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TH OEE  EA ER*
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WO B e B

RE BRE*
hE AF**
fali —*H*

KE JAE
FAR EEEM
pi/1: R S |

B MBI VI ATERANT, 77 —RAMRRBERIZEHHBLRI 7 UXA 7744217
V—2 0.02 B THIFTL7-. BOHOERGOEIZL > TELWIEZREMHR L T O —KRMI20, INHE
B X IR oA 0fRBEL BN L 2 0B AR RN L. OFHEE A74) Tk, BXBEH®EE (PER),
INKEERH 1/3 DERIHER (1/3 EF) L EHERHEE (1/3 ER), B AFHEE (PFR), 38X UCHIREH] 1/3 OF
HFREEE (1/3 FR) 25, WTFRLIEFE (6 4l) CH~NEREICET Lz, ROE (104)) Tik, PFR BZEHE
BHZHRTEEIET Lz, DFEESRED 2, EF ZIEETHSIC b b6 7T PFR OETL
TWAHBPEVBD NI, SREHEY Y < 2 S RERE O T 0.02 HEOBEHN T T, IUHEDH
BIORMOBEELAEHT I LB TE, DHEOFAICELbO THFATHS LEL LI,

L T C®IC

DESRE® SBT3 720 ic, EEOREMRY F
L CUMER S X CRBIOE ~ o e 2 HH T
BREN, ELITbhTER., HLRVETUF
FT 74—k o T b LY, LERF
LTSN F T T7T7 40— 0BEAICX > TH
REMICARBBAEONS X D12 - TLK,
BELOBRENE SN TEORRMELE S
hTnB4¢, b o llntd O R B i By TR
BREEEN B Z 5 AT EREEE B 5 2
ENREHESh TR IO, FLERMHE # JHR R )
DIEREICFHET 2 HEOHSLY A TN S,

DERRBL S -y v Fit, 2o RO B
IRy 7770 FoL YV HiokE &L

* R E I RS E R

** RS R T R IR E R
D Al TER AN
ZfH 58411 H 8 H
micFEZAT D S94E1 A 12 R
BIREERSE | AR K 2 Ee) | RET (B 606)

IR E M B RPE FF
T H E #%

F %5135, R-RERS—E ThWEARF i
BBEELNRBENENWIRENEDHD., ZhiZHLT
T 7—ARMASRER, Ry 27T KR EL
EEDOROLD LY FOEER SFic{ v %77,
R-R FROIE 6> E0EEEL S iFic . Lil
BEOTVHF—BIFT U <H 2T TR, REFIEN
iz, 77— R MARETEREMBEERD THE
BELrENT 2 L RETH B,
ZZTAElbhbhix, SREAEBIT V<~ AT
PRANTT7 7 — R b2 BICE YV ESERMRE
Ko, INNERIR X OCHRBIOE 4« oiEE L HEH L
TLBERE O B4 2 3R A 7.

I. MREAFE

1.

AT PR ERRRIC TORBE T Z0E
WD T 7r—AAZALRITUXFSTT 4
— T LICBES S L, RE - LER - A
BER(rry FIN) - BFE - O TILHY v F
757 4— « BENRERE (CAG) iz Kiz X V2l
BHEELBlextH e Liz. EE NE) 64,
BOME (AP #) 1041, OFFEE MIE) 174, 2
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Table 1 Number of cases studied and their ejection
fraction (EF). Patients with myocardial infarc-
tion (MI) were divided into two groups ac-
cording to their EF

Cases EF (m(eg./s:tSD)
N (Normal) 6 3+ 7
AP (Angina) 10 694+ 7
MI-1 (EF>55) 10 67+10
MI-2 (EF <55) 7 38+11
HCM 5 66+ 8

KRELMBE (HCM B) 5 5o 3384 T & % (Table
1). N#L AP #1x CAG it THERARREDFE
RRER LIz, MIBExBEHR (EF) S5 2 Bift &
LT28Eic4r i) 7z. HCM 13#@8E¥ L CAG i
o TR L, IEXEAEELHE (HOCM) ik
BRo Uiz,

2. F-4pE

SRR~ H AT (F—rTrFura—
7, Baird System 77) #{#H LT, Z77—R&
ALRILTUXA T 77 4 —2MAT L. BER
TEIEL & L, AB#EIR X Y 15~20 mCi
9mTcOs4~ 2R —F AHELT, ZOAEERE
RAO 20° OfIEH» 5 1 7 v — 1 0.02 Fic THRE
Lic. =2 R0 I=arvta—F -z
Lie:

