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1613

ELEBRHRRE OB, AFLDOIDDO—FBR

FedE RK* R WEEr
PritoamigR WA FRAET*

R PR R RRY
AP

2 PEROEBERRERL 7 —VEIC X S EOERHE (LVEF) Hilic 3w T, BEOEE (ROI) % 43
ELRVWHLWAY 775 K (BKG) W3 hE % ER L (Fixed BKG ratio ), DERBBEB LVOERSE
G304 E g, BilpEoEERE (LVG) TRz EF #E#EL LT, HE, FHEz>w T, BKG-
ROI % W 2 9¢3k D 5k & WlRE U 7z. BKG 2 EUSETREEII A0 v - 8o 6495 L U7k, LVG L&
LB AEEE (r=0.936) T3 L & LIELUESR L v (LVG-EF 61.2+21.4%, Fixed BKG ratio EF 61.1+
20.17¢ (Mean=+SD)), fiipkk v EF @/ HEFASRESH, FHMEL B Ch o7, Fixed BKG ratio
HTHER L Shd BKG ulo—F5ke LTERATS Y, EF EHOEAERILSh S0, HENE~D
ISR ROl REPHER Y v IV T e —T V2T A~NDIEEBIETE 3.

L xTC®Ic

BRI 7 — VBRI X D RO ERER
H(LVEF) 23k 52354, ~v 2 75 ¥ (BKG)
DRI, SRS CEEN R FER KL,
KIgRBEE ShTna., BRIV EHEAT
W3 HE, BKG % DGO T I O
ROD #FHELTRDB LD TH B, FHTT
SHiE, FEAAYRLTL, HEMNRITOIHAIK
b HRME, KEINR, N7 & O FEIERPN O i fE
s S Y, LVEF BB EE S 3 1 E
ERTH .

EEOE, ThLOHETAEERO ZWN
BKG-ROI ngE# 173, LVEF 2E M+ 5%
LWhiEEERL, B ELEEYE (LVG)
Tfibhic LVEF 238 L LT, 2o 2 Yikic
DU THENRHE Lt HRET L7z,

* RS ERKFE R
*x & RI %
e ERERT
ZfF 5946 514 H
RN S9E8H 6 B
BIREERSE | SFAT A T4 A THE21S  (8570)
fd H K K

II. MRELVAHE

SR E LICBEE, BRIBMEOEELE 76, B
DV 6 B, FERBLLAGIE 4 6, FLRALOARE 2 61,
D PRRRIRE 2 1, LERRERIEE 16, K
WRFAPAHARALE 1 6, EERPEE2H], LV
ER 5 FlOH30ERT, zhbefliy, L7—n
HRE O 3 BWEILANIZ LVG % ifT L 572 fEF] T
Hoiz.

D7 — A #:1% 20 mCi, Tc-99m HSA % #7374,
FHITELIDD, FATH - ZRBE =) A —%
—®EFE Lk H v ~=H 25 (Searl 4, pho/gamma
LFOV) # &0 F, LDEXKLABICEAITE S
ZERIRME (modified LAO) (3% 7E L, LEXFH
2 NVF T — MET B0 07— & INEE FEi
ERT s v 5%y 7 1200 2 {#H L TIT - .

LVEF 25RH+ 55 LT, LT o5 #EH
D7a ba—LERELKL. o ba—nI~IV
13 BKG-ROI # B ET 39K FETHY, 7
v ha—n Vi, FHLNPEZELL BKG-ROI

REETELENREH 7 v » b4 (EDC) »
Bk L 2o+ 54 (Fixed BKG ratio #) Th %
(Table 1).

1) Zobka—)1; £0%i2i3 Fixed ROI i
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%M L, BKG-ROI % /&l 5 L3R4 (ED) %
& UERE 1 (ES) R [ic3kE L (Inside BKG),
% ¢ Time activity curve (TAC) D ULHEREHI T D
FHWTHIELRZ.

2 Z7obra—)I5 FlEo BKGUEETH S
2, 202123 Variable ROI #: A L7z,

3) Zoba—) II; ED % oSl FH I,
2~3 [ FEHE L THI90EE @ 7k BKG-ROI % 3t 7E
L (Outside BKG), BKG-TAC 0 SE¥fE % v T
WIEL, Z0EI12ix, Fixed ROIEFEA L.

