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Abstract

Background A new image reconstruction process termed the MUS method (masking process on unsmoothed images) was
developed to eliminate artifacts, especially those in the inferior wall. We compared diagnostic performance between the
MUS and conventional method in stress myocardial perfusion SPECT (MPS).

Methods Enrolled were 126 patients who underwent stress-rest MPS with *° ™ Tc-MIBI. Patients were divided into two
groups: 91 with <50% stenosis in the RCA or LCX (non-ischemia group) and 35 patients with >90% stenosis or FFR-positive
in the RCA (ischemia group), according to coronary CT or coronary angiography within 3 months of MPS. Ischemic heart
disease (IHD) was considered positive when the summed difference score of five segments corresponding to the inferior
wall region was > 2.

Results Sensitivity was comparable between the MUS method and the conventional method (ordered subset expectation
maximization; OSEM) (51% vs 54%, respectively; (p=0.366), specificity was significantly higher using the MUS method
(87% vs 77%, respectively; p<0.05), and diagnostic performance was higher using the MUS method (area under curve
[AUC], conventional 0.61 vs. MUS 0.69, p=0.138). In evaluation of 87 patients after excluding 39 who received additional
prone imaging, sensitivity using the MUS method was 44%, which was comparable to 44% using the conventional method
but specificity was 90%, which was significantly higher than 77% using the conventional method (p < 0.05). The diagnostic
performance of the MUS method was higher (AUC, conventional 0.60 vs. MUS 0.67, p=0.185).

Conclusion Use of the MUS method improved specificity in diagnosis of IHD while maintaining sensitivity, compared with
the conventional method. The MUS method can achieve an improvement in diagnostic accuracy equivalent to the supine
position, particularly in patients who have difficulty performing the prone position, without increasing the patient burden.

Keywords MUS - SPECT - Image reconstruction

Introduction

Stress myocardial perfusion scintigraphy (MPS) permits
non-invasive assessment of ischemia and is widely used for
the diagnosis of coronary artery disease. Western guide-
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the myocardial count and causes artifact. This phenomenon
is observed relatively frequently with high-energy Tc prepa-
rations and often causes a decline in diagnostic performance,
particularly in the inferior wall [4, 5].

To prevent this artifact, additional imaging in the prone
position [6] and attenuation correction (AC) have been
implemented with single photon emission computerized
tomography/computed tomography (SPECT/CT) [7], in
addition to image reconstruction using the ordered subset
expectation maximization (OSEM) method. Several stud-
ies have reported improvements in diagnostic accuracy by
the addition of prone imaging [4, 8, 9]. However, additional
prone imaging can only be applied in limited cases because
it prolongs the examination time and it can be difficult to
perform depending on the patient’s condition.

CardioMUSk (masking process on unsmoothed images;
MUS method, PDRadiopharma Inc., Tokyo, Japan) has
recently been developed as a new image processing flow
[10]. The processing flow in this method is characterized
by first extracting the myocardium alone by masking, after
which smoothing is performed, which suppresses the effects
of subdiaphragmatic high activity (Fig. 1). Accordingly, no
new imaging needs to be added in adoption of this method.
Although suppression of subdiaphragmatic effects on the
myocardium has been reported in phantom experiments
[10, 11], there are no reports regarding the usefulness of
this image processing flow for improving clinical diagnostic
performance. Therefore, the aim of the present study was
to compare diagnostic performance of inferior wall imag-
ing between the MUS method and the conventional method
in patients with no stenosis > 50% or with ischemia in the
inferior wall region.

Conventional method MUS method
Reconstruction Reconstruction
y
Smoothing Reformat
A4 \ 4
Reformat Masking
A\ 4
Masking Smoothing

Fig.1 Comparison of processing flow between conventional and
MUS methods

Materials and methods
Patient population

The subjects of this retrospective study were 126 con-
secutive patients who underwent stress myocardial per-
fusion scintigraphy using a Tc-sestamibi (MIBI, PDRa-
diopharma) preparation between 1 April 2017 and 30
June 2021. Of the 126 patients, 91 had no stenosis > 50%
in either the right coronary artery (RCA) or the left cir-
cumflex artery (LCX) on coronary computed tomography
angiography (CCTA) or coronary angiography (CAG)
performed within 3 months before or after the examina-
tion (ischemia-negative group) and 35 had >90% steno-
sis or were positive for fractional flow reserve (FFR) in
the RCA (ischemia-positive group) (Fig. 2). FFR refers
only to invasive FFR performed during coronary angi-
ography and does not include FFRct. Patients who had
non-dominant RCA were excluded. Image reconstruction
was performed using either the conventional method, with
data reconstructed using either the filtered back projection
(FBP) method as originally employed in our hospital or
by the OSEM method (with the reconstructed data listed
separately) or using the MUS method. Diagnostic perfor-
mance in the inferior wall region was compared among
the methods.

