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BHELFHMTE LI, FInoBohs)E
IERMRY 7 — ) TEKEARIL T, AR
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WTRRET L 2.
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WNFF— L VRO EEFHRLY, Ko 3
BEIC/Y L 7-. CAD-1 # (60°%LL |-), CAD-2 #f
(40~59%;), CAD-3 £ (39 %LL ).

PERE 199 Te 1 o U AR fER & 4 20 mCi
B L, PHRICEL 21053 X D, Lo X <
ST X B ERTRME 35-45°, BEMIIC 0L BT 72 47
By F 4 25 (Hyxff Gamma View H)
AIBAEL, SRR T - A A=V v T EREITL
oo A A=TERY 2 hE—- FHEXE H W,
7 — 2 uEEEE (HS7#5 HARP) (U L 7=,
EFFUILELIAO R-R [HfRE 2 77 A& L,
UL & £100 msec LA Eo>F — & ASEE AR
meLThrELL fibhkT—# XV REL
UYH—=LL, RENPORITEBLO®RIICT -4 %
IEL, 30msec DL DA FHF—hf A —P &
fmE L.

MEmRE SN A=Y LY, ERIEERDIG
WO & 3 L, WA BItGR o ZeKimEs o A7
THICEWIEO Ny 7 759 ROBLERE
E LT, s X 0 RO A RhAR & Rk L
fo. EEBEORBELL TR 6> & HIL -
(Fig. 12)6:12),

() BEHER (EF)

(i) FeKBEH #)E (PER)

(i) PLAR 0I5 K Sl (PFR)
(iv) il (FF)®

(V) LA (AC/SV)

(Vi) DI HE IR K Fe i (PFR-AC)

WO R R A £ 5 7o, Fesghiig
KGO TR FO A P E L, O 50K
B BRIP4 FToEY 84 ML
(Fig. 2). %MK T Ny 7 75 % v FRIERIC
Honrc iR E, 77—V = 3REE
THIBGEELL 72 (Fig. 3). A BOEEB O 2 5 o K
WU FEM O X %R0 HBRE Lz, ARNATOBRED
fREL LT, SRy v ko2 BH L /-
(Fig. 1b),

(vii) Pt (rfEF)
(viii)  JoyPrfe KBEH 3% (rPER)
(ix) R n o it KB £ T o ('TPE)

22 % 2 5 (1985)

(x) Witk KASii )L (rPFR)
(xi)  WUREAI D © o) 1T e K Al £ T oo i 1]
(rTPF)
(xii)  UfEAW £ TorH (FTES)
FEDEREIRE I >\ T, /A 8 o &
D mean-+2SD A EREIPH & @iz, AL
BEEO IR0 5 ¢, rEF, rPER, rPFR (=0 T,
KKK = Lol Ao mean+2SD LAN 4 1F H &
BPHLiEw 2. %7z rTES, rTPE, rTPF |25\ T,
BOBOOEFOLERFEMMBR L D 4 AL AH TES,
TPE, TPF # &L, Z4 6 Offio> +90 msec L
N 7% 143 (synchrony) & L, 2 1K o ik &

backward R wave forward

100% AC

FR-ACT|

0%
(a) Global parameters

backward R Wave forward

100% rPER  rPFR,

0%

(b) Regional parameters

Fig. 1 Global (a) and regional (b) left ventricular
volume curves from the multigated forward
and backward data collection. Various indices
are obtained.

EF: ejection fraction

PER: peak ejection rate

PFR: peak filling rate

AC/SV: atrial contraction by stroke volume

PFR-AC: peak filling rate during atrial con-
traction

rEF: regional ejection fraction

rPER: regional peak ejection rate

rPFR: regional peak filling rate

rTES: regional time to end systole

rTPE: regional time to PER

r'TPF: regional time to PER
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Fig. 2 Subdivision of the left ventricle into 8 sectors with equi-angular spacing. Regional
volume curves of the 6 sectors excluding those in cardiac base were analyzed.