@ ZJobra—)L1V; FLEo BKG LHE TH
% %%, Variable ROI #:% A L7z.

5) 7o ka—)V; BKG o 7=» » ROI #
BREHT, BKG #EDC 0% L &7 L TRd
% KT,

%

BKG=pxEDC 1)
0<p<l)
oX»nEZ 50, —) EF i
EF=SC/(EDC—BKG) )
TROHLENEDT, Zhbhbd
EF(8)=SC/(1—B)xEDC (3)

“ELND. B OEBRMEERD B, JHEE,
BRE D Bl B R306I2BWT, B & 025 0.80

Table 1 Four standard methods (protocol I-1V)
requiring background region-of-interest
assignment and our new simplified back-
ground processing (protocol V) were

assessed
Protocol LV-ROI Background
I Fixed
Inside ROI
I Variable
il Fixed
Outside ROI
' Variable
Vv Fixed BKG=/3XEDC
(0<3<0.80)
Fixed BKG Ratio Method

21 % 12 5 (1984)

EDC he--1SC
M EF(3)= EDCS—CBKG
BKG - s¢
(1—73) xEDC
0
C /3=0.80, EF (0.80)
Z

/
0

£=0.02, EF(0.02)
[ £=0.01, EF(0.01)

Contrast Angiography

#=0, EF (0) Vs (LVG—EF)
n=30 n=30

Fig. 1 LVEF measurement by fixed BKG ratio

method.

A: EDC=end-diastolic count rates, SC=
stroke count rates, BKG =background

B: Formula of LVEF calculation

C: The search for the optimal -value in com-
parison with LVEF obtained by contrast
angiography

¥ CHEf IS 28/ D EF #3k®, LVG
TRz EF SEMRRER S &, KLy
& HREE L7 (Fig. 1).

LVG iz, 76% v v 275 7 4 » 40~60 m/ £
3FRITHEAL, 607 L — a0 biplane #: T
W L, Dodge o F#ED X Y ELERHEE KD,
EF #5iH L 7.

III. % 7

1) REREDHKE

BKG-ROI #3RET KD FHiEICE D EF %,
LVG 2k % EF Lxtl+ % & (Fig. 2, Table 2),
[EIRE#R o #f % 13 Fixed ROI #:©, 0.76 (Inside
BKG; 7°u k = — I), 0.87 (Outside BKG; 7 n
} == —,u III), %7z Variable ROI %, 0.78 (7
g ha—n10),08 (Fukha—n IV) THY,
LV-ROI 223224 5 ¢, Inside BKG T EF # i
NI B A S e, —05, fHBEIREGE,
WFRh b 1% LT ofER#E <, Fixed ROL{E T,
0.936 (Inside BKG; 7w k =2—, I), 0.822(Out-
side BKG; 7’ u =2 — v IIlI), ¥ 7= Variable ROI
HBT, ThZFENR 0942 (Fr F =2 —n 1), 0.927 (7
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101
i | PROTOCOL I
a Fixed ROI
& 80 Inside BKG
s .'./
60| .«
.. . % ... .
P //
pd Slope =076
20| il Intercept=038
\/ r =0936
P M SEE =618
%0206~ —do 60 g0 100
LVG-EF
100-—m
&i | PROTOCOL I
o8 Variable ROI
B 80 Inside BKG /
. L
. >
sl L
. LP< AR
40| ,/
°,_/ Slope =078
20| i Intercept=6.54
/”' r o =0942
P SEE. =582
ob" 20 40 60 80 100
LVG-EF

w
u | PROTOCOL I
% Fixed ROI
G % outside BKG
60|
40|
20 Intercept=-174
r =0882
; SEE. =987
o, 1 SO WA SO
0 20 40 60 80 100
LVG-EF
10 e —
& | PROTOCOL V .
a Variable ROI *
O 89 outside BKG L
o o
% o
60 o '/."'
.
=
40| 87
//
o/ Slope =089
20 .//' * Intercept=2 44
b r =027
/ SEE. =755
o/ . —.
[ 20. 40 60 80 100
LVG-EF

Fig. 2 Relationship of ejection fraction between gated blood pool (GBP-EF) and

contrast levography (LVG-EF).

