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WD RU7 ¥4 275 7 4 —12 & BB AR O
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HHOOOEY [ME foe*

PEARMEHTE 3 X OURPTERH A EE OB —

ZEE WA Fam*
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BE EBAMNL T — VR ENATES X ORI E & T, JRETEEES) 0 E Il & A 7.
250 F— 2 IE T, AEEHR (LVEF) 3L OS2 b7 5 L 0% (SD) X FIMER R
{(RFM ORI r=0.96), HFTERH S H (REF) X ) L7 (r=091). F— X UERMZ R L TDH,
REF {2}t~ LVEF & SD i3 2 3l £ TEBIN D < (EEZBoRD 1098 15, L0RN), EBARO 7 —

WMEICEHPTREE B2 b,

EHA S IR X OPIEIAFIC ST, iy & BB ARy LVEF, REF, SD L7, IEWAT
X 5L 4 LVEF 5 10% LA, SD i3 RETH -7z HiJE Tk LVEF oo A 6 hizn b ois
134 (93%) T& Y, REF X 104 (71%) ZWFhrOonBE TR T L. SD O#mi R Licb ik 10 4
(T1%), LHm % IEBAREC SD OEEZ R LAOI 11 H] (79%) T, WHEEHbE D 86N R
TR U7z, (MR B SRR 2 (R % fhiR 2R %t 5 7o EEA I <, EBIARTL 7 — iz b

AR EbRI.

L T C®»Ic

RILT XA 757 0 —iF, FHREN IO H
EEIHMIiTXs ke LTIAIEATW S, #ic
< NVF 7 — b (MUGA 3V 3 AR T D
KLPETE 2R E% bbb, flx OEAHEEA
BT 208 2 FE© &, JWEAEBE oRiRIc
FRTh 5.

ERRPESES) O ik & U T RFTERH 2k
(regional ejection fraction)3~® L ST4ERA% X Wi/
FEfEHTE: (phase analysis)®~®23% 2. bhbhit
* IR E R R R
e Al HEENH
At S64E9 H 16 A
TR S64E11 A4 H
BIRIGERAG © sz X 2 #T) | T 54 (2 606)

AR EE I 2 R R B U R 2R
T A E B

% & v CRPTEEES) o asynchrony O jERAb
ERARTERLOO. SEBAREOS AL L R
7Y F— 2 IERBI 3 E " L, Lo T/hEik
BB CoB b FHE T BB, Fich v v bR
R 2HiAEHEBETILEN DS, bhvb
AR, F—2ERREZERHEL T, Zhbo
HHEOREE RT3 L L bic, HEKBINFITE
R FTREES) O E R 2 R0 THRET 5.

IL H¥RELVFHE

1) F—42ES LU

99mTe LR MER 20mCi FAEAI0RR L Y, /2
HiTAHI40~45°, Bz 10~15° iI2 TAH = Y 2 —
2K LI < Hh 25 (Pho/Gamma, LFOV;
Searle) # BHEL, A 74 v THEfiLIca vt =
— % (DEC; PDP 11/60) icfedi L7z, 57— ¥ IN4E
BRI A —LT7 v 7E—RKTHAX64< MY v 7 RIT
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T—DOME25%40 L L.

EEEE (LVEF) 374 Y h v v bEic#ks
Rk & B », background I 72 0 & ic
automatic |z L W EH L 7. JSFTERH 4Bl (REF)
& Holman & 0 5E3 1025t - T*, ERN® #iE
BRIC 3 5310 (FRR, Lo, B8 75 6 0N 8 43
UCHM L7 (Fig. 1). (ARfEAT B2, 5% %
—3I2X32= MY v ¥ RICERE LRI, K
DEBMBRE 7 — ) T —REHBL TfT-79. =
NIk W EH S h =45 Fit% (phase image) X
b, EERNMESE 2 T T A8 EKRKL, 20
TRUEMZE (SD) % UiE » A% (asynchrony)
fEfE L L7%19, REF L SD % J3iibsEsh o & ik
S OR G L L.