3. F—4u8

Dead time $iIE 3 X U5 da 0 RE H—tE 0
WEEX Lznb, fERO7e 7 02FALT,
FPFSABEER LAY S 2l L. RicESE
DAA—TnbESEIZROLZE D, Z0 time-
activity curve 2457z, Z=» ROI ¥, FEFED
JEERAKH (ED) o &4k & IR (ES) o ft%t o
2+ b b stroke volume o functional image 7»
HCED. MEBHOZV—LE2 Ny 2750
FLLTHELEDDL, EEH2~LANCER
BRI VEZEOFEMBREH . T0O—K
MoyrzFALC UTicrTHBEZEHLE
(Fig. 1).
ILHER D FRER

EF (Ejection fraction) (%)

22435 (1984)

PER (Peak ejection rate) (EDC/sec)

TPE (Time to peak ejection) (sec)

1/3 EF (One-third ejection fraction) (9{)12:13)

1/3 ER (One-third ejection rate) (1/sec)!2:13)
LRI O FEER

PFR (Peak filling rate) (EDC/sec)

TPF (Time to peak filling) (sec)

1/3 FF (One-third filling fraction) (%)%

1/3 FR (One-third filling rate) (1/sec)”
DFE A D TR

AC/SC (Atrial contraction count divided by
stroke count) (%)

7275 L, PER & PFR OJEH#HIc o\ T, BHAY
KRTE [AR/FEl L LTnwd 0T, ZZ
Tb R /ReM] & L, IEERAEI A ¥~ (EDC)
TR L BE & T 2 2 O F#ERSD 2
5o THAL% (EDC/sec) & L7z. 1/3ER 0ER
TIIENE L7 ST IS i b o 7. EORER, PER
DO¥fE L 1/3 ER 0¥t ixv ¥ h b EDC CTiE
L LR OT, MELZEBELEKRT2ZEMRT
5.

BB, MTHo TEELT~ErLV5HER
DN TIARFZE TR Lisd - 72,

4. FRATTREBIDRRSH

HECEL TUTORE MBI AR L L TR
L7e.

) FEARICBWT, FERRHICILH 2 2L
LB FIRUHER AR 22 EH B ] T,
ED %7213 ES 2 RETE 2 b .

2) —KMHITBNT, IHEHORR 2 2Lk
b B FILIEERMO WA 2 Pl EH 56T, PER
¥7213 PFR 2IRETE N H 0.

i, FEHREOEIFESRARZ LD (4
B RS L oA, MR AC/SC EHEAT
i oTz.

FEMTASREGIZ 9 ] (1990) TH o 7.

oI, # £

1. IREHADIEE
EF 3 N, AP, MI1#, HCM gofH
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LV count

SC
EF'm‘ x 100 (%)

TPE (sec)
PER (EDC/sec)
TPF (sec)

TPFIT (%)

PFR (EDC/sec)

AC/SC (%)

i 1 :

1 L
[ S —Tp——————

Fig. 1 Definition of systolic and diastolic indexes. These indexes were calculated from
the LV time-activity curve and its first derivative.

ED: end-diastole. ES: end-systole.
systolic count. SC:stroke count.

EDC: end-diastolic count. ESC: end-

AC: atrial contraction count. T: interval of

cardiac cycle. TPE: time from ED to peak ejection. TPF: time from ES to peak

filling. PER: peak ejection rate.
during the first third of systole.
during the first third of diastoel.

PFR: peak filling rate. Ce: ejection count
Ts: one third time of systole. Cf: filling count
Td: one third time of diastole. 1/3DC: count
at the end of the first third of diastole.

EF: ejection fraction. 1/3EF: one third

ejection fraction. 1/3ER: one third ejection rate. 1/3EF: one third filling fraction.

1/3FR: one third filling rate.

B EE B h -7z (Table 1),

PER, 1/3 EF,1/3 ER X, W¥h{ EF L BT
72 ¥ % 7R L 7= (Table 2).

TPE BBBICHEEZELZRD L) 5 7223, MI-1
B, MI2BEohic TPEDEET 200400
7= (Fig. 2).

PER 3t MEBTTFA 5 M7 L, N
B (F193.64SD 0.4, LFRL) iz b= T MI &
£k Q7+1.0,174) THECIETF L. %7,
MI-2 BB 5 &, &5ic/EfE (1.840.61) 23R L
7= (Fig. 2).

1/3 EF & MI-1 £ (18+7) & MI-2 B (11+6)
ZBWT, N Q7L8) it ~AFEICEWMEL T
L7z (Fig. 2).

1/3 ER %, MI-1 £ (1.6+8) & MI-2 # (1.0+
0.6) Iz W T, N (244+06) IZH_EFZICET
L7 (Fig. 2).

