EZFHAMT 41 : 431-441 (2021)

Ymre (LEFM A SPECT (C3 135
MERETEEBOXELNH TIFENDEE
B WICEIEBERZEEZ SO -AHMEDOM%ST

hE Y R OBRY mN #Y
PET R M RV AR !
A —RY ORI REEY I EEY

1) BHEEER G B

2) EEEREWEE SRR

8) W7 A v aELf R st

Devising a Method to Suppress the Effect
of Subdiaphragmatic High Activity in *""Tc Myocardial Perfusion SPECT
and Examining its Usefulness Including Image Reconstruction Method

Atsushi KOMUROD, Satomi TERAOKA3>, Yasushi ISHIKAWA3>,
Masanori TsuBoko', Mika Tanno", Kouichi Isaivor:”,

1 . . .
Kazuo Funakr", Jiro Izumipa”, Tomiyoshi Sarro?

1) Department of Radiology Shirakawa Kosei General Hospital,
2) Department of Cardiovascular internal medicine Shirakawa Kosei General Hospital,
3) FUJIFILM Toyama Chemical Co., Ltd.
(article received : Feb 24, 2021)

Summary

[Background] In *™Tc myocardial perfusion SPECT, smoothing often increases myocardial artifacts due
to subdiaphragmatic high activity near the heart.  [Purpose/Method] To reduce the effect of smoothing, we
developed a new process flow (MUS method) which includes extraction of myocardium by masking before
smoothing and evaluated its utility in combination with image reconstruction methods in terms of (1) SPECT
resolution; (2) the simulation with a myocardial phantom, and (3) difference between the conventional method
and the MUS method and (4) the stability in clinical images. [Results] (1) FWHM was 6.03 — 6.16 mm when
resolution recovery (RR) was added to iterative reconstruction, which was less than 50 % of that without
RR; (2) While the effect on images became greater as the radioactivity ratio (subdiaphragm/myocardium)
increased with the conventional method, the artifacts were less apparent when the MUS method was applied;
(3) Some segment out of 17 showed significant difference between the conventional methods and MUS
method regardless of the reconstruction methods and increased in combination with RR. (4) Some segments
out of 17 showed significant difference between 15 min and 45 min with the conventional methods regardless
of the reconstruction methods and 58.8 % of the segments showed difference when attenuation correction
(AC) and scatter correction (SC) were applied. Contrarily, no segments showed significant difference with the
MUS method with any reconstruction methods. [Conclusion] The MUS method can mitigate the effect of
subdiaphragmatic high activity in myocardial perfusion SPECT] especially when iterative reconstruction with

AC, SC, RR are applied.

Key words : SPECT/CT, Myocardial, MUS, Masking, Unsmoothing

431



=T LEF A SPECT IC & 1 SRS T oS BOFE+ MHT 3 FEOERL > VICEGBHERE 280 2RO (M2, i)

(=]

1. #&

99m e BIHI] (" Te-methoxyisobutylisonitrile (MIBI) ,
I e-tetrofosmin) - % FI W 72U L single photon
emission computed tomography (SPECT) AT TlE
TBUT AR R 5 i S FE BR A L DR SR L, THALAE A
SHRME N2 2%, SRR T O E R AN LR
DEFEAFAET B, BB T OmERIZL 2
Wig (7T—F 7727 ) 2N0E, FEICHERET O
BRI O TREIC B A TS LA S
nTwa, BEETORERICLET—F 77
7 b DU TEANOFZEIILT 0 2 MEHOZER A
LEAHND,

L, BRI T O =R D S OFE &
DEFRENROMEE LT, BT L 00 TED A
TIN5 THL, THUITEY, TEE
DEDXMzBCETWRMESSH ), L2 TEE
DSV REDNS F1 7 >~ METIZHZ 2 RS H 5
DHFILGE SPECT WEIIMET ) 4 A& &2 &
O, S GEERAIE ORI RICA L -V ¥ T
WILAFTH DS, AL—=D Y FMEEZTH T L TE
P11 X2 BRI O i S /Loy T RELZ K LTS
WENBRH SN 217,

