
LCX and RCA 7 (58.3)

3 vessel or LMT disease n=13

Data are presented as n (%). LAD, left anterior descending coro-
nary artery; LCX, left circumflex coronary artery; LMT, left main
trunk coronary artery; RCA, right coronary artery.

A MPS TiE SDS : 0-3 AIEF#iPH, SDS : 4-7 MNEEFEEFRE . SDS : 8-11 AR FLF
SDS>12 T ERFIZHET 25 2 L% <. SDS O#PHBIOIER S A ~7 &, 2<SDS<7 I
B D 0-1 BIRARET 24 6], ZHIRARNT 1261 TH 72, 0<SDS<I (ZFIT 5 0-1 KRRt
X366, ZARERHLIBITH 72, F7- 8<SDSIZEIT D 0-1 FmARET 6 I, ZAIRE
Hix1opcho7,

R R X OMiREZ bR
i R 36 K OMREC IR Ot B DWW T, 1 RTE ORERFF, 2 [BIH ORERFRH, R
MG & HICEHEIRARE L 0-1 FBE CAEREITRO b hr->7 (9.9.05[8.05,10.0] vs 9.13
[8.01, 10.81]; p=ns, 9.90 [9.05, 13.66] vs 12.20 [9.13, 14.89]; p = ns and 81.0 [76, 104.0] vs 96.5
[79, 112.5], p =ns)



-+ WR AT i
WR OHFRAE L, EDLEAERO WR & EFE LTz, ZHRARED WR FFREIE 0-1 BRI b
_EREITE o7z (2.8 vs. 11.7%/h, P<0.0001) (%] 2), ROC fRHTIZ K 5 ZERZREAR] D
728D WR # M A 7 HIL 6.2%Mh & HH S L2728, 7%/ Kt & 2R AR & e %
01T WR O T & EFE L72(K 3), WR 28 7%/h Kiili T D8 DL HIRAEREZ M OJE L
FRELEEIL, ZNEN T6%E T1% Tholz, £io, 3IBIREICIIT S WR OHRAET 0 B9
78 b el UL IR 2 7~ L72(3.26% vs 16.0%, P<0.0001),

2
p <0.0001

WR |
(%/h) E—

30

20

11.7 [4.7, 18.9] i
10 A
2.8 [-0.5, 6.2]
0 .
0-1 vessel group Multi-vessel group

Figure2. Comparison of #'TI WR between the U-1 vessel
and multi-vessel groups. WR, washout rate.
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Figure 3. Cut-off value for 29'T| WR for the detection of CAD
in the multi-vessel group disease using a receiver operating
characteristic curve (ROC) analysis. AUC, area under the
curve; WR, washout rate.

WR OAX T & 7 (XM iia bl (SDS) (2 & 2 2w AEREOHIBINZ V2 ROC T & & 4 12R
F, SDS &kl L7 WR DI FiE, BEOEMEZ BV TEHERAROBKICAHTH
S>7cH (2=SDS=7, P<0.05), BIOY 7> N TIEEOBZEHEREIIH A B TR0
o7, BT, WRIKTIX, BERECBITDIZEHRAZHIC—EH L CREWVWZEmEEZ R L
7=
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Table 4. AUCs in ROC Analyses
AUC P value

WR <7%/h vs. 2< SDS =4 0.736 vs. 0.504 <0.01
WR <7%/h vs. 2< SDS <5 0.736 vs. 0.508 <0.01
WR <7%/h vs. 2< SDS <6 0.736 vs. 0.513 <0.01
WR <7%/h vs. 2< SDS <7 0.736 vs. 0.558 <0.05
WR <7%/h vs. 2< SDS <8 0.736 vs. 0.583 ns
WR <7%/h vs. 2< SDS <9 0.736 vs. 0.623 ns
WR <7%f/h vs. 2< SDS =10 0.736 vs. 0.643 ns
WR <7%/h vs. 2= SDS =11 0.736 vs. 0.663 ns
WR <7%/h vs. 2< SDS =12 0.736 vs. 0.695 ns

AUC, area under the curve; ns, not significant; ROC, receiver
operating characteristic; WR, washout rate.

