(R &)

LNEFEEAGE) SPECT TOELNERME, BREFEOH N
——Threshold #:12 X A LN EE H Bh i —

fat wx

SERE R R

BE "o LML HEA A MM L 72.GCERY.GH SPECT (G-SPECT) O 4 il ik (% 2> & /oL E DL
AR (EDV), DA AMZEF (ESV), B LU, ERHF (LVEF) 28 HT 2 HEEEFELL. 1.4
1% 8 4% L7 180 FE G-SPECT #* 4T\, Threshold (2 & ) iR A WIE & I ARG O L BE % HE)
L7z, 77~ b A FEER%E FEME L i Threshold il 45% % 1572, KEOR UM LT 5729, G-
SPECT DFif% 10 HUANICAEE MR (LVG) % fifT T E 72 BH 12 BT 2% k72, LVG LD
MBI HIE4R £ 0.918 (EDV), 0.935 (ESV), 0.900 (LVEF) Td - 7z. KEILLNEBEA HEMH L Tw
Lz, BEMEFRECER, LRMES A L OHEEED R EHIATMEICITZ 5 L E 2 bR,

L BC®»I

WA, OTICH WD B LA & LT, *Te
o ok L 77 L B0 2356 78 S L (" Te-Hexakis(2-
methoxy-2-isobutyl isonitrile) (MIBI), *"Tc-
1,2bis[bis(2-ethoxyethyl)phosphino]ethane
(Tetrofosmin)), ERRICEH SN TWD. ThbH
DBFN DD — DI VLI DA TE Hid
b, ZOMEI &0 GRS ] A5 BR S
e, F7o, T BEREAI OO LA )L F—
P = A ZIE L, R TR ER S
WHEETH D, LERMLEL SPECT (G-SPECT)
JPHEIZHE L T A EWVZ 539, 512, 9Tc %
e D M3 & A L 72 G-SPECT %47\, ik
RAME (ED 1%) B X OWUE K% (ES1%) 5,

* ST ] R el B R B S A 5 B AU 5B
¥ GERI AT A AV AT LW
it 84ETHI1H
Wikt 84 11 A6 H
RIS RS | FHREREATHLEN 1-70 (2 036-03)
T ] R AR P R A B AR R
wm o+t g -

(FE- 34: 1-6, 1997)

FNEFNDOIEEFMN (G-EDV, G-ESV) B & UK
H# (G-LVEF) * 5T 2 HkiconwTd, EN
i TuonHEERhTwEed LarLllh
LG, LR TFETMNL—AT 5%
E, B COR—HPEaINL. 40, b
NI Threshold 12 & 0 ONEBEZ HERHE L,
INLDEA BT 2 HEEER L. TOKk
DFIMEF G A 72 OB (LVG) &
SeBRES L7,

II. FEBLUBR

1. EEREOEHAE
14 P2 B VX0 GE K] A 714 BV 2 A7 Wit EY
Starcam4000XR/T. JUES L U, ARG &
Table 1 12773 . G-SPECT i #hHfE (%2> & L E %
e ROLTRHRONEDY 7 b7 = 7 2ER LR
M AVA
STEP 1 . LABEOKE SRLHON Y v Vi S
%12, ED, ES &% BIEMISEIRT 5.
STEP 2 : ED, ES &2kt L CHe i Bl E{% %
BE, LIRS SIS T TOMAT
WHRATAARIBET L.
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Table 1 Acquisition and reconstruction parameters

Dose 600-740 MBq

Collimator Low energy high resolution

Matrix size 64 X 64 (Pixel size=5.4 mm)

Acquisition angle 180° (5.6° X 32 steps)

Acquisition time 40 beats/step (8 frames/cardiac
cycle)

Reconstruction type | Filtered Back projection

Pre-filter Hanning (cut off =0.7 cycle/cm)

Back-projection Ramp

Attenuation correction | N/A

Center of
ventricle

Fig. 1 Automatic detection of endocardial borders by
threshold method.
O: Determined by threshold method.
@®: Calculated from average radius of circles.