The present study was approved by the Institutional
Medical Ethics Committee and complies with the Dec-
laration of Helsinki. The need for informed consent was
waived due to the retrospective nature of the analysis.

MPS acquisition

The normal stress-first one-day protocol was adopted.
As the RI preparation, * ™ Tc-MIBI was administered at
260-370 MBq during stress and at 520-590 MBq during
rest. The stress test was performed using an ergometer in
compliance with the modified Bruce protocol with the RI
preparation injected about 2 min before the end of exercise.
If stress loading was judged not to be tolerated, it was sub-
stituted by pharmacological loading by intravenous adminis-
tration of adenosine (120 pg/kg/m). Imaging was performed
approximately 30 min after the RI injection. Whether addi-
tional imaging in the prone position should be performed
was judged by a cardiologist and a nuclear medicine tech-
nologist according to the degree of extracardiac accumula-
tion in the stress scintigrams and whether the patient could
maintain the prone position. Images obtained in the prone
position were acquired immediately after the normal stress
image acquisition, and the images taken in the supine posi-
tion were also reconstructed using the MUS method.
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Fig.2 Flow chart of target
patients. There were 661
patients who underwent stress
myocardial perfusion scintigra-
phy with Tc-MIBI preparations
between April 1, 2017 and June

Perfusion SPECT MPS

30, 2021. Of these, 200 patients
had coronary computed tomog-
raphy angiography (CCTA) or
angiography within 3 months

using Tc-MIBI
n=661
- Not performed
CCTA or CAG
Excluded 5| - Performed CABG
n=461
v

before or after the examination
date. Of these, 15 cases with
missing data or difficult image
evaluation were excluded. 91
patients without more than 50%

CCTA or CAG performed within 3 months
before or after the MPS

n=200

stenosis in the right coronary
artery (RCA) or left circumflex
coronary artery (LCX) were
defined as ischemia-negative
group. 35 patients with more
than 90% stenosis in the RCA or

Not meet
the following criteria
n=59

Excluded

- Data unavailable
- Poor imaging of CCTA
n=15

Excluded

\ 4

positive fractional flow reserve

(FFR) were defined as ischemia-
positive group

n=91

ischemia-negative group
(RCA or LCX =50%)

ischemia-positive group
(RCA 290% or FFR <0.8)
n=35

Images were acquired using the Symbia S (Siemens
Healthcare, Erlangen, Germany) SPECT system with a
low-energy, high-resolution collimator. Data were col-
lected with a matrix size of 64 X 6 pixels (enlargement
rate: 1.45, pixel size: 6.6 mm) using the step and shoot
method (6°/step, 60 view) with a radius of rotation of
25 cm. Imaging was performed at 28 s/view during load-
ing and at 21 s/view during rest.

MPS processing

Images were processed by enlarged reconstruction (pixel
size: 3.3 mm) using FBP with a pre-treatment Butterworth
filter (cutoff: 0.42 cycles/cm, order: 8) in the FBP method;
by enlarged reconstruction (pixel size: 3.3 mm) with colli-
mator aperture correction using OSEM (Flash3D) (OSEM
with 3D collimator beam modeling and optional AC) with
a post-treatment Gaussian filter (FWHM: 13 mm) in the
OSEM method; and by enlarged reconstruction (pixel size:
3.3 mm) with collimator aperture correction using OSEM
(Flash3D) with a post-treatment Gaussian filter (FWHM:
13 mm) in the MUS method. Post-treatment filtration was
performed after oblique imaging.

MUS method

The masking process on unsmoothed images (MUS method)
is a new image reconstruction flow devised by Komuro et al.