2) WEORH

EH A 3 Hl% X OB R 4 B0 3 7 6l %
BAZ. ETLHRIC CUNERRMZ 20/ Lz
D7 =g ERWT, 2 ADOWHE 4 i BOHE
% LY, LVEF, REF, 3 X0 SD # B L T
F# D ZH (interobserver variance) % K3t L 7.
RIZH T > MIUC X BHAOETI 2 55 720, %
HRFIC CUNSERERTZ 84y, 44y, 24y, 1431 L,
BOBOOIEELZEN L TEOEG % -,

3) EREREEME

EHRAN 5 B3 X OMHBESE D BERE D 72 WM
PNAGI DI 2 A 72, TEW AT EERELRLH
DRE L7, EBREE 22 0#EREIC TR
Dol e Lic, BOEHNT 2FEBIRE
IZTRHr L.
LHFIFIC400~ 500,041 D 7 — & UL % 47 - 12 1%,
MEAML TV TA =2 ZHWT25W kb 342k
I 25 W FoBRBERIC ARTRZ B S &, i
DT ICE S MR THIE L7z, F— 2 I 4
BEEICTHR2 M E L, R & RAOERh £ fin
DT =5 e FHIORR L Uiz, ¥ 7 MIARARNT T
b7z amplitude image OEB)A R OEA(L &,
EERNCFEM L 72

* Y7+ =713 DECUS (DEC. = — % —2) itz
X5.

19 % 2 5 (1982)

L. # 8

1) hHr

84, 44%, 24y, 1 50OBOBODOT— 2 INE
KX VoI h vy B X O EEN—THHE
BV OFYIH v L bk Table 1 1573, HEH)
AFBEORE (25907 — 2 IN4E), —HiFEH:D
SFEH3Bh TR, MO RE LD O
332X32= Y v 7 RICERET D20, 450K
1BOH o i3,

2) EBIBBOWE

20T =45 X9 2 AOBRE DB I BLHE
I % 2% L < LVEF, REF, SD # ZH| L interob-
server variance ¥ Miat L7-. 2 #F M 0FHE 1% 3K
i, LVEF < y=0.96, REF (34 #:) T 7=
0.91, REF (8 4y[Hi#:) ¢ 7=0.89, SD T y=0.96
L7 Y (Fig. 1), REF 3" 7 2% %A L5,
LVEF & SD 3 RW—¥E 2 h/c GRERRBOB
» 10%, 15%LLR).

WIZTHNZOWT DR T — X INEREH Z L D
LVEF, REF, SD »%§)# Fig. 2, Fig. 3127 L
7z. LVEF, SD %, 24yl TEB DD 75 v il
LT (BB 109LIAN). 7272 SD i3, Iudfing
Mz 145 GHEESR»60H v > M) IcfifE+ 2 &
WAL, MMMk ELEL20 . —FREF
X, EEHBHEAKE L, R 8 Mgtz EEH
ELrolk.

D ED#EE Y, EBHARRE DL 7 — 0 0 FFHih
»Bs, LVEF Tix10%, SD Ti315%, REF (3 4y
HE) TR0 EoB bR L E X

3) ERFRALIK

EFNS B, PCE145]IC > v TEBYA R

Table 1 Total count and left ventricular mean count

(mean+SD)
Acquisition Total count LV mean count
time (per frame) (per pixel)
8 min 256447 k 10816
4 min 140423 k 67+14
2 min 71+15k 33+ 8

1 min 34+ 8k 54 3
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Fig. 1 Interobserver varience of le.ft ventricular ejection fraction (LVEF), regional
ejection fraction (REF), and the standard deviation (SD) of the phase distribution
histogram in gated blood pool study with 2 minutes data acquisition.

LVEF i ! REF \ REF
ogt w 0B} ofr
06+ 061 06t
041 041 041
t t t
[ 4 2 tmin s 4 2 ) min 8 4 2 min

Fig. 2 The reproducibility of the LVEF and REF in various acquisition time. The REF
provides significant variance in less than 4 minutes acquisition.
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o LVEF, REF (3 5fiEh), 3 X0 SD #5HH L
M U7z (Fig. 4). LVEF 31E% S AL 4 10%
PEoBmE R L, —HBOER T 144113
B 939 BAENMETFE2RL. ZhAi REF(3
S THB L, EHASFRISHEIZVFh

sD

LA

4
E . t
2 4 2

{1 min

Fig. 3 The reproducibility of the SD of the phase
distribution histogram. No significant variance
was seen in 2 minutes or longer acquisition,
however, the SD was elevated in 1 minute data

acquisition.
REF
o8
LVEF
normal angina /
rest ex rest ex 06 %
o / ] sepra
/ <
\
06 o 7
06‘ APICAL
REF,
a4t
(X1
0.6 %
POSTERIOR