- ARESES
70 M, FTAEMERRLE T RN B0 ASERIZ 23T C A2 SEAiTRE R LB BE oD i I
(SDS=3) %= (K4, KH), 2 TIO WRIZ4.9%Mh LK< CAG TiE 3 BIRA %R
®7= (LAD seg. 6; 90% stenosis, LCX seg. 13; 99% stenosis and RCA seg. 4AV ; 90%5£42) ,
4

(A) (8)

Stress 2017

Rest 9™Tc

Stress 2017
Rest 99mT¢
Stress 201T|

Rest #*™Tc

Figure 4. Representative case. (A) Stress-induced ischemic myocardium in the left anterior descending coronary artery (white
arrows) in short, vertical long and horizontal slices. (B) Upper, stenosis in the left anterior descending coronary artery and left
circumflex coronary artery stenosis; Lower, stenosis in the right coronary artery stenosis (red arrows).
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ER

Fex OIMBIRY . AHFFEIL D-SPECT @ SDI 7’11 k == —/LC WRAK F oA A2 feGE L7-
RO TH 5D, MO O Mt & iz LT, 2" TIWR OfK T i, &EOE M EE
IZBWTEAIRERED CAD O H A WET 52 LTI LTz, E6I12, R4WTTRT XD
(2 SDS HUMAT L AUC MKV (2=SDS=4 ? 0.504 7>5 2=SDS=7 D 0558 £T) Z &
MO IIND X OIS, MRaHG 721 CIEREE O i B DL BN AR IZI1T 5 CAD @
BRI+ 72 RN B 5.

ZAIRAERED 0TI WR AT, AAFFETIX 2.8%/h TH Y, Lipio#E (10.6%/h) X
D BRIz, 10 DITIWR DA v b A 7L 7%/ R THIUE, 0-1 BB S ZAIRE
FEZ BRIRAYIZREAIS 2 Z L B ARECTH D, ik CAD X°/E F5pifh(left main trunk: LMT) %2
DRFEE LTRSS ND 2 & THH D, MFaEM & i L, 2 TIWR DT
O ZHELE T2, SDIETIZARE OFIEMZ L8 L CAMEET A >~ b—77E47 5 WR
FHHIE TORFMN 12K E ko7 a F a— L X0 bERRIZZR>TnD, LML TIO
WR O F 25 1 IRBAEAI T/ 7 A Y b —T1EF B I BB 1T DK FAKE
ST DT bND, 4TIy 7 RBEBIFHICE>TITO 2 MVIRLTWROD
FHETT D Z & TCWREHINCEIT DT Y X520 §25 2 LNAREE B2 D,

FIBEMOMNTIC L0, BREEIMN T 5 2<SDS<T DEFIL 36 T, TDHH 0 HBE
T 1261 (33%). 1 BRI 1261 (33%) . Zhc+LMT &1 1261 33%) FELT, %
72 2<SDS<7 \ZH1F % 0 BEFH O WR/h OB 16.0%., 1 BEFH O WR/MA X 3.4%, £1L
+LMT ® WR/ [ 2.6% Th -7z, ZOORERIMAIZIBWTIE, 1 BIREEE TH WR
DIR T RA B EEAR M & U CTHERREE 52 615,