@ Springer

for the purpose of improving image quality, and is based on
suppression of artifacts caused by subdiaphragmatic accu-
mulation. It is characterized by a masking process in which
the myocardium alone is extracted prior to the smooth-
ing process [10, 11]. In the masking process of the MUS
method, the myocardial region is extracted by placement
of a three-dimensional ellipsoid that surrounds the myocar-
dium alone (not including subdiaphragmatic high activity)
on reformed but unsmoothed horizontal long axis, vertical
long axis, and short axis images. The effect of subdiaphrag-
matic accumulation on the inferior wall of the myocardium
is suppressed by smoothing the extracted image. As a tech-
nical note, we adapted the MUS method by first manually
changing the program order from the usual analysis flow
and set the smoothing process to be performed last. No new
equipment or additional processing was required.

Image analyses

An experienced reader not informed of the results of CCTA
or CAG interpreted the MPS images according to the Ameri-
can Society of Nuclear Cardiology Guidelines for Reporting
[12]. Segment analysis was performed by visual evaluation
of five segments (Areas 3, 4, 9, 10, and 15 in the 17-seg-
ment model shown in Fig. 3) in the inferior wall region that
are prone to artifact due to extracardiac accumulation. The
severity of perfusion abnormalities was evaluated visually
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Fig.3 17-segment model were classified into three areas; LAD
area (1,2,7,8,13,14,17), RCA area (3,4,9,10,15) and LCX area
(5,6,11,12,16)

using a 5-point scale. Ischemia was judged to be positive
when the summed difference score (SDS) was >2.

Artifacts

To check the degree of artifact due to scattered radiation
from extracardiac accumulations or the effect of partial vol-
ume effect (PVE) caused by blurring, artifact was evalu-
ated using a 3-point scale, as follows. No artifact or minimal
unassessable artifact was graded as 0, extracardiac accumu-
lation that had no contact with the myocardium was graded
as 1, and accumulation in contact with and inseparable from
the myocardium was graded as 2 (Fig. 4).

Grade 1

Fig.4 Example of grading of extra-cardiac artifacts

Coronary angiography

The degree of stenosis detected by CCTA or CAG per-
formed within 3 months of MPS was evaluated visually by
an experienced cardiologist who was blinded to the results
of scintigraphy. Ischemia was judged to be negative when
the degree of stenosis was <50% in both the RCA and LCX.
Ischemia was judged to be positive if there was >90% steno-
sis or if the FFR was <0.8 in the RCA.

Reproducibility analysis

To evaluate inter-observer reproducibility of MPS, images of
all 126 patients were rated by two experienced readers using
a 5-point scale concerning five segments corresponding to
the RCA. Images reconstructed using the conventional and
the MUS methods were rated. Both readers performed the
evaluation using the same method, and the degree of coin-
cidence in SDS score was examined.

Statistical analysis

The numerical data of variables showing normal distribution
are expressed as the mean =+ standard deviation, those of var-
iables showing non-normal distribution as the median and
inter-quartile range, and categorical variables as the num-
ber (and percentage) of patients in each group. Diagnostic
performance was evaluated by calculating the sensitivity,
specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), and area under the receiver-operating
characteristic curve (AUC) by receiver-operating character-
istic (ROC) analysis. Differences in sensitivity and specific-
ity between the conventional and MUS methods were com-
pared using the McNemar test [13, 14]. AUC was compared
using the DeLong test [15]. The diagnostic coincidence
rate between the two raters was evaluated using the k coef-
ficient. All statistical tests were two-tailed, and P < 0.05 was

Grade 2
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regarded as significant. Calculations were performed using
JMP Pro 14.2 (SAS Institute Inc., Cary, NC, USA).

Results
Baseline characteristics

Prone imaging was added in 39 (31%) of the 126 patients.

The mean age of all subjects was 69 + 12 years, and 70%
were males (Table 1). Coronary risk factors are shown in
Table 1. Pretest probability according to the 2019 ESC
Guidelines was 21.4+12.3% [1]. Extracardiac accumula-
tion was observed in 92 (72%) patients.

The coronary artery was evaluated within 3 months
by CAG in 89 (70%) patients and by CCTA in 59 (46%).
There was no disagreement in diagnosis in any patient who
underwent both examinations. In total, 35 patients were

determined to be positive for ischemia, of which 34 diag-
noses were determined based on stenosis and 1 on FFR.
The results of CAG were considered true if the CCTA was
unassessable.

Patient groups were also compared according to whether
or not imaging was performed in the prone position
(Table 1). Patients who underwent imaging in the prone
position were more likely to be male and have higher PTP
scores and previous myocardial infarction compared with
those that did not.

