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Fig. 1 Principles of BG subtraction by iteractive constant subtraction method (ICS method).
(a) Schematic diagram of gated blood pool image and time activity curve (TAC). (b)
Constant is iteratively subtracted from the gated pool image. (c) left: TACs generated

by gated pool image using iterative constant subtraction. right: The first frame count of
the TACs are normalized by parallel shifting.
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10 2SFFAE L, JERAMIE ED) KBV TIREE S
iz d,=25,d,=30,d5=20,ds=10, F 72
HiAREIE (ES)TiE 5,=20,5,=25 £ W) h 7~k
DPEBLTVEHDETEL, Yh) 7 ADKES
(EZ7E2Vvo¥)id s34, BGHY Y baEn
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Fig. 2 Diagram on phenomenon obtained by parallel shifting TAC on multigated blood pool
image using ICS method. (a) BG was not subtracted. (b) 6 (less than the BG) was
subtracted. (c) 10 (equal to the BG) was subtracted. (d) 16 (over the BG) was
subtracted.
D.=Dr—n.kM Dy=Dr—nskM
(6) _ O
S.=Sr—nkM Sy=St—nkM
n=n, D& IEAKICERBEEFOEAY ¥+ & ZZTD,S.BLUD,S, DEZEES T 7 £
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Fig. 3 Change of ED and ES count shown on Fig. 2. Each straight line in the left graph is
parallel shifted as shown on the right graph.
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Cp
Subtracted constant (nk)

Fig. 4 Method to determine the critical point (Cp). ES counts of TACs which are normalized
by parallel shifting are plotted as shown on the right panel.
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(16)

Fig. 1 (¢) 27K L 72 overlap Hi#2> & 783 5 35
RuxfGnh7:0, FATREIERIL L 72 NEEOR
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#17 bkNg DS HN 5.
B= kNy=Cp (18)
CDHTIZE 5T, EBIITFTRHIERLD
7o OYFRF MR E BB L O Cp 2 KDL 7280
DY R EEGE DAY LETH . FATRH
EHAI, EBMIZIE original Bif§ & &5 #I{%
DYRERIZICOWT, WHDROI A Y v FDFE
2 UUEFRI (ES)ROL A7 >~ MIZINE T A Z L1
INATHENTESL (ZOME S NZERD
ROI N v M Ces & 5). REDOREEAERE kN
%Ko 5 728 Fig. 4 () B#C S EFE 0 S DR
¥ (nk), fEdhiC original 3 X O L 72 BI{EDF
TR ENERAL L 720U RE (ES) ROI #17 ~ b
(Ces) & & O curve fitting %479 . Fig. 4 I2BW T
o FLERMEIHMEXRT. Fig. 4 HIIRTHDE
IR overlap BIARD ES 717~ MITHNT 5.
S DN — T OMFRES /N RIS LD 2 kil
T L EARER & DI ERE Cp & K& 7:
UED LD B AREICE Y VFF— LT — )
A A=Y DBGHY Y MeRD, KEFRMIS
OEZBRHRERD 2. ZOH4E, ROLIGLER
KOREZ R KENHATIRELZ. Lo
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TZ D ROIIEAREIZE S BG FHED 729D ROI
T%%&#L,E §&%ﬁ%ﬁ67b@Rmf
bdb. ROI REDHEICLZEEEHL720
R@@kéé%*kéﬁfﬁﬁ%szmgn
F oMk O EAT) 729, ROI REB LT
LEREERDOB R % 4 ZDOA XL —F TERENRE
i LI L7,

CIWFH — M T = A A — TS AR ERIE 3%
»nTc 740 MBq (20 mCi) %5 L THffg L7z, &
YFL—vavAATBIVT— IR
VA VAMBZLC BIURBERI YV FRY s
2400 % Fv 7z,

. #% e

HED 16l % Fig. 5 12 d. ZOBIIBWTIZ
e LR ROI D I HEHUE 378 A7 » P TH -
2. LA oT38 I 7Y FO# 5% LT S
k=19 Ao v+ FEYET L —EEREER
L, ZO¥—MEED 0~13fFE2~VF7— M
T WA A= LRE L. TRhODEER,S
BoENIFNEND TAC H Fig.5() ThH b (JE :
KT onTnsFES & n DfEIZ—3K