1D=YAWAOTO. *REFP-1

Esection Frastion (%
Esection Rate (1l sec)
to Peak EJection Rate (msec)
to Endsystole (msec)
Filling Rate (RF) (1-/sec)
T to Peak Filli ? Rate (msec)
Filling Fractjon (X
Atrial Kiek/8U (%)

Fig. 3 Curve fitting of the regional volume curves using the 3rd order harmonics of
Fourier series. Optimum curve fitting can be done with eliminating statistical
noise.
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BE 2 22% 25 (1985)

SEC.

Fig. 6 Regional curves (green) and left ventricular volume curve (red) in each sector
segment in the part of forward formatting in a normal case.

Fig. 8 Regional curves (green) and left ventricular volume curve (red) in cach secctor
segment in a case with anterior myocardial infarction.Note mild delayed emptying
and filling in septal and apical regions (seg 3-5).
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490 msec LA |4 4 IX I 4
(asynchrony) & b & L7z,

LLEDODEREOFREE O BB EHEIC K ST, i
1P O BB 3441 & Gl L 72,

b O HE Bl & FF 1

oI #% 8]

1) ZEOLHBEETFE

Figure 4 (¢ /R MERE D 6 S OFEEEORER 4R
4. CAD 1~3 #idpido L 59, £EEBEHR
(EF) ic oW TAMBEL TW 5. 3 A Ti3 42l EF
1260 L ETd - 7z, IHERITRIE © PER i CAD
2 o #f%, CAD 3 #o 26| TREKHE & 7
L. —HimE#ifsEo PFR 13, CAD 2,3 o
88U M EMEfE A RL, CAD 1 B0 | il T i

iEiCdh 7. FF 3, CAD 2, 3 B 7T%»n BH &
»  p<0.05
e *¢ p<0.005 —_———
EF —_—— PER —0 ——
% : EDV/sec ,
H .
wp = ¥ i S
""""""""""""""" 2 . s
o S L B
[ 2 - .
2 s 1 e $
0 0

N CADI CAD2 CAD3 N CAD1 CADZ CAD3

——
—— 8 ey

PFR ™ *— FF e
EDV/sec . % 3 -
. . v i
A or L
2r .. . .
e T 20 H LI
3 : """""" e et |
: w2 10
e &t .
0 0 \—‘{-_.7
N CAD1 CAD2 CAD3 N CAD1 CAD2 CAD3
AC/SV —» PFR-ACr ped—
% : EDV/sec—«— .
of il Pon s
----------- E . . o
. ¥ 1.0 oo
S | . oo . . o
o : - " w
L —ed .o
of ; BE[ - .
— [y
0
0 N CADl CAD2 CAD3 N CAD1 CAD2 CAD3

Fig. 4 Results of global indices in 42 cases. Coronary
artery disease (CAD) was subdivided into
CADI1 (EF=60%), CAD2 (40 % <EF<60%),
and CAD3 (EF <40Y%,).

RLUTHR Y, BitEOEE T 2 s LR
DRENFERICHE D & hiz (Table 1), fh L5
KGO D AC/SV 5 L U PFR-AC i3 CAD 1,
RTHEICEHBEERT L o o, CAD 3 BTk
L LAKIEZRL, DEIMEOMEGE, BETR
KECHETROLANILKRDZILVFEIH
7z,

2) EEFATHEEITME

FESE AT OERE O B IC S W T, IR OIR
BOAFIRIEZR (sensitivity) % Table 1 i £ & o
7z. TEF TRE &R LIzONB22H]TH - fe Dot
L, rPER 2184, rPFR T{X23filic & % 75 #
5. asynchrony OI_E X rTES T 194,
rTPE < 18 ffil®> ¥R L, rTPF T
X220 B bﬂ%ﬂt 20X ) I RPTERED
FRBC BV THLINESEEY: L VS cAHoh
BN B - 72
Zh o ofsE s DrEF, @rPER & rPFR, 35k