Comparison of diagnostic performance
between the conventional method and MUS method

Ischemia was defined as negative when stenosis was <50%
in the RCA and LCX and as positive when there was >90%
stenosis or when FFR was <0.8 in the RCA. According
to these definitions, the sensitivity and specificity of the

Table 1 Study population

L Variables Entire cohort (n = 126) Prone p
characteristics
— (n=287) + (n=39)

Clinical characteristics
Age, years 69.0 + 12.3 69.0+12.1 70.4+9.5 0.52
Male, n (%) 89 (70) 55 (63) 33 (85) 0.02
BMI, kg/m? 24.1+4.0 24.1 +£4.1 24.0+3.7 0.78
Hypertension, n (%) 85 (67) 55 (63) 30 (77) 0.15
Diabetes mellitus, n (%) 47 (37) 28 (32) 19 (49) 0.11
Dyslipidemia, n (%) 81 (64) 56 (64) 25 (64) 1.00
Family history of CAD, n (%) 35(28) 26 (30) 9(23) 0.52
Baseline laboratory findings
Hemoglobin Alc (%) 6.38 + 1.1 6.28 + 1.1 6.6 + 1.1 0.15
Pre test probability

PTP ESC 2020 (%) 214 +12.3 19.8 +11.6 250+ 13.2 0.03
Stress test

Exercise, n (%) 10 (8) 6(7) 4 (10) 1.00
Artifact

Extra cardiac artifacts, n (%) 65 (72) 61 (70) 30 (77) 0.52

Grade 0, n (%) 35(28) 26 (30) 9 (23)

Grade 1, n (%) 57 (45) 39 (45) 18 (46)

Grade 2, n (%) 34 (27) 22 (25) 12 (31)
Previous cardiac events

Myocardial infarction, n (%) 27 (21) 14 (16) 13 (33) 0.04

LAD resion, n (%) 17 (13) 9 (10) 8 (21)

LCX resion, n (%) 10 (8) 5(6) 5(13)

RCA resion, n (%) 0(0) 0(0) 0(0)

PCI, n (%) 31 (24) 19 (22) 12 (31) 0.37
Ischemia
Positive, n (%) 35 (28) 16 (18) 19 (49)
Negative, n (%) 91 (72) 71 (82) 20 (51)

BMI body mass index, HbAIc hemoglobin Alc, LAD left anterior descending artery, LCX left circumflex
artery, RCA right coronary artery, PCI percutaneous coronary intervention
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Table 2 Diagnostic accuracy of the Conventional (OSEM) and the
MUS method in all patients

Sensitivity  Specificity PPV (%) NPV (%)
(%) (%) 95% CI)  (95% CI)
(95% CI) (95% CI)
Conven- 45.7 75.8 42.1 78.4
tional (41.6-50.4) (68.5-83.5) (33.5-50.6) (71.2-85.6)
(FBP)
Conven- 543 76.9 43.2 78.7
tional (45.6-63.0) (64.1-89.7) (34.6-51.8) (71.6-85.8)
(OSEM)
MUS 51.4 86.8 58.6 81.4
(42.3-59.7)  (81.1-92.9) (50.0-67.2) (74.6-88.2)

FBP and OSEM methods were 45.7% (95% confidence
interval [CI]: 41.6-50.4) vs 54.3% (45.6—63.0) and 75.8%
(68.5-83.5) vs 76.9% (64.1-89.7), respectively. Sensitivity
using the OSEM method (54%) was comparable to that using
the FBP method (46%) (p=1.00), and specificity using the
OSEM method (79%) was comparable to that using the FBP
method (76%) (p=0.763). The AUC of the OSEM method
was 0.61 (95%CI 0.52-0.70), which was comparable to that
of the FBP method (p=0.873). Using the MUS method,
sensitivity was 51.4% (95% CI: 42.3-59.7) and specificity
was 86.8% (81.1-92.9) (Table 2).

Comparing diagnostic performance between the MUS
and OSEM methods, sensitivity was comparable between
the methods (51% vs 54%, p=0.366), whereas specificity
was significantly higher using the MUS method (87% vs
77%, p<0.05). Figure 5 shows ROC curves for the OSEM
and MUS methods. AUC using the MUS method was 0.69
(95%CI: 0.59-0.77), which was higher than that using the
OSEM method, 0.61 (95%CI: 0.52-0.70), but the difference
was not significant (p=0.138). Use of the MUS method
resulted in a change in diagnosis from false positive to neg-
ative in 14 patients (11%) in the ischemia-negative group
(Fig. 6).