STEP3 . TR AT A4 A% FARERL, &4
T A A CHl % fo 058 s & SR IS
THRET 5.

STEP 4 : Threshold fifi (Th fifi) & & % .[\NEED H
B &L E LD S DO EEOFY (F
B)rHET S, Tabb, BELLL
FHLDH 40 KOG E, Z0
B LT ThEONME (LNEE) £ TO
HEEZ ABICKRD, FOFHEEE
T5.

34 % 1 75 (1997)

STEP 5 : STEP 4 C Th A F7E L 72 0o 728055
i, LHEENAL XL THD L
REL, ROGBIPEOFH P HEHE
ETR® B (Fig. 1,Fig.2). 512, %
DFEPLHOTHEEBR LA T A X
E2ELCTEEFMET 5.

STEP 6 : G-EDV, G-ESV, G-LVEF B X ¥, —
mHAt = (SV), LAt E (Co), —[[
AR E (SD), LRE () bEE LIE
FFICFRT 5 (Fig. 3).

2. 77> MLFEERICEK D Threshold {EDRTE
BER SR B Bl ThfiE % s L, B hei

WL DAL AR T A7 TRD 77~ b A

FEEBRAIT o7, 77 ¥ N AIBITE R O

fisk, BFRL7 7 > b A (EEFFE 1240 ml) ZfEH L

7o GRS 4 FEEIODRFE D *"Tc KER (7.4,

14.8, 22.2, 29.6 MBq/100 m/) % A#, Thii% 40%

"5 55% £T 5% MR CAEEEFMOHE L 21T -

7:.

3. LVG & G-SPECT TOAZHEE, EFH=E
()5
AL E 12 B, fERGIE 39 A5

76 i%, FH 60K THo72. RO 12 FIx L

LVG & G-SPECT % fifT L, £ £ D EDV,

ESV, BX U, LVEF 28 L ZoME% kKD

72, B, WHREIRARYAHISZ 10 HEAO

DD L L7z, ZHAMEALC THE L — &R %

(MIBI TiZ 60 %43, Tetrofosmin Tld 30 43) |2 G-

SPECT % fifT L, J5#:2 TR 725l Th (O B

RCOFYBMEE MRS 5720, Thil 40%, 45%,

50% TENLDEEH ML/, £72, LVG TOD

JEEFAE L BRI OB HIIE GEAT A 71 A

AT L4 ADVANTX-DX % L, Area-

length £ CTiro 72,

nm. #&% &%
1. Threshold {EDRE
B (124.0 ml) V&t L TN O R A 7 >

FD 55% OALE, T%bE Th il 55% TlEKiE
O 147.1 cm® THBAGEM S, Lo biE
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Fig. 2 A representative case. This patient has inferior
infarction. On the left are original short axis
images, on the right are myocardial borders on
short axis images.

AD IMAGEs by THRESHOLD (45%) >>

< END SYSTOLE >

MATION

Fig. 3 Review of spread images and calculated results.
Upper left is ED image, upper right is ES image.

FEARAE D S - 72, Thil 50% TiZ¥34 1332 cm?,
Th {l 45% T 123.4 cm?, Th{# 40% TiL 114.6
cm® CEEMOZE NIV o7, BOEIC—F

SPECT TO 5

7, BRhEOH T 3
1607
z .
- True volume
150 <2
° 40%
O 45%
140 K B 50%
-
hJ) H- -
g A.‘__\\ 55%
2 = B
g 1304
2
]
S
e e
Oemeene )
120
O
> o o
110 T T T T 1
0 7.4 14.8 22.2 29.6 37

radioactivity (MBg/100ml)

Fig. 4 Phantom studies.

YT\ Th il 45% 73 e
7 (Fig. 4).