A 21, MRE N OBERIEIERO T 1 VY
i IE 4% 529 (Filtered Back Projection : FBP) (2
L LGB T LH TEDS Y v 2T
KELUWHEED D Do ZIULTHER 7 14 )V 512
BHLZAN) =2 T7—=F7727 FHPERTS
D, BRI T7 1V & B 2 R T R A
Ji% (maximum likelihood-expectation maximization :
MLEM, ordered subsets-expectation maximization :
OSEM 7% &) TIX7—F 7 7 7 b HEHEn 5",

—73, SPECT BifEOWEDHLOJEK & LT
WEG, B, 9 A — & BIOERIARAE S % 22/ 5
EEDIRT AT S, SEMIEESFHVSNLSY,
U 59 IF (Attenuation Correction, AC) 2 1% I
Y ¥a—% —WiE#ks (Computed Tomography,
CT) # MW ORI 2 MR~ v 712k
LA 25805 0, FRICFEED 5 TEEPIET
D7y MEFHIE S, DHNOGANIL LD
Y12 2 SN D, BELHIE (Scatter
Correction, SC) |[JIZZANVF— 1 v FE2HEEK
axsE L, HEL 2 3EE L CEBD L D & LS

432

< Triple Energy Window (TEW) % Dual energy
window (DEW) 23X CFIH S, Ny 775w
YRD A XD T Do S HEREMIE (Resolution
Recovery, RR) 1ZIEARIH & M2 BigEIc X %
INEE e BT MLL, BT HOEAR M AaA
&2 & THIEZAT) BREBEDRH 5, UL

0 22 R RE AN B9 %

AWFFEIE, " Te B & F V> 7200 L SPECT
MEIZBWT, BEOAHEZES L, Al RE
AT 72012, BRI T OBERMAE L7726
TOZORE RIS T EHTE L8 L VEIRTT
LB 7 0 — 2 F R L, W{REMETE (FBP
&£ OSEM) B X UHIE (AC, SC, RR) %zl
AEHET, L7 7 v AR T Ok«
Tt U 7o 4520 % 265 LIUHRRIR L 2 2810 S ¥ Tl
L, ERPRE{G L B CE ORI R 2 MG L 72
2. 5 &

2-1. FHLUVESEBERNE 70—

Fig. 1 |2 SPECT/CT &2 B\ T— M IZAT
DTV L WG HHERLE 70— (EkE) &
A DEBEL 728 L BEHETRSOLE 7 0 — 2R
Fo L OERFHERLHE 70— 3 AL -T2 T
WELOFIZ~Y A v ZIEL L L CULH O &% i
TLMHAIT) T L 2R E LT b (Masking
process on unsmoothed images, LR, MUS #: ),
B, ZOFFEITEFITTEIE R CHSMIIER
TV,

MUS 5 TR Z#R L7z 26— v 7 LH
L TWZWKSEE I E {4 (Horizontal Long
Axis, HLA), & E & 8l B )= % (Vertical Long
Axis, VLA), J#fil#fE{% (Short Axis, SA) % H
WTHIFRIR T o R e & £ 0M 720 2 T &
9 7% 3IRTTI SR 2 3E L, (LERaT % fill
T 5o LET M LB RIS T AL -
Y URLBRIC XY AR T O m AR O L TR
12T B AT Ao MUS 3 ISHETY T {5 T
Wiz 52 & Tk %R 1 &R 2 O s %
WESHLIENTELEZZT,

2-2. {ERR - VI bhTT

EHZEEITERT AV — 50 EER (Low
Energy High Resolution, LEHR) 2V X — % % %
7 L 7= Siemens f1 # Symbia T6, 7 — % ALHL|Z



KEZFH A

Conventional method

Vol.41 No.4 (2021)

Reconstruction
(AC, SC, RR) g,
Smoothing f_)
Reformat ; g
Masking : 0

MUS method
Reconstruction F
(AC, SC, RR) :}
Reformat 2 O
C
Masking D O
Smoothing :: o

Fig. 1 Difference in processing flow between the conventional method and the MUS method
In the conventional method (left side), masking processing is performed after image reconstruction and

smoothing processing.