Fig. 4

£

Exercise responses of the LVEF, REF, and SD in normal persons and patients

19 % 2 5 (1982)

LM E T IARETH > 72D L, Patie 1461
104 (71%) TWFh 043 T 20% LA EDK
TeRok. hhfifanfit 2 b7 740 SD i3,
EHRNSHIE bRE TR EB A RTREL b 8°
PAF %57 LT e, Bl T 14410 1061 (715)
TIS%LL Eofiinz By, WFhan 8Ll ok
AR R LI b0 1§ (19%) Th -1z, WHE
WFRAOREFTREZZE L b o 14 4 12 4]
86%) ik A 12, —7J5 amplitude image T Ui D
FIROIET A4 b =0 84 (57%) T, £hbd
FwFhh SD 0 REE L > T,

$eCED 1 f5l% Fig. 5ick+. %o LVEF
1172% & v, amplitude, phase image TII/A%E
Wgko#) X3 BIFC, BERBHICIGHEL TW5.
25 W @B ERTIEC: LVEF 13 549% L7 0,
REF (3 g ©41 %00 631 %, ([DRET 100962
571%IC/ET LTWw 5. phase image TiZpij 4
R Al B R S h, IHROER G
metole. PiFANME 2 N T LR KT S E,
LR SD 25 2.7° LIEREE R L T2 b OB,

=

with angina pectoris. In normal persons the LVEF was elevated and the SD was
unchanged, while in most of the patients LVEF was not elevated and the SD was

increased. (ex: exercise)
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-EQ MORII SHIGETARO, 92-942-036s

REGIONAL EJECTION FRACTION

(MLAO VIEW)
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(c)

Exercise response of regional ejection fraction
(a), functional images obtained by phase analy-
sis (b) and phase distribution histograms (c)
in a case with angina pectoris. Gray scale of the
amplitude represents spatial contraction; maxi-
mum (white) to minimum (black). That of phase
image represents phase shift; early (white) to
delayed (black). Marked contraction delay
appears in the septal region during maximum
stress test. The SD of the histogram is ap-
parently elevated.

SEBIARIC L v 10.8° [c#8k L, asynchrony 23BH
Lkt ofz. ¥7- amplitude ¢, [EFRFFOUL
FEOIKRTAEMITRENT.

Iv. & =

EHAMORI 7T UXA YT 70—, itk

DERZ IEBLMMIC2M T2 E AR R 2 HET
» B2, oA, F— & TUERR 2 ERE T
3120, HHIWEEOFEHRA 2 R 24
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FENRH 5. EFELEKD LVEF oo Tid, 2400
DO ISEREH TR B OOV A H D L
SRTWD 2, JGFTfERR O #oRikic>n T
RIS T .

bivb VI AN 2 F VT, e ieE
FHOZEMN, R 7 FoRE R R AR T & 7203910,
AERPTER w2 T 5 FH L L bic, K
EEEHARRHC ORI L T, = ORI L BRM
BRI 2t L.

HEMOMIT Iz LVEF 134 55A, k4
it 2 b7 7240 SD L FEBMNRRE L, EHAR
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bHBHFE2 MO F—2 THLRIPTREL Ex bR,
bhvbhid Zh b EBBREOKRFT X Y, LVEF 3
10%, SD it 15%, REF (3 4)#i:) 1320% L1 - %
BEOLEI L EXFHMIIL7z. 713 REF 8 43 i #:
X, EEAMOBICEIAEY L EL b

PLARMENT R (X AN 2 40~80IC X4y LT, Zh
ZhoRRMBE»SHEHBLTH3ICL 2 0b b,
REF I Y BB OEREEE R L 7225, 20
HELLTKRDZ EBEZ L.

i) REF 2MEiRRE L SUERB O 2 g2 &
L THEHLTWEDICH L, MARRT A B
BwEmEHBITLIL TV S0, h vy NRE
L DHEHEBE Z Iz v,

i) RGO K & ST AULE OB D F 5 FEE
EEEZITIT W,

IFE D ZE[IR) 7 Kk & & L BRI 2B H & Bt
T2 03EFREIS 5 92, wTFhickk
JRPTBEEE) O GG ek D 2 S 0 ZRAK & &
ERD D FHEN L, FREMBESEEITMT 5B/
KT &k L 72 3dHBE~BITH_&E b ELL
N3, RRCEBEBN R, BRBSK L Y Bl
HE+ 5 L vbh 323, 2he&Blro
ERANCFHET 2 Z LOEHRIKE N LV B,