After excluding the 39 patients who received additional
prone imaging, evaluation of the remaining 87 patients
showed sensitivity and specificity for the FBP and OSEM
methods of 43.8% (95% CI: 35.3-52.7) vs 43.8% (35.3-52.7)
and 74.6% (67.4-82.6) vs 76.9% (68.0-85.8), respectively.
Sensitivity using the OSEM method (44%) was comparable
to that using the FBP method (44%) (p=1.00), and specific-
ity using the OSEM method (77%) was also comparable to
that using the FBP method (75%) (p=0.763). The AUC of
the OSEM method was 0.60 (95%CI 0.46-0.72), which was
comparable to that of the FBP method (p=0.891).

Comparing diagnostic performance between the OSEM
and MUS methods, sensitivity using the MUS method was
43.8% (95% CI: 35.3-52.7), which was comparable to that
using the OSEM method (44%) (p=1.000). Specificity
was 90.0% (84.8-95.2) using the MUS method, which was

1.00

0.80

0.60

Sensitivity

0.40

— MUS

0.20 '
— Conventional
(OSEM)
0.00
0.00 0.20 0.40 0.60 0.80 1.00
1-Specificity

Fig.5 Receiver operating characteristic curves for the detection of
CAD in all patients (n=126). The AUC using the MUS method was
0.69 (95%CI 0.59-0.77), which was higher than that using the con-
ventional method (OSEM), 0.61 (95%CI 0.51-0.70), but the differ-
ence was not significant (p=0.132)

significantly higher than that using the OSEM method (77%)
(p<0.05) (Table 3). Figure 7 shows ROC curves for the
OSEM and MUS methods. AUC using the MUS method
was 0.67 (95%CI: 0.59-0.77), which was higher than that
using the OSEM method (0.60; 95%CI: 0.46-0.72), but the
difference was not significant (p=0.185).

Evaluation of the 39 patients who received additional
prone imaging showed sensitivity and specificity for the
FBP and OSEM methods of 47.4% (95% CI: 31.7-63.1)
vs 47.4% (31.7-63.1) and 80.0% (67.5-92.6) vs 80.0%
(67.5-92.6), respectively. Sensitivity using the OSEM
method (47%) was comparable to that using the FBP method
(47%) (p=1.000), and specificity using the OSEM method
(80%) was also comparable to that using the FBP method
(80%) (p=1.000). The AUC of the OSEM method was 0.64
(95%C1 0.48-0.77), which was comparable to that using the
FBP method (p=1.000).

Comparing diagnostic performance between the OSEM
and MUS methods, sensitivity using the MUS method was
73.7% (95% CI: 59.9-87.5), which was higher than that
using the OSEM method (47%) but the difference was not
significantly different (p =0.480). Specificity using the MUS
method was 85.0% (73.8-96.2), which was comparable to
that using the OSEM method (80%) (p=0.564) (Table 4).
Figure 8 shows ROC curves for the MUS and OSEM
methods. AUC using the MUS method was 0.79 (95%CI:
0.64-0.89), which was significantly higher than that using
the OSEM method (0.64; 95%CI: 0.48-0.77) (p=0.045).
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29 30

MUS method

Fig.6 Conventional and MUS method images of the same patient—stress study

Table 3 Diagnostic accuracy of the Conventional (OSEM) and the
MUS method in non-prone patients

Sensitivity Specificity PPV (%) NPV (%)
(%) (%) (95% CI) (95% CI)
(95% CI) (95% CI)
Conven- 43.8 74.6 28.0 85.4
tional (35.3-52.7) (67.4-82.6) (20.2-35.8) (79.2-91.6)
(FBP)
Conven- 43.8 76.9 29.2 85.7
tional (35.3-52.7) (68.0-85.8) (19.6-38.8) (78.3-93.1)
(OSEM)
MUS 43.8 90.0 50.0 87.7
(35.3-52.7) (84.8-95.2) (41.3-58.7) (82.0-93.4)

Reproducibility analysis
Regarding the degree of coincidence of the diagnosis, the

k coefficient was satisfactory using both the conventional
(0.81) and MUS (0.82) methods.