v ha—n1V) Ly, HEERRHERRFE (SEE) i3,
Fixed ROI ik, ZhZh 6.18, 9.87 %7z Vari-
able ROI #:, 5.82,7.55 79, LV-ROI {ZH
71 54, Outside BKG Ti3AF B 23 < 72 5 {5
[ 25 5 iz,

(2) Fixed BKG ratio ;£M#&5¢

(@) FEHEDHG

Fixed BKG ratio #: (v h 2 — L V) IZEB W
T, BRLAR LB L, FREROTA, HE,
HEEAEHERRE (SEE), MHBIGREL, % 7o 30 4o
EF o FEE L 2 o Z Rz (SD) L 0% T,
Yk, 1%, SEE X B L &b icsinL =4 (Fig.
3 A, B, O), tHBIf%¥ (Fig. 3D) ix, B 2%0.64 T
KA r=0.936 (p<0.001) # ;% L 7z. ¥/, EF
DY-HGME, SD ZFEkkIC B I IE U THIML
7%y, B=0.66 OHiE LVG 2k 55 61.2+
21.4%, (Mean+SD) & —F L7 (Fig. 3 E,F). =

WoO#ERE LY, LVG o EF L £ 4 488 - vl
HoE < 72256=0.64 2 EHH & L THRA L.
ZOFEHEMEIC X BEIFRIF, y=092x+4.74 (y:
Fixed BKG ratio #: EF, x: LVG-EF), r=0.936,
SEE=7.33 & HIF /& # B 2318 5 h 7= (Fig. S,
Table 2).

(b) IFEHEDKET

BKG 7% EDC 0Tt v, B=0.64 iz L
%t ZoWEMNEERFT B0, ELEOK
&, %, SHICRBHITORBES Kok,
LVG %53k 72 L3R #& # 5 §% (EDV) % 150 m/
BREIC2HEICHBIL, EIRERLE OBBRE RS L,
WAL bR ERRILFR S 5z 2 - 72 (Fig. 4
A, B).

RREHE 1.62m2 255 L LT, BIEORID 2
BT EIcy, REoHEmBED & ik
(Fig. 4 C, D).
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st Intercept 15; Slope 15t S.E.E. /\
/
#
10! 10} /
4
/ |
# |
o 02 04 06 08 0 02 04 06 08 o 02 04 06 08
D E 100 - F —
0938} ; |
Correlation (r) Mean sof S.D 1
3 80! |
0938} '
eo. Mean.WVG-EF=61.2 20k S.D.ALVG-EF=2 174‘
0934 e
40 / i
0932} ol f
20 / E
0.930 l
020 40 60 62 64 66 68 70804 o 02 04 06 084 0 65 04 06 087

Fig. 3 Influence of varying ratio (8) of BKG/EDC on intercept, slope, standard error
of estimate (S.E.E.), correlation coefficient (r), mean and standard deviation (S.D.).
Note the best correlation obtained with a ratio of 0.64, and most approximated
with a ratio of 0.66.

Table 2 Comparison of ejection fraction results

Inside BKG ROI Outside BKG ROI

Contrast Fixed BKG
levography " giyeq Variable Fixed Variable ratio method

Mean 61.2 48.2 54.0 51.7 56.7 61.1
Standard deviation (+1S.D.) 21.4 17.0 16.8 20.2 19.5 20.1
Intercept 0.38 6.54 —1.74 2.44 4.74
Slope 0.76 0.78 0.87 0.89 0.92
Standard error of estimate 6.18 5.82 9.87 755 7.33
Correlation coefficient 0.927 0.936

0.936

REBIOWETS, FAlCEK S L < IidiE/NGF
fifi U 72 BRI 3R 7 b o T2 (Fig. 5).