2. LVG & G-SPECT TOAZEREE, BFHE

D LE#R

Fig. 5 (a—c) \Z B MM-LHE (12 f) TOZ N
NP % Th il 40%, 45%, 50% 22V TR
$. EDV & G-EDV OMEIE £ £ Th fE
T, r=0.880, r=0.918, r=0.912 Td - /= (Fig.
5-a). ESV & G-ESV O#MdZZ N ZFhD Th 1A
T, r=0.935, r=0.935, r=0.931 THo1
(Fig. 5-b). LVEF & G-LVEF O#ffdizZh L h o
Th T, r=0.834, r=0.900, r=0.758 TH o7
(Fig. 5-c).

# Threshold fi & L THH N

Iv. # =

LVG COEZFEMOB NI L SN2 ks
LCEHliE T 525, #REIZ L - TdREEY
Th Y AEITKEV. L, JEHRERY R
xLuLT RIZMH LS TSI HENEE
SHERICH STV S, fT L LAFEG
TN v F T T T AR E DR IS\ WEHR
HrfHFL TS

FARS I, 24— b TOLERYRI LT —
V SPECT 2»b EZEFEAHIEL, LVG & L (—
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a Threshold 40% : y=0.99x-9.92 (r=0.880)

< Threshold 45% : y=1.05x-6.40 (r=0.918)
o} Threshold 50% : y=1.04x+2.04 (r=0.912)
180
5
150
2
o 1201
S
=
& 90
wv
2
2 60
=1
o
>
307 n=12
p<0.001
0 T T T T T

0 30 60 90 120 150 180

Volume by LVG(EDV) (cnt)

Fig. 5a End diastolic volume.
Correlation with end-diastolic volume by gated SPECT
(G-EDV) and end-diastolic volume by left ventriculog-
raphy (EDV)

o Threshold 40% : y=1.25x-15.2 (r=0.935)
4 Threshold 45% : y=1.31x-13.6 (r=0.935)

% Threshold 50% : ¥=1.27x-7.01 (r=0.931)

120

E 1004
& 80
i
A
5
o 60
o
w
>
el
o 40
1S
3
S

20

p<0.001
0 T T T T T

0 20 40 60 80 100 120

Volume by LVG(ESV) (cn)

Fig. 5b  End systolic volume.
Correlation with end-systolic volume by gated SPECT
(G-ESV) and end-systolic volume by left ventriculog-
raphy (ESV)

34 % 15 (1997)

a Threshold 40% : y=1.17x-8.50 (r=0.834)
4 Threshold 45%: y=1.19x-9.01 (r=0.900)
©  Threshold 50%: y=0.97x+0.56 (r=0.758)

100

(%)

90
80
70

oo

60 o
50

ou

40
30

LVEF by SPECT(G-LVEF)
o)

20
n=12
p<0.001
0 T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

10

LVEF by LVG (%)

Fig. 5¢ LVEF.
Correlation with LVEF by gated SPECT (G-LVEF) and
LVEF by left ventriculography (LVEF)

LA R AR L 72, 4R, OmTe (LR LT R
2RV UERERAT IO W T H WO S h
TW5. LFHOIEEIED Y >~ o ERICIER
L7z G OFETIX, Fa—s v ho b
55 (Global % CI) S LVG 2> 55 L 72 LVEF
E RIS L EE L. F7:, e
IOV THHE S0 O Tid MIBI O Y
SPECT 2 5 K& 720 ISR (%WT) & LVG,
UCG PHICE WA 2R LG L, ZELHW
b kOt % L7,

— 4, LAFEODRAE I L # OYUERE S HEH
L 7z DePuey 5% 1%, KFEaKIE4 & 5 E K
Wik {% CEiH _E O Threshold % 12, FH Tl
MEER ML — A L Simpson {EI2 & W AEHME, B
LU LVEF ko5 hikaz@mE L7z, Lol
DePuey 5 O J ik TN & B OR —EHEA
25% THHEHELTWA L), FETLIEE
FRL—=ALTWALZE, BXU, LWEELF5H
ML TWBEZEICEY, 2O EREEICR
FindsEEbNL. 40, HEOMHTERD—
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LEFEA-LE SPECT TO L LERA, BREEROF T 5