@ Springer

Discussion

Artifact due to extracardiac accumulation in stress MPS
is one of the major causes of decline in diagnostic perfor-
mance, particularly in the inferior wall region [16, 17]. The
recently developed MUS method mitigates such artifact.
Although based on our experience with only a small number
of cases, the present study is the first to compare diagnos-
tic accuracy between the conventional and MUS methods.
Compared with the conventional method, use of the MUS
method improved specificity with no change in sensitivity,
and this tendency was more notable in patients who did not
undergo prone imaging. In patients who did undergo prone
imaging, diagnostic performance was significantly improved
using the MUS method compared with the conventional
method.

In stress MPS using a Tc radiopharmaceutical, artifact
due to extracardiac accumulation was observed in approxi-
mately 70% of the total patients. The effects of extracardiac
accumulation include (1) an apparent relative decrease in
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Fig.7 Receiver operating characteristic curves for the detection of
CAD in prone patients (n=387). The AUC using the MUS method
was 0.67 (95%CI 0.59-0.77) and was higher than the value using the
conventional method (OSEM), 0.59 (95%CI 0.51-0.70), but the dif-
ference was not significant (p=0.132)

Table 4 Diagnostic accuracy of the Conventional (OSEM) and the
MUS method in prone patients

Sensitivity ~ Specificity PPV (%) NPV (%)
(%) (%) 95% CI)  (95% CI)
(95% CI) (95% CI)
Conven- 474 80.0 69.2 61.5
tional (31.7-63.1) (67.5-92.6) (54.7-83.7) (46.2-76.8)
(FBP)
Conven- 47.4 80.0 69.2 61.5
tional (31.7-63.1) (67.5-92.6) (54.7-83.7) (46.2-76.8)
(OSEM)
MUS 73.7 85.0 82.4 77.3
(59.9-87.5) (73.8-96.2) (70.5-94.4) (64.2-90.4)

the count of the entire myocardium due to a higher count of
extracardiac accumulation than the myocardial count, (2) a
decrease in the count of the inferior myocardial wall due to
extracardiac accumulation caused by the ramp filter in FBP,
and (3) an increase in the count in part of the inferior wall
and a decrease in the count in the surrounding areas of the
myocardium due to PVE caused by the effect of extracardiac
accumulation. To reduce these artifacts, measures such as
changing the display conditions and masking out areas other
than the myocardium concerning effect (1) and adoption of a
statistical image reconstruction method (OSEM) concerning
effect (2) have been tentatively used [18]. However, in effect
(3), PVE is enhanced by the smoothing process and is made
more prominent by AC, which increases the relative count of

0.80

0.60

Sensitivity

0.40

- MUS

0.20
— Conventional
(OSEM)
0.00
0.00 0.20 0.40 0.60 0.80 1.00
1-Specificity

Fig.8 Receiver operating characteristic curves for the detection of
CAD in non-prone patients (n=39). The MUS method, the AUC
was 0.79 (95%CI: 0.64-0.89) and was significantly higher than that
using the conventional method (OSEM), 0.64 (95%CI: 0.48-0.77)
(p=0.045)

extracardiac accumulation. Currently, the addition of prone
imaging is reported as a useful method for minimizing this
effect and improving the diagnostic accuracy [8, 9, 16, 17],
but it has the drawbacks of increased patient burden and the
limited number of patients for whom it can be applied.

The improvement in specificity using the MUS method
that was observed in the present study can be ascribed
largely to the suppression of the effect of PVE and artifact
associated with FBP among the effects of extracardiac accu-
mulation mentioned above, and a consequent decrease in
false positives. The MUS method can be implemented sim-
ply by changing the image processing method and the order
of processes from the conventional method, by extracting
the myocardial area first and performing image smoothing
next. Applying the smoothing process (which was originally
performed to reduce high-frequency noise) also to extracar-
diac accumulation affects the myocardial count and causes
artifact; however, by physically cutting extracardiac accumu-
lation before this process, its effect can be reduced. This is
considered to have prevented decreases in count occurring
around the near myocardium due to the PVE from extracar-
diac accumulation, and decreased the number of false posi-
tives accordingly. Furthermore, in this study, only OSEM
was used as the image reconstruction method in the MUS
method group. The OSEM method has advantages including
(1) less effect of radial artifact caused by extracardiac accu-
mulation, (2) good signal/noise ratio (S/N) in the low-count
region, and (3) the possibility of incorporation of absorption
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correction and scattered ray correction. However, the OSEM
method requires longer processing time compared with FBP
and depending on the conditions, the contrast ratio may
decrease and noise may increase. For these reasons, some
facilities, such as ours, have not adopted the OSEM method
[19]. In the MUS method, careful isolation of the myocar-
dium in reconstruction in the first step of the flow enables
the most effective reduction of artifact in the subsequent
smoothing process. Therefore, we consider that the initial
myocardial isolation can be achieved better by reconstruc-
tion using the OSEM method, which is less susceptible to
the effect of artifact than FBP, resulting in a greater improve-
ment in diagnostic performance. In this study, the change to
the OSEM method alone did not improve diagnostic per-
formance. Although the effect of artifacts was suppressed
compared to FBP, the effect of PVE due to extracardiac
accumulation was not suppressed, and thus the change in
the order of processing flow by the MUS method was con-
sidered to be of importance.