3) BRMEOKEH

LV-ROI e #EE L, BKG-ROI EH
EDFE, BIUHEICX 3HEBL BT 52,
Fixed ROI iz iF % Inside BKG (F°r b 22—
v I), Outside BKG (v r =— v III) &, Fixed
BKGratio % (7w ha—n V) izonT, Zh
5T X 2 M 2R Lz (Table 3), 3453040

0.942 0.882

5 LAEESICHB L1007 —2 %, 4408
FE2 2 E¥F 248 L TRw 7z EF OREFNEH
13 Fixded BKG ratio #: G b /075 < (1.7+1.4%;
EF 8§ F#fE +SD), Inside BKG (3.94+2.6%) &
Outside BKG (3.64+3.1%) Ti3EZEN L rolz. —
¥, H#EMEHZ, Fixed BKG ratio i (3.5+2.9
%) & Outside BKG (3.9+3.2%) TI3ENL >
7273, Inside BKG (7.544.6%) Tl R Lz,
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>
w

@ EDV<150 i EDV>150 .
Y 8o w
2 £
2 g
O 49 [¢]
% ¥
o o
% 2
i i

O
8

)

w w
uw go Y a0
2 3

£

°
o
= 6o = 60
2 2
2 -]
- L]
(' 4

40 O 40|
g <
o o
.
§ 20| § 200 *
i i
o, . ... ] [ S S ..
0 20 40 60 80 100 o 20 40 60 80 100
LVG-EF LVG-EF

Fig. 4 The availability of the fixed ratio of 0.64 is shown independent of cardiac per-

0.64)

Fixed BKG Ratio Method-EF (BKG/EDC

Fig. §

formance and body size.

A: Subjects with end-diastolic volume (EDV) smaller than 150 m/
B: Subjects with EDV larger than 150 m/
C: Subjects with body surface area (BSA) less than 1.62 m?
D: Subjects with BSA more than 1.62 m?
100
L EJECTION FRACTION
80
» ® OMI 7)
O AP ((5))
60 B HCM 4)
i [1DCM (2)
A ASD, VSD (3)
40 @ ARMR.MS (3)
| Slope=0.92 * NORMAL (5)
Intercept=4.74
201 r=0.936
SEF=7.33
B (n=30)
O | 1 1 1
0 20 40 60 80 100

CONTRAST ANGIOGRAPHY (LVG-EF)

Relationship between fixed BKG ratio method EF and LVG-EF. The fixed ratio
of 0.64 is available to various heart diseases.
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Table 3 Results of reproducibility assessment with
different BKG corrections and “Fixed”
LV-ROI. Each values are given in ejection
fraction units (41 S.D.)

Inside Outside Fixed BKG

BKG BKG rtaio
Intra-observer 39426 3.6+3.1 1.7+1.4
Inter-observer 7 5:t4 6 3 9i3.2 3.54+2.9
Iv. # =

Wi BRI RO 7 — kD 1T X D ORERT
i EEERA S h>25H %23, LVEF oFHHIC
BLUTFLL—EnhiEm Lo REIHS AT
T, o= ROIEREIZEI L T, Fixed ;to IO
Variable ROI {0 EYS 23, F5EE, HEM: [het: X

THMREMR EDRTH L B 3D, EL BKG 4L

FIZBI L T L Goris & OFHMES 2, LLEHD
AT, 5K © BKG-ROI % 3% E S 5 79
BENRAShTWS. Lal, ED#EIZES
Bl S h AT, MifE, KBk M4
lig7s & ONLERROBEALET, Tk +T
H B0 | 5 = LIz NEETH B, E2T
BT ROl 2 RET DB HLRE O EBHBAD L
< LVEF #1282 BKG oL IZiZR
RIOMEREIAT WS,

7z TEH L1, EDC o —EH A% BKG &
LTHW3 z L7, BKG-ROI #ERRME & HRE+
BhBEERL, Akicks EF L LVG itk 3
EF LR L, HERS I UOHEREERF L.

— Iz S — TR 2 EF i3 LVG Ll
BLTIRIER L % 2 L 23% <, Kz Fixed ROI #
1 Variable ROI izt _ZF o H\ 2358V & & h
TW3. ZoORRARETbRKOBEmED 5
N7, &512 BKG-ROI OB EH EOEEICT
s h5z L, Fixed F7zi3 Variable ROI
®izh b 53, Inside BKG Tt Outside BKG
XV ERKOFEE, EF o FHfEL bIig&<, EF
iR/NHET AEAAED ez E X VL A
Lirofz. Lo L, Inside 3 Xt Outside BKG
DOES I HER%%, SEE T4 L Inside BKG 3
Outside BKG L Y ERTW B R LR -7