Berman & [ZLART, /£ F#ET CAD O OHF AMEZ@E Lz, V5 OM%E Tk, Ao
FOEBRH R, HEEEROMFREE, 74 Y b —7Olfi~OB 0 AN, BEHESh 55
TID e E F@RIRAEDOREOFER /T A—4 L &, HEHTXE(L, Berman 5374
B IRE 201 T/ A M IRf ©°mTe-MIBI planar imaging % N CTZZEREED 20T D fifi~DHL Y IA F %2 FEAM
LTS Z L THLINANIZETIT, EE@HEERETZT T, 28 CAD OBHIIXT 5
21T WR DA T DA AMEZ et LTz,
21T WR O FIAER AR S L imEDOWME TR Z Li1X, UTOXHIZHHATE S, (1)
SPECT 7’12 h 2—/LDiE\ (SDI 7’2 ha— /L CiEP"Te vV 4 > RUMNL OITI Y 4 Ry
~DZ AN =7 FERLE) | (2) REHEIREOEY (B REAEE 1EH & 2EEHO
WITIWR VNEL 2 B), GQYRET 2R 2—2 a UHIEIC X 5 97Te A EA 72
WV (4) ARBFE TR A SRR AT O A O (R CIIEE &, 8 PRaR M AR o i
FEEte), 100 EEAMRBRIIERE ST LA VEEITIIRETH D720, milE
YR CIIMAE IR AR E IR E L UTo CTRY, @&zl v@EL b
AREMEN B D, FIIEBN AR & R ATIC LD CAD BRI EIXRS L ST Y, KA
AL & ERA R & B L7 5AIC, @B DSV EARICEB W TITAR A T ITnT b
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WG S B 0 IR ER O 7 3 EEEER Tl 1203 % ST ARNRHIE < 2o TE T
5o LIEN- T, MAEEMARRERTD O 0TI WR 1L, EEAMRBRZITIOHALV L E
HLCHDHLRMENRH D, £z, MEILEAMRET O WR I35 ML F#H#E(Coronary flow
reserve: CFR) EFHBE N B 5 Z E N SN TH Y . CFR O PRNCITEB AR L 0 & &
AL CWA AR S 5, 7

VAR OMFSE T Sharir H 1%, AR SIHEREIL T & TID O B2 2k CAD & /& Fwp
WAEOZMNCHEH TH D LA LTI, AFETIEZND OFEITW T b A EEIZ
ROBNIeM Tz, X AffRe/EEERINE (LVEF), Z##F LVEF, AEF, TID HI3ZHht
EO- 1 EBEDORI CHEZ TR o7, ZOHB L LTI, AMFEOTRCTORERT T/
VUEANC L D MEBIRME AR A2 Z T 0D E B2 O D, MAE TR AT IS BRI
Z IS CFR DWW E MG+ 2 —J7 . BBV TOMEML A & b 2 8% O KHE.O
LT HET 2R TN =D B X Hvd, Xu b, ER F 72 I8 E o Mg o 8
FHREZH A, PEENDOHEEOMFTET OBFRETILTID 28 L VBB S & WwiE
LTW5, 2 L7zdio T, MEIEEEAR A0 > 2546 WR OHJIEITAEF <° TID b &
D &2 CAD O AR5 L 72 D ATREMED B 5

F2ITHBWT, SRS OHFRIEN 0 TH-> T, ZHIFEREL 0-1 HFRARETIIAEZEN
botz, ZARETIZ 25 BIH 1461 (56%) . 0-1 BEEETIE 66 1 61 451 (92%) 7% SRS=0 T
B TIEIBEIREROBERNAEICD VW en L bbb,

AHFFETIE, WR<0%/Mh DEFITF 124 THY ., 205 H 4415 0-1 Ko, 8 41X
WERETH -T2, SHIRERED 8L4IZOVWTIEL, ZHETOHEND AD WR L, HEIR
DIRFENEETH D ZEDTRBIND EORENRDH D, LIER->T, BHFITAD WRITZE
BeypiZ owfiBhizli & LCTHERTH D, 0-1 BBED 4 il 2 5l ClE, ZLHHIREERT C 2™ Te-MIBI
ZhL—H—L LU THAL, DAMERENRD b7, P"Te-MIBI ORIE AL, ZEFFREITO
NEREZEZ T2 ERHEINTND I ETHD, 9T HANIAFILE RSP S N5 72
D, DB B L TEVDANERE AR Z TR B D, KRFREO I T ™ Te-MIBI O
DB A~DELY AZ L, SDI 71 b =2—/L D 0TI OATRED A 7 > b &L A REMEN &
%, FEBE. Johansen &, PMTc DALY IABZ DB D555 L WEE® 1 [BIH & 2BHO
MFEEEAG TOZELD 201 TI O WRIZFEET HAMREMNNH D Z L2 ME L TV D, 2