In the MUS method (right side), masking processing is performed after image

reconstruction and then smoothing processing is performed. The MUS method suppresses the effect
of subdiaphragmatic high activity on the inferior wall of the myocardium by performing a smoothing

process on the image obtained by extracting the myocardial part by masking processing.

AC: Attenuation Correction, SC: Scatter Correction, RR: Resolution Recovery
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Table 1 SPECT acquisition and reconstruction parameters
All studies (1-4) were performed under these conditions.

Acquisition
Collimator LEHR
Matrix size 128 X 128
Pixel size 3.3 mm
Number of view 60 views / 360 degree
Time per view about 30 sec *

* Mean of acquired myocardial count at anterior view obtained by 64 matrix number was 120. [counts/pixel]

Reconstruction
OSEM OSEM-RR OSEM-ACSCRR
Method FBP Iteration : 12 Iteration : 12 Iteration : 12
Subset : 6 Subset : 6 Subset : 6
Smoothine filter B(l)lrt(tg;wolréh Gaussian Gaussian Gaussian
g ; ’ FWHM: 13.2mm FWHM:13.2mm FWHM:13.2 mm
cutoft : 0.36 cycle/cm
Attenuation correction - - - X-CT
Scatter correction - - - DEW *
Resolution recovery - - + +
* Dual energy window
X-CT
kV 130
mA 50
Scan time of slice 1.5 sec
Slice thickness 5.0 mm
| |
Defect tip /i/i//7 Lung
*— | /
|
T Mediastinum
Cylindrical —
container [~ Myocardium
h\ Left ventricule
Liver —|

+— Stomach

Fig. 2 Structure of myocardial phantom
For the defect in the myocardium, a circular defect tip with a diameter of 2.0 cm was attached to the
center of the inferior wall. A polypropylene columnar container (luminal diameter 3.5 cm, length
10.0 cm, volume 100.0 mL) simulating subdiaphragmatic high activity was attached so as to be in close
contact with the outside of the inferior wall of the left ventricular myocardium.

UIVDERDHF 4.0 mm, FHEAREIZH 1L.O0mm  NOMERERE ZEZ0/ 10T A HEH 0 Ok
ThY, BHELZHIL S om O IEIEZRLH Ok, FEHEmIER), 0.5, 0.75, 1.0, 1.25, 1.5, 2.0, 3.0
NE & PR 2R IPE D BRBEIZH 5.0 mm TH o720 1SR D L HICEH A Lze ZIUIRES 3, WEh4 1

AL (120mL) ICIEEERIZBWTES TR L7z MIBI %5455 % O B R %2361 &
WOM2%DLHICEET L &2 HEL, 0 Gt ke300 OSEM-ACSCRR 2 T/ U E0 & 4% b s
14.8 MBq (123kBq/mL) % A L7z, MR  TOEERITICEOHEEZ R ROz 7 > b
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Table 2 The results of SPECT resolution analysis
The results of SPECT resolution in Study 1. The resolution with and without smoothing processing in
each reconstruction method is displayed in full width at half maximum (FWHM).

OSEM OSEM

FWHM [mm] FBP OSEM "RR ACSCRR

Without smoothing  15.13%0.96 13.25+1.09 6.16+0.72 6.03+0.70

With smoothing ~ 20.92%0.26 18.76 £0.39 14.50+0.18 14.47 £0.23
0.0(Ref) 0.5 0.75 125 15 175