21 % 12 £ (1984)

zh bieko BKG JilEdkicxt L, Fixed BKG
ratio #: TIXfREK 8 AW & ¥ THH B R B 3 ek
BE7ns B EBALEA, BoM/ EF 0y IH
13 LVG LiziE—#L, RURAOBE 3hiEL Y
LEN, EF o/l e 2 gk s e, Ak
MBKG%Eb%ﬁﬁyhﬁmﬁﬁtLTWié
®H0OT, TOFEELEEL 25 25, LVG T
@EFﬁmﬁOw@ﬂﬁ?,LmtEDvﬁéb
TR E WEBRIAME O BEZEAE 2 f7l 35 X OHLERLL
FHAE 2 B DREF D H, EF Z il Kz G- 2 fila)
B LAY, DERE L BE4 %5 EDV o K/0fK
KEEOKN, & OICHB EIXREBR A < pkaz
35 EBbhi.

HEMIc > Tid, Fixed BKG ratio #:0%, &
HNEBIR L/AE L, RFRTE Inside BKG
X v i3fEHh, Outside BKG & (Z[[%TH » 7273,
Z hix BKG-ROI #EBRIENE M S iz 2o,
BREWN, REBE LTINS AT EBZD
n5. LaL, A#Tix LV-ROI 3% 5E O k[
EEAE 0% E BKG EICHL M+ % 72w, LV-
ROI FHEBRIEIC— OB B 1 I & G 2 LER
b5,

Fixed BKG ratio #:i%, #fit & <4125 BKG L
HMo—FHFEL LTHARATSH Y, LV-ROI FEDH
THEEE, WEMME L L RIFA EF S ASTRET, K
TG I AR L S h B 72, HENRLTE~DIEH
X ROI ZEVXHNE Y 7V 7w —T VY RT A
~OISHAPHEFETE S

V. ¥ &

SR BRI 7 — AR X S AL E B
R (LVEP) ER D A v 7 75 o K (BKG) LI D
# Lk (Fixed BKG ratio i) # &£ L, #
MmELEEFE TR LVEF #3k#L LT,
= OREE, HBMICo &, 6RO L iR
Lic. ZORE, IEREBELESD v v M RO
64% % BKG & L T L5|l& LVEF #5iili+5
A, FBE, HBMic Tl LAk <,
e DOFRE, DHEEEREBCESVWTLERTES
LR L. ABix LVEFRIE L, Bhss
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Summary

A New Approach for Simplified and Automated Measurement of Left Ventricular
Ejection Fraction by ECG Gated Blood Pool Scintigraphy

Suetsugu INAGAKI*, Haruhiko ADACHI*, Hiroki SUGIHARA*, Hiroshi KATSUME*,
Hamao Inicur*, Kunio OkamoTo* and Minoru HosoBa**

*Second Department of Internal Medicine, Kyoto Prefectural University of Medicine
**Medical Systems Division, Shimadzu Corporation, Kyoto

Background (BKG) correction is important
but debatable in the measurement of Left ventri-
cular ejection fraction (LVEF) with ECG gated
blood pool scintigraphy. We devised a new
simplified BKG processing (fixed BKG method)
without BKG region-of-interest (ROI) assignment,
and the accuracy and reproducibility were assessed
in 25 patients with various heart diseases and 5
normal subjects by comparison with LVEF
obtained by contrast levolgraphy (LVG-EF).
Four additional protocols for LVEF measurement
with BKG-ROI assignment were also assessed
for reference.

LVEF calculated using the fixed BKG ratio of
0.64 (BKG count rates were 64 %) of end-diastolic
count rates of LV) with “Fixed” LV-ROI was
best correlated with LVG-EF (r=0.936, p<0.001)

and most approximated (Fixed BKG ratio method
EF: 61.14+20.1, LVG-EF: 61.24+20.49, (mean+
SD)) among other protocols. The wide availa-
bility of the fixed value of 0.64 was tested in
various diseases, body size and end-diastolic
volume by LVG, and the results were to be little
influenced by them. Furthermore, fixed BKG
method produced lower inter-and intra- observer
variability than other protocols requiring BKG-
ROI assignment, probably due to its simplified
processing.

In conclusion, fixed BKG ratio method simpli-
fies the measurement of LVEF, and is feasible
for automated processing and single probe system.

Key words: ECG gated blood pool scinti-
graphy, Left ventricular ejection fraction, Back-
ground, Radionuclide.
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