Table 1 Numerical data of iterative constant subtraction processing in this case (shown on Fig. 5)
ROI counts on Counts of
Curve nk subtracted images Sift value parallel sifted curves
n
No. (k=19) end-diastolic end-systolic ®=40631-@  end-diastolic end-systolic
frames ) frames @) frames )+®@)  frames @+®)
1 0 0 40631 31044 0 40631 31044
2 2 38 35159 25572 5472 ” 4
3 5 95 26951 17364 13680 ” 7 *
4 6 114 24215 14628 16416 7 7
5 7 113 21479 11898 19152 7 31050
6 8 152 18743 9382 21888 v 31270
7 9 171 16010 7228 24621 7 31849
8 10 190 13383 5349 27248 @ 32327
9 11 209 10904 3800 29727 4 33527
10 12 228 8683 2502 31948 7 34450
11 13 247 6704 1524 33927 4 35450

Curve No.: number shown on Fig. 5

*Example of calculation: 17364+ (40631 —26951)=31044
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Fig. 5 An example of process of ICS method. (a) Left ventricular ROI and TACs generated
by gated pool images using ICS technique. (b) TACs normalized by parallel shifting.
Note that the overlapped curves are clearly identified.
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Fig. 6 Anexample of curve fitting to determine intersection (Cp). The optimal BG calculated

Subtracted Count/pixel

by this method was 150/pixel count in this case.
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Fig. 7 Stability of the results with iterative constant subtraction (ICS) method. Despite
different ROI size as shown by ROIs 1 and 2, similar volume curves and ejection

fraction are calculated.
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Table 2 Comparison of LVEF obtained by conventional
BG subtraction, which was performed by 4
operators, and the ICS method

Patient
Operator

H.A. W.K. LN.
A EF=37% 63% 71%

B 35 51 64

c 35 51 66

D 38 57 70

ICS method 36 55 69

LTWwiw)., Zh50 TAC % original H{ED
TAC D%—7 L — 4 FLRAY) fEICIERILT %
IHOITEATRE L TH O N L DA Fig. 5 (b) T
HAH. Table 1 1ZTNHDE—T L — L EYFHEER
WMohy b, BLXOFTEEICE L IERLED
Ay VEOUHEEBREERLICLDTHS.
¥ —Mifg k O 6 EARELLT OEEEO TAC &
SEAEL D, ThU EORE TREI TAC T
Z® overlap ML TBEL TV, TRHD
TAC OYUGEARMICHL T2 (17~ b)) DEAL
% Fig. 6 \Z7R§ . ZOROZEALERD fitting Hi#E &
BEAREBDAHIE 150 Th o7z, TOMEHLEEEHO
BEFEL-DVDOBGH T N ThHH. ZOBGHY
YREINVFE =M A=TUHhHELGIWTEL
BN Fig. 7O () IWRTLDOTHY, £E%E
BRI 54.8% T o 7-.

Fig. 7 124, AZEEHO ROIDKE & %IRRT
X IIELEE T ROIL, ROI2), REICLDK
OB ) BXOQ@) Z/RL. ROIL B
L2 CR7AEEREEIIS548% B L U542 T
by, FEALFELWEPHELNIC. 4BDF X
L—=%I24D, 3BOBET— 5 D—iETKD
T EER R & AR (ICS #6) 12 & 0 SR 7 =B
HERDIE % Table 2 \ZR" Y. —fxEIEA <L —
FIZE D D) OFMENROOLNS.

Iv. # =

TIWFHE—RMLT—=NVA A= DHBG ATV
FEBRETLHZOICBRER LR TWA KL, #l
ZASKEERFDICNY 2 759 KROL 2% 5K

33 % 10 5 (1996)

FiE, QEZORBICELR DHEOED BG 7
Y F TRV, @QROIDFREMEIZLD BGH
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5. SEbNbII T- 7 BGREFRIEE L L
DRIZICELRDBGHY » M TELEZTEEIC
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KE R EHWERRORRICE RS BG AV~ b
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AL S TR - BRI AR L BB R OM# 134
PTHhotz. TOZELIXBG AT Y FDRIED
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FRL—FIZE BNV 7759 2 FROIGRESED
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HEARMIIIEEBEMIC L 2HEIEL VW DO LEE
bbb,
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E{g 7 — & #FH L7225, E{g2 SEEOE-D
BWETELY 7 by 2T %207 — ¥ LHEHEEE |
T, ShEARTAI LIS SOHICHfE
WEEASTTREE 72 5.