In this study, no difference in sensitivity was observed
between the conventional and MUS methods. We consider
that sensitivity did not improve for the reason that both
the MUS and OSEM methods contributed to reducing the
count due to extracardiac accumulation. Sensitivity was low
compared with specificity in the present study, possibly for
the reason that ischemia may not be inducible at stenosis
of >90%, depending on the site and morphology of the
stenosis.

Moreover, the improvement in specificity in the MUS
group compared with the conventional method group was
more notable in the patients who did not undergo prone
imaging than in the overall patients. Several studies have
reported that the accuracy of detection of coronary artery
disease (CAD) was improved by prone imaging in stress
myocardial perfusion scintigraphy [8, 9], and have reported
improvement in specificity from 67 to 84% by prone imaging
compared with supine imaging, particularly in the area sup-
plied by the RCA [5]. In our study, specificity in the MUS
group was 86.8% in all patients and 90.0% in patients who
did not undergo prone imaging. Tolerance of prone imag-
ing is limited by the patient’s condition because additional
imaging inevitably increases patient burden and prolongs the
examination time. However, the MUS method requires no
additional imaging and is expected to offer improved diag-
nostic performance in all patients compared with the con-
ventional method by shortening the examination time and
improving the efficiency of the workflow without increasing
patient burden.

Lastly, when comparison with the conventional method
was made in the 39 patients who underwent prone imaging,
diagnostic performance was significantly improved using
the MUS method. As masking is performed first in the
image processing procedure of the MUS method, masking
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is considered to be more accurate when the myocardium is
isolated from extracardiac accumulation, which contributes
to improved diagnostic performance. Prone imaging has the
advantages of inferior displacement of the diaphragm and
abdominal organs, compression of the precordial soft tis-
sues including breast tissues, anterior displacement of the
heart, and a decrease in the patient’s body movements [8],
which are considered to more clearly isolate the myocardium
from extracardiac accumulation and significantly improve
the diagnostic performance. Concerning the improvement
in sensitivity, prone imaging in particular may have caused
an additional decrease in accumulation due to the closeness
of the heart to the detector and the increase in the distance
of the heart from the diaphragm, but its concomitant use
with the MUS method may have contributed to the observed
decrease in accumulation by eliminating effects other than
artifacts. Although we did not select patients for this study
based on whether or not imaging could be performed in the
prone position, patient selection on this basis could have
better proven the usefulness of the MUS method. The pre-
sent findings suggest that diagnostic performance can be
most improved by combining the MUS method with prone
imaging.

Limitations

This study has several limitations. First, it was a single-
center retrospective study, and careful interpretation of the
results is necessary because of the small number of subjects.
Second, as the judgment of whether prone imaging should
be added was made by a cardiologist and a nuclear medi-
cine technologist after checking the stress scintigrams, there
may have been bias in the selection of patients. Third, the
presence or absence of ischemia was judged according to
the evaluation of stenosis of the epicardial coronary artery
alone, which may have resulted in underestimation of the
presence of microvascular CAD. Fourth, ischemia was deter-
mined as “Percent diameter stenosis >90% and FFR posi-
tive,” which is not always consistent with ischemia and may
underestimate or overestimate sensitivity.

Conclusion

Using the MUS method, the specificity of the diagnosis in
the inferior wall region could be improved while maintain-
ing sensitivity compared with the conventional method, and
diagnostic accuracy could be improved to that obtainable by
prone imaging in patients in whom prone imaging was dif-
ficult to perform. In addition, diagnostic accuracy was maxi-
mized by the addition of the MUS method to prone imaging.
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