HEIIOWTERE L T e WS s
HFERIE ST B %, BT EROA—
BIDB 0T s LEZOND., T2, EEE%E
TR COREIIE LI EEZONLD, 7
0 — 7 N)b 2 (R & SEAM S 2 A0 O AT SE I
T EO, LNEEOII AL E SRR & 12 E 3
L (Fig.2), LVG L O#Eb Bif Th o7z, 7272
L, Kk R Eshfir ICICH§ 256,

TEDKEEE, B L OO AT LEIZOWTHE
Rt ALEPHY, 4HOFEEEDNL.
T D EAIOMWE L, RFEIC LD GO
WIS AT & BRf% s O L RE O R EETI AT fE
&), WHEOTEHEE R EE G L) (I
TE D FeMED R S /e,

Lotk, BEEBIOZE L KT L7ER, KIEHK
S FETORMBIMBAHEE 2R, & O
JEAE 2 L T2 ERSE TORKARITEIC DWW
TOM Lo E#ER S,

G-SPECT |2 & Z.LMEREDAENTIE, LVG % UCG
D RITCHEETOMME I RL Y, =XkuiEHhs
HLIH LW RS THD. 5%, RED
BRI, Thh oD LEEEFREDOH LW
&L CHRKRICET 22 L2 fFd 5.

V. £¢&¢ 8

1. G-SPECT 4% #ilil¥f&1% 2> & Threshold 4Tl
NEBER R, EEEHM, LVEF # 8§ 2 k%
EELI.

2. 77 b LERDSLPIRERE N ol
Threshold fifi 45% %545 & 17z, F 72 BRFEELC B
WTh, ZOMEDELMDTER S 7

3. EIMMELEE 12 Bl DOWT LVG & G-
SPECT TO /i ZE%FE, LVEF OB %17 -
7z. EDV, ESV, LVEF & G-EDV, G-ESV, G-
LVEF &£ DM, TN ENICBWTHEIFTH -
7.

4. —AOBRETLFOIMASA & LD [F
REaFiAS T & 2 RE DR EFREOH L\l
MaRmELTwab.

W RERZ DD, BELRBKT -5 %
TRt L TF & o 2 BARBEAF O AKRT AL,
e b NICARIZE & THRE L CTF & o 725A0T RS 1
WMEFHEOBEREE, TLERIHBAOLTT
& o BHRER O IR Lo, STy 412
RAHLTT.
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Summary

Calculation of Left Ventricular Volume and Ejection Fraction
from ECG-Gated Myocardial SPECT:
Automatic Detection of Endocardial Borders by Threshold Method

Shoji Fukushr* and Satomi TERAOKA™*

*Department of Radiology, Kuroishi Municipal Hospital, Aomori
**GE Yokogawa Medical Systems, Ltd., Tokyo

A new method which calculate end-diastolic vol-
ume (EDV), end-systolic volume (ESV) and ejection
fraction (LVEF) of the left ventricle from myocardial
short axis images of ECG-gated SPECT using *"Tc
myocardial perfusion tracer has been designed. Eight
frames per cardiac cycle ECG-gated 180 degrees
SPECT was performed.

Threshold method was used to detect myocardial
borders automatically. The optimal threshold was
45% by myocardial SPECT phantom. To determine if
EDV, ESV and LVEF can also be calculated by this

method, 12 patients were correlated ventriculography
(LVG) for 10 days each.

The correlation coefficient with LVG was 0.918
(EDV), 0.935 (ESV) and 0.900 (LVEF). This method
is excellent at objectivity and reproductivity because
of the automatic detection of myocardial borders. It
also provides useful information on heart function in
addition to myocardial perfusion.

Key words: *"Tc-MIBI, *"Tc-tetrofosmin,
ECG-gated SPECT, Short axis, Threshold.
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