Table 1 Sensitivity of each indices for diagnosing
coronary artery disease

global indices:

ejection fraction (EF) 18/34 (53%)

peak ejection rate (PER) 18/34 (53%)
peak filling rate (PFR) 24/34 (71%,)
filling fraction (FF) 22/34 (65%)

14/34 (41 %)
5/34 (15%)

atrial contraction (AC/SV)
PFR in AC (PFR-AC)
regional indices:
regional EF (rEF)
regional PER (rPER)
regional PFR (rPFR)
regional TES (rTES)
regional TPE (rTPE)
regional TPF (rTPF)

22/34 (65%,)
18/34 (53%)
23/34 (68 %)
19/34 (56 %)
18/34 (53%)
22/34 (65 %)

Table 2 Results of the regional indices in 34 cases with
coronary artery disease
regional indices
rEF Ab Ab Ab Ab N N N N
rPER or rPFR Ab Ab N N Ab Ab N N
N
4

rTES, rTPE or
rTPF Ab N Ab N Ab N Ab

No. of cases 15 2 3 1 4 0 5

Ab: abnormal; N: normal
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Fig. 5 End-diastolic and end-systolic image (top) and
left ventricular volume curve (bottom) in a
normal case.

Table 3 Values of regional indices in a normal case

sector No. rEF rPER rPFR rTES rTPE rTPF

2 31 2.5 2.1 330 120 150
3 39 2.7 2.1 330 150 180
Rl 51 2.8 2.3 330 180 180
5 56 26 24 330 180 180
6 61 30 25 330 180 120
7 53 2.7 2.1 330 180 120

O QNAHOIRE O 3 S L, BE OBEIcH
WCHEtE Nz 7 (Table 2), 3BEL & B¥ 455 L
2D 5] (44%) T, WFRHIEH TH > 200
44 (12%) Td - 7=. %7z rEF »IEH © rPER,
rPFR £ 72 i3 i AH O B 5 A 6 H 7z 0 25 9
(26%) iIcoiED, EF iz Toh b ofgEic k
% Al O L EE A R X AL 7.

) EHETFR

fls AR 7' — g & s iR %
Fig. SR L7c. EREOIGEI R T&H v, EF
67%, PER—2.0 EDV/sec, PFR—1.7 EDV/sec &
OB EFREN TS - 72, s 844H

2 5 (1985)

8 D N ™ N o« - 8.

D e U —
% ® N ® N @ n_'

Fig. 7 End-diastolic and end-systolic images (top) and
left ventricular volume curve (bottom) in a
case with anterior myocardial infarction.

Table 4 Values of regional indices in a case with
anterior myocardial infarction

sector No. rEF rPER rPFR rTES rTPE rTPF

2 30 2,5 1.1 330 150 180
3 30 2.5 1.4 330 180  210%*
4 29 1.5%% 0.9%*% 330 240* 120
5 43 2.7 2.4 330 270* 120
6 52 2.5 2.3 330 180 150
7 50 2.3 2.5 330 210 120

*asynergy: below the lower limit (mean-2 SD) of
the normal values
**asynchrony: 90 msec longer or shorter than the
global values

L TR O Mz AR h AR G a) X, Aessgshih
BRORE) LV HEEHHEE S WS, S IEENAHIC
FIFE—F L T Y asynchrony [I 4 6 4v7c 0 712
(Fig. 6). Jyrashfe 7 — Y =l L <R
X i7-fli# Table 3 |25 L 7-. rEF, rPER, rPFR
FIEFRMIC S D, BSAAHOEEI LES > &R
Y15 L, asynchorny (X8 & Au7ss - 7z,
TS BEZE G O AR 7' — A, 3 L O
R A Fig. 710/ Uz, O 2 i 8
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o> hypokinesis 7% 2« &, 11, EF 45%, PER —1.6
EDV/sec, PFR 1.2 EDV/sec & /5 BBE 13 %5
LTuwseExLN ikt (Fig. 8) ©
s i (seg 2,3) OWHEOIK N & LR B O
T 7 ALAHOJBYE (seg 3, 4, 5) pURME S fufe. T
LUt AR X 0 B & Az R im O RE O $EEE (Table 4)
T rEF R IEF RN TS - 7225, seg 4  rPER,
rPFR O, F & rTPE OIEE 23 v, seg 3 o rTPF
DIER L £ T4, asynergy & asynchrony 73
R E .