Conv(')OOOOOOOO

T 000000000
" ©00000000,,
0D000D0D00DO0O
000000000
"""o0o0000000"”
000000000

ACSCRROOOOOOOOO

Fig. 3 Short axis image of myocardial phantom with defect

From the top, the upper row is the short axis image created by the conventional method (described as
Conv.) and the lower row is the short axis image created by the MUS method in each reconstruction
method (FBP, OSEM, OSEM-RR, OSEM-ACSCRR). From the left side, the images in which the
radioactivity concentration ratio to the myocardium of subdiaphragmatic high activity is increased are
displayed in order. The first image is a reference image with no subdiaphragmatic high activity in a
cylindrical container and described as Ref. Images with increased radioactivity concentration ratios
to the myocardium of subdiaphragmatic high activity are displayed in order on the right side. The
display conditions were set to 100% for the upper level and 0% for the lower level with respect to the
maximum value of 180 degrees above the myocardium.
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Fig. 4 Short axis images of myocardial phantom without defect
From the top, the upper row is the short axis image created by the conventional method and the
lower row is the short axis image created by the MUS method in each reconstruction method (FBP,
OSEM, OSEM-RR, OSEM-ACSCRR). The first image is a reference image with no subdiaphragmatic
high activity in a cylindrical container and described as Ref. Images with increased radioactivity
concentration ratios to the myocardium of subdiaphragmatic high activity are displayed in order on the
right side. The display conditions were set to 130% for the upper level and 0% for the lower level so
that the effect of high accumulation under the diaphragm could be easily recognized.
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Fig. 5 Results of simulation evaluation of subdiaphragmatic high activity by myocardial phantom
For the central slice of SA with or without defect, create circumferential profile curve (CPC) at1 degree
intervals within a circular region of interest that touches the outside of the myocardium and set the
maximum value of 180 degrees above the myocardium to 100%. The upper row has defects and the
lower row has no defect. The left side is the result of the conventional method and the right side is the
result of the MUS method. The vertical axis of the data with defect represents the minimum value of
90 degrees on the inferior wall and the data without defect represents the maximum value of 90 degrees
on the inferior wall. The horizontal axis is the radioactivity concentration ratio. It is displayed as a
graph for each reconstruction method.
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Fig. 6 17-segment model of the LV myocardium developed by the ACC/AHA
The position and title of each segment in the 17 segments used in the analysis are described.

Table 3 Differences between the conventional method and the MUS
method in 17 segments of clinical images.
Analysis results of the paired t-test between the conventional method

and the MUS method in each reconstruction method in 17 segments.

Paired T-test

Segment Percentage

of P<0.05 of P<<0.05
FBP 1,5,6,10,12 29.40%
OSEM 5.80%
OSEM-RR 1,2,3,4,5,6,10,15 47.10%

1,2,3,5,6,7,8,9,11

OSEM-ACSCRR 2 15} 13,’ lZL, 16’ ’ 76.50%
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Fig. 7 Examples of clinical images

The clinical image is an example in Study 3.
administration of MIBI.

The resting images are acquired 45 minutes after
OSEM-ACSCRR was used for image reconstruction.

The left end is the

anterior image of the SPECT raw data. The upper short axis images are created by the conventional
method, the lower image is the MUS method. The Polar Map is created by the conventional method
on the left and the MUS method on the right. This case was a 47 year old woman who was admitted

to Acute coronary syndrome (ACS) .

Myocardial perfusion SPECT examination is performed for the

purpose of cardiac viability and cardiac function evaluation of anterior wall.
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Table 4 Stability analysis results in 17 segments of clinical images

Analysis results of correlation between 15 minute and 45 minute images in each reconstruction method
and processing flow (conventional method and MUS method) in 17 segments, Bland-Altman analysis and

paired t-test.

Correlation |Bland-Altman analysis (15min—-45min) Paired T-test
. . Addional |Proportional| Segment Extent
Cocflicient | Difference | "o error | of P<0.05 | of P<0.05
0.908 £ 0.59% 0
FBP 0.067 184 + + 10 5.8%
5 0.912+ 0.35% _ 0
G ol OSEM 0.064 1.89 + 10 5.8%
onventiona
0.931+ | —0.27=% _ 9
OSEM-RR 0.045 474 + 10 5.8%
0.905 + —2.58=% _ 1,2,3,5,6,7, 9
OSEM-ACSCRR 0.055 589 + 9.11,12, 16 58.8%
0.908 £ 0.26 _ _ 0
FBP 0.045 | 4.5 " 0.0%
OSEM Obggili 047{(;: + + - 0.0%
MUS 0 5.950 + 0 Z.M- +
. - . - - 9
OSEM-RR 0.033 1.00 + + 0.0%
0.916+ | —1.06% B B )
OSEM-ACSCRR 0.066 5 95 + 0.0%
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