B, REREET— 7 12OV TERDEKIK
BT LENH D, TAC 21ER L7
O TAC I L CRBIRIERIT) Z LGN T
HbH. TAC 15 DEBHEIEROIAAL 7~ ~D
BEHEL DY, BEiRHH D VCIZERD S DOEE
W E IR . g5 OB ATT
PR THRERELLE I LIVBEIZEELZY, v
) NEDSBH B DS, TAC L TOWBETIEZDR)RE
X7, L72A5-> T TAC 20 5 D@ KR E T idat
(14) (15) 127~ L 72 BaARaCIE S L 2% v,

TS T ST LIIDOWTIE, YT —
M A= T OIFRKIME DAY =2 T IV T
KEDLROIZRETHDOAT, LiRIZEHBINIC
ERMICETTELY 7 b 2 7H A RETH A,

V. %% B

LERTNVTFZ— ML T—MA A= LS
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HIROI /17 » MICHATEE) L THEET 5. Th
5OHEAL L 7-PER L ROL /1 7~ b OEAL% %
MTHIEICEVEREDH L BG AT v Mgk

MR TH o 72,
X

1) Strauss HW, Zaret BE, Hurley PJ, et al: A
scintiphotographic method for measuring left
ventricular ejection fraction in man without cardiac
catheterization. Am J Cardiol 28: 575-580, 1971

2) Green MV, Ostrow HG, Douglas MA, et al: High
temporal scintigraphic angiography. J Nucl Med 16:
95-98, 1975

3) Parker JA, Secker-walker R, Hill R, et al: A new
technique for the calculation of left ventricular
ejection fraction. J Nucl Med 13: 649-651, 1972

4) ShLUEF, SEBIEER, HH &, il S50
BIEEIC & BRERFIL T — VB L LA A=Y~
7. BEE¥ 14: 4148, 1977

Summary

A New Approach to Eliminate Background Count from Gated Blood Pool Image
(Iterative Constant Subtraction Method)
Part 1: Principle and Technique

Masamichi MAaTsupaIRA* and Kenichi NAKAIIMA**

*Department of Radiology, Kanazawa University Hospital

**Department of Nuclear Medicine, Kanazawa University School of Medicine

It is important for obtaining a left ventricular vol-
ume curve and ejection fraction from a multigated
blood pool image (MGBP image) to accurately sub-
tract the background (BG) from the image. We de-
vised a new method of accurately subtracting the BG
with good reproducibility. This method (tentatively
called the ICS method) is as follows. An image, on
which n times (n=0, 1,2, 3,..., N—1) an adequately
low constant (k) is subtracted from the MGBP image
at every pixel of the image matrix, is prepared. When n
equale 0, constant is not subtracted from the image,
therefore it is original MGBP image. Then the original
(n=0) and constant (nk: n=1,2,3,..., N—1) sub-
traction MGBP images were prepared. The constant
was defined as about 5% of the maximum pixel count
in the end-diastole of the left ventricle. Rough region
of interest (ROI) were set at the left ventricle on these
MGBP images, and time activity curves (TACs, left
ventricular volume curves) on each image were pre-
pared. These N kinds of curves are shifted in parallel
for normalization in the first frame (end-diastole). The

first frame count on the original MGBP image is nor-
malized. As a result, TACs obtained by inadequate
subtraction in which subtraction of the constant does
not reach the BG count, overlap completely, while
TACs obtained by subtraction over the BG gradually
separate from the overlapping curves. The MGBP im-
age including a curve located in the border between
the overlapping curve and the separated curve is re-
garded as the image accurately subtracting the BG,
and the constant of subtraction (nk) as the BG count
for each pixel. The border is obtained by analyzing
changes in count of the end-systolic frame of each
TAC normalized.

The ICS method provides computer software that is
performed automatically within a short time by setting
a rough ROI at the left ventricle on the end-diastolic
MGBP image.

Key words: Gated cardiac blood pool image,
Background count elimination, Iterative constant sub-
traction.
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