Iv. = =

OB O ey i 1k R OO FEIEURE Y 4 17 9 A 2 A
ATL D 7 SR T34 S o R ARREHT B2 0
BHSE Y& L biciagsic e+ 5 L )i i - 720719,
&0 DT PERRI OO BRI A OB R 0O FEA I H
Pk A b b, RIEICE W T R AThiagE ik
BED Fi ORI LITHID L 9 IC1n - 72121318,
Ln Ly & AT iR o M ic i, HeatHEss,
R-R [HIfaE@hic L 243, UK — 0 6 o B
ODFNOREL 0 d 510,

SO TR, ChoOlEs X550 %
B U IR R A L0 EREICEBITT 5 2 Licst
Wiz, ThbtHT—2IER Y 2 bE— FTTWD,
R-RIEBE L 2 N 7T 4k ) REIR & H43BR2E L7z,
F IR O b1 (D fw fes Ay EN,
8 Srihjic & £ o THIBUEIL A 1TV, OB KBIR
SO O U0 OIDHS O NI HIBR U 72,

Ak o el g R o S <, il ifu
CEBO L A IHECHEE O I (asynergy) % 38
W o T L, FHOEAL (asynchrony) 1,
Wi Ic A S -, L Db, rEF BNIEFREN T
b o IBlIcLRFE AL, 2O LD mRTA
AR OB A & & o . A
O R L TH Y, JRERN & IR o 2
MO CEN SN 5 rEF ofsiE ¥ 03, fhigse
ROV & F 2 ONUHE, JERFHE 2 #IH T 5F
PERELZ L hOBELERVEEILNS.
E oA X0 BTN RE O 2R L RTRET S
D, RO & IGEY - RO TERm

i cE 2RI REVWEEZEZXONS.

—HABIC LD, AN b B R
ETITA 5. & D DT DI O FHE @ o~
LF Y — METRERETH Y, RE»LHEHO
WEEN B TH D, ARl ORRG TR R
»% {2 PFR, FF O BHE1HB 6 h, fLRREE
DR S R, —HOENEEofsE R, CAD 1 B
CAD 2 BTl &R L, AFIUE OB 25 £ =
FiEEOMRMH L L TH SO LRI h .
Pz 12 e EE O FEWIC{K R L7z CAD 3 B T3,
D BIE ORI R 2 R T B2 % <, ERIEE
ORMEIIEE RO kD EEZBRI. &
NH ORI FEREO HEE TR L2AH 69 0 #
HE—HTHL0THS.

FEEERERH O M, REN GO RN H—
TIRERSICRT D720, SR v
MR L A 5620 fo pr—ic R &5
R £ ik RR BBEEOREL T T I < W
7z, IWER%O RREEOE 2 7540 5 O A
#ART — # #rEThE, Rikr s oRBT+45
ERbND. LIS E S OISR ORE
¥, R-R HIBREBOFELHRZT 5720, R
Mo OHRBIC L 2ERLARKRTHS H. 41
MO RITIT L - 70y, AL Y AR
FHC 313 2. 05 O B G- O RIE LRt E, 4
% Z OFiE TORHPRFTE 5.

—fRIC Y A R E— FUEE O RS - BT
W28+ 2L ThDH. RETIET — 2 IUER
FTRTORH 24T ) O LIRS ETH - 72,
e ORELIREIPEIS NS ook L THMS
LN L OO, LFUREBICIZDICIRES
KEEPRELEZ LN,

V. ¥ & &

) R JERitEF AR 7 - g LY, &
HE L ORFTOIEE T 1 L OO B IHEBAE O 7T
fli 247> 7.