FRR BNl DG T, PoldiE TIESERTIC
&% LVEF OJED R L L bic, £ oflTH
FTRESEB R 25 = LSRR & 72 o 7o, itk
DHREZEOFIRIELH (sensitivity) ¥, SD T

19 3% 2 5 (1982)

86% & LVEF (93%) ({ZiEV B W AR & /R L 7.
BhEMIC X 5 LVEF RS0 S gt O
BUSMCLHIES TR, MR IEZH (spec-
ificity) % i % Bk CAE & Hl v I PTBEREE)
ERFMEEE L bh 5.

bivbh o Hv AT T, 32x32< Y
v 7 RACEMHLTHELTWwD 2 L, ¥k v =
KT 0B & RAFH AT 28O THNT, &
2 h 7T AFTRORICEFERIC B v v bR Nk
L7z Voxel #5217 = L T, HEIAWOEE K
FOMBERL S v v PRRIC X D EE & D75 <
TEBLEZOND. ¥kt R N T LARRIEIC
F, —OdfE—JE (360°) &35 b o R HEseh k(]
(msec) TRTLOONDH Y, EHIFLWHO, b
NbFHTE VT, EBHAROBIC—OND
MR DS MR I G < T o e BRIC b, A AIREET
HBHELERTZILENBTEI.

— A% o amplitude image (= X % FFAillizk
¥, phase Z X RV E RS o7c. ThHiZ
7— Y = —KIELL TRIGHEDO K E & &+
BPTEHRNZ LY, OB E 2 MK T E
Wz ik, MERELGER, SBRETHEON
ENHEND.

ASH%EnI, R—ACHEBANRE —EIC L
B0 B DR, voxel FoRiEOF il ¥ I RE
M RFEZED TP L L L bic, BRFIOERE K
Katic X % efficacy study 2D T FETD
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Summary

Quantitative]Evaluation of Regional Wall Motion in Stress
Gated Blood Pool Study

Nagara TaMAkI*, Takao MUKAT*, Yasushi IsHi*, Kazutaka YAMAMOTO*,
Kotaro MiNaTO*, Toru Funta*, Kanji TOrRIZUKA*, Shunichi TAMAKI**,
Akira YosHIDA**, Kazunori KApDOTA**, Hirofumi KAMBARA**
and Chuichi KAwAI**

* Department of Radiology and Nuclear Medicine, **The Third Division, Department of Internal Medicine,
Kyoto University School of Medicine, Kyoto

Quantitative evaluation of regional wall motion
measured at rest and peak exercise by gated blood
pool study was attempted using temporal Fourier
analysis (phase analysis) and regional ejection
fraction method. The value of left ventricular ejec-
tion fraction (LVEF), regional ejection fraction
(REF), and the standard deviation (SD) of the
phase distribution histogram were basically and
clinically evaluated.

Reproducibility of the LVEF and the SD was
excellent even in two-minutes-data acquisition
(correlation coefficient between the two observers:
LVEF; r=0.96, REF; r=0.91, and SD; r=0.96).

Five normal persons and 14 patients with angina
pectoris without prior myocardial infarction were
selected for gated blood pool study both at rest and
during peak supine bicycle exercise. In all the
normal persons, the LVEF was elevated and the SD

was not changed indicating increased left ven-
tricular contraction without significant asynchrony.
On the contrary, in 13 of the 14 patients with
angina, the LVEF was unchanged or decreased
(sensitivity 91 %). The SD was significantly elevated
in 10 of the 14 cases (71 %,). Among the rest of the
four cases, two showed abnormally high value of
the SD at rest or during exercise. Thus, the phase
distribution histogram indicated asynchrony in
12 of the 14 cases (sensitivity 869%).

We conclude that phase analysis provides reliable
and valuable informations in the detection of
regional wall motion abnormality in stress gated
blood pool study.

Key words: temporal Fourier analysis, gated
blood pool study, regional wall motion, angina
pectoris, stress test.
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