ZORFED S H —ODEERRERIT, BEORMAZIZB VT, 2TIWR O TR
JiZE CAD OZWIC A ThHh o722 &L Th D, TEEN L HEEORIMEE ITRHIER O M
MEEZ /R L, ZIUXLARSEIREDOFEEZRRT 5, OF0 ., TEENDEEOEME
FH BT SDS Z AW 72 MRl T DL EIRZ CAD OZ e MENTE Y . SDS 3
B2 R T1E ESAIRAE CAD OZWIEN R 725, LovL, ZEIRZERED CAD OAF(E41#
INEFAR L 72N 72012 iE, BRI ARE 2B W T 2O TIWR O T &0 5 AL ) T
L2 L, FEEN S EEORMAHE (SDS=8) L0 & BE/AKEZ R 0E Lk
VY,
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FEF ORI CTRERED PCLEOH EIZM b0 o722 LD, SDS ORI A
T ANAEL B AREMEITEE TE RV, N T AL SDS @ 2D FIZmmn o Z EnEx
HAVHA, SDS MRV (BEEMA) 1BV T WR & DB THEENH TS Z &
"6, WROFHANIFEREEZ 2615,

MPS TliEH ., #IREN LD 2 ERERIRRGITHEE S Cunianas, 8T o~
A AFNIT o~ BRI DIREDR @ T2D, WEROT =T~ T A Z L LT,
SDI 7' m b = —) L&A 4% 2 & TIRPLR, FRH COHGE A R CTh D, 2016 F-12 E i
ENEFAEICED & BARIZEIT D 0T & 9Te OFHRITH 1 : 1T, BCKIZH~TH
RKTITOTIOFIHENFE Y, 2 200T1 § T HRFRAYZRIEAFITZA, 20THE PnTe & ek L
THEREHNAR . BIE< EQENT 208 TH D, —F7, MBI TIE. DA
BIEMEA B L DHHER S WD RHEENREWZ ERFH LA TN S, 2

IAEA Nuclear Cardiology Protocols Cross-Sectional Study (INCAPS) #f4CIZ X 5 &, #RiRE
b D721, I THE 70 3R O BE I TR & Tidn, ¥ £z, KEO
P P E, TR CTOMAE T 50% L EOBIREE | A H2) ImSv LA FIZT 5 2 & %24
FLTWD, 2 UL, PEERT L~ A ZIEEEEED T2 01T 0> B O g &%
KT 5 Z ENARETH D, SDI 7' 1k a— Lo/ MEMA &L, 2'TI 50MBq, *"Tc
125MBq T, G&F 8.0mSVRATH Y, ZOWIREEIL IMSV LT TH D, 4%, KEITST
TOTIOFGEEZFEST L2 LN TEL, SHICHITSBRELZEHTE L7 —AHHT
< Db Ly,

- WFFEDRRSR
WR OFFHIFHIE (%/Mh) ([ZOWTIE, RO VT &2 Hniaf A=Y 77 a faL T3
~4A R ORBREIR CTH o723, SDI 7 1 b =2 — LTIk 1.3~ 1.7 Reft] & R IR 23 ifE =
b, PHERIMVED O~ I TIOBENI T R Y UL« U U AF v XU Ko THIE S
ALTWD Y, Z ORI RN LB ML AR IZ 3 5 21T WR OZh R %+ 12t
THZENTERWARRERH D, 8 REER CAG 123\ T fractional flow reserve % FHV T
FEAT = 41 2 BERERDREIIRER A2 13, MRS PR AE L R 556036 5, Ll DiCarli b
I, MEPLIEA & AR e WrkEik (positron emission tomography: PET) CREAM L 7= fifg] %
B MeZE & CFR OB A G L Tn5, 7 Lo T, ff 7R EEhRpA2 I3, #%
REANRE I DRI I ZA T2 ST %,

ZHFIRHET T O M Te-MIBLE =13, ZEGRZCHE 25 B 4 41, 0-1 BHF 66 Bil 25 fil
(16% vs 38%. P=ns) ThH o7z, *"Tc DLAMERIE, 0-1 BAEDEH D 2'TI D WR AL
L. WROZEEIZKETLHAEEMERH D (K2), WR ZHET L7 iERBEEE Ch 5
Anger BT L~ 91 A T % I T WFZE & I3 7o tUi N L o 7o, £ OFH & L TlED
WEN T T F— B2 W THRF L T D8 TH 0 | ORI 2 2 E ERIHE L CTZE o
RMZE T WR ZBRE LI EDNE ST Z R BIT HD,
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