2) o .0 BB 34 4Tk EF, PER T 18 f4if
(53%) IC B # @D - oizxtL, PFR T 24 4
(71%), FF T2 (65%) & WmBICERFE LA LNz,
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3) BN BE (AC/SVY, PER-AC) ix, EF o
AW OREB TEREEL <L, EF 0 409,K
i OB TR 2 SR EIIC S D, AEOHEE
BEEOREIC X Y ERIE O REREIC NS
hiz.

4) APt B HE $5 1 < i rEF T 2241 (65 %),
rPFR ¢ 23 f5i| (68%), rTPF T22{5] (65%) = &%
WH B, JRPTNHEIKT (asynergy) & (ifH O A
74 (asynchrony) 3@ ICAL L. & D biF
rEF MIEH Tdh - 72 9 filic, rPFR O {LfH <> asyn-
chrony mn 60, Zhb OFESERH 26
.
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Summary

Analysis of Left Ventricular Global and Regional Functions in Coronary Artery Disease
by Multigated Forward and Backward Data Collection

Nagara TAMAKI*, Shusei KoDAMA*, Yoshiharu YONEKURA*, Michio SENDA*,
Toru Funta*, Kanji TorRIZUKA*, Ryuji NOHARA**, Yukisono SUZUKI*,
Hirofumi KAMBARA** Chuichi Kawal**, Yasuhide OQOIE***
and Takashi NAKAMURA***

* Department of Radiology and Nuclear Medicine, ** Department of Internal Medicine,
Kyoto University Medical School
***Hitachi Medico

To analyze left ventricular global and regional
volume curves, multigated forward and backward
data collection was performed in 42 cases, including
8 normals and 34 cases with coronary artery di-
sease (CAD). The data was acquired in a list mode
with R wave time marker and multigated images
were reformatted forward and backward from the
time marker. The systolic indices: EF (ejection
fraction) and PER (peak ejection rate), and the
early distolic indices: PFR (peak filling rate) and
FF (filling fraction) were calculated from the
forward formatting left ventricular volume curves.
The late diastolic indices: AC/SV (atrial con-
traction) and PFR-AC (peak filling rate during
atrial contraction) were obtained from the back-
ward left ventricular volume curve.

EF and PER were lower in 18 cases (53 %) with
CAD, whereas PFR and FF showed anbormal
in 24 cases (71 %) and 22 cases (65 %), respectively,
suggesting that early diastolic indices were more
often impaired in CAD. AC/SV and PFR-AC
were significantly higher in CAD-1 (EF=60%)
and CAD-2 (409% <EF<609%,), but they were
rather low in CAD-3 (EF<40%), indicating dif-
ferent compensatory mechanism of atrial con-

traction for impaired diastolic filling.

Regional volume curves were created by dividing
the left ventricle into 8 sectors with equi-angular
spacing, and each curve was fitted by the 3rd
order harmonics of Fourier series. Regional
ejection fraction (rEF), regional peak ejection rate
(rPER) and regional peak filling rate (rPFR) lower
than the lower limit (mean-2 SD) of the normal
values were considered abnormal (asynergy).
Regional time to end systole (rTES), regional time
to PER (rTPE) and regional time to PFR (rTPF)
more than 90 msec longer or shorter than the
global values were considered abnormal (asyn-
chrony). Regional diastolic abnormality was often
seen in CAD (rPFR: 23 cases (68%) and rTPF:
22 cases (65%)). Furthermore, 9 cases with CAD
with normal rEF showed abnormal value in rPFR
or rTPF.

In conclusion, multigated forward and backward
data collection provides global as well as regional
systolic and diastolic indices accurately, which
permits precise evaluation of CAD.

Key words: Gated blood pool imaging, 99mTc-
red blood cells, Coronary artery disease, Diastolic
index.
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