2. HERHADIEE

TPF 3B HEREZLRBD 2 o 7203, MI-1
B MI2 @iz TPF 0EE+ 2 % o<
Zohie. *fz, HCM Bodiz TPF 0 L
EEZRTH0RAR SN (Fig 3).
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21435 (1984)

Table 2 Systolic and diastolic indexes and correlation coefficient between ejection frac-

tion and each of these indexes

Number

Correlation coefficient between

Indexes of cases mean+SD EF and the index
TPE 38 0.17+£0.07  (sec) —0.28 (NS)
PER 38 3.1 £0.9 (EDC/sec) +0.76 (p<0.01)
1/3EF 38 19+8 (%) +0.63 (p<0.01)
1/3ER 38 1.7+0.8 (1/sec) +0.57 (p<0.01)
TPF 33%* 0.24+0.06  (sec) —0.16 (NS)
TPF/T 33% 2445 (%) —0.40 (p<0.05)
PFR 38 2.6 +0.6 (EDC/sec) +0.80 (p<0.01)
1/3FF 33% 3420 (%) +0.88 (p<0.01)
1/3FR 33* 1.6+0.9 (1/sec) +0.82 (p<0.01)
AC/SC 34 3049 (%) —0.33 (NS)

* Excluding HCM group.

BtEORBIC KT 2 0MEDOTEE L L TTPF
% FHE+ % 72, HCM B %R\ T TPF & EF &
OB LR35 L, MHERE r=-0.16 (33 4) T
bote. Lz, TPF L. (HR) & offic
1t r=—048 ([{]33 4], p<0.01) » FFE /xR
Y, DEAHTORWHIX TPF L En & v 5|
FEABD SN, FZTTPF# T GRHELL
TPF/T® % 3%+ 5 L, TPF/T : EF oz
r=—0.40 33§, p<0.05) OEFFE B Z B
(Table 2).

PFR, 1/3FF, 1/3FR i1, w¥h i EF k BiFk
18B8 2 R L 72 (Table 2),

PFR %, AP # (2.840.4), MI-1 & (2.6+0.6),
MI-2 # (1.640.3) iz T, WThb N & (3.2
£03) KHRTHEECEWEZ R LK. Fi2,
MI-1 @ MI2 B LoBic b FEZ2Rk
(Fig. 3).

13FFiX, E62&BKRE» -7 MIETIE
T+ 5EMAH Y, 1/3FR i3, MI-1 # (1.4+0.7)
& MI-2 # (0.5+0.6) © N # (2.3+0.7) ol <A
BICIETF L7z (Fig. 3).

PFR # EF iz LT ry b +5 L, APEEX
i3 MI-1 BB 2 5ER O Hic, EF i3 N g
DOBVWHAPFR BENEFELIVLETFLTNSE LD
ih 7z VB bz (Fig. 4).

IERMOBEO R TIx, N ghicx LT MI-1
BT 58T PFR & 1/3FR 4 <h, AP

BEERHETHATIX PFR 33 Ch Tz,

3. LDEREERODIEIE

AC/SCIZE NEETHLEL2ENKEL, FHT
BEEEZBDAP . Lirl, MI2EoHZ
S0%IETH LD LI RFELLREVEEZRTD
D H Bt (Fig. 5).

AC/SC L EF oflic 3 A E Bz Rk
2 o7z (Table 2). F7z, MI-2 BB - THST
H10, FELMEEEED 2 -7,

4. EHIETFR

Figure 6 {80 5 1 fIF2ER 28T

AP B TiX PFR 0K T % 389 5 (EF=66,
PFR=26). MI-1 #of| (EF=69) Tit, PFR
(2.2) OIETF & 1/3 EF (19), 1/3 ER (1.7) DRE(E
TR 5. M2 #of] (EF=36) Tix, PER=
1.4, 1/3EF=11, 1/3ER=1.1, PFR=1.8, 1/3
FF=5, 1/3FR=04 L, £EELVTHLET
LTw3. HCM 04Tt TPF=0.40 LER L T
w3,

Iv. & =3

7 7 — A MRRERLBREHL S v F
777 4 —LHARTROL Y BFIEEL > TW5.
M) Ry 2759 KR inwn T, E£=D ROI
DEVEH (WD edge detection »REREH) L~
v 27TV RDL Y EOEEL HIIFIZL V. b
bz R—7 22 B 5 O AEBRIREAZ
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TPE

(sec)
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[¢] ©30 LA v
[ ] A
0.1 ® A A =
(e0]
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30 [ ] )
O
N W 4 v
2t @l 8] 4 ]
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[ ]
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10 h : v
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A
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v
PER
(EDC/ sec)
5 ——y ]
‘+ 8
(@ v
A v
gl @ °*
3t 4 A
3 v
A
(-]
2k AL “
?
1k A
N AP MI-1 MI-2  HCM
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A
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O
[ ]
[}
< v
2r P A
o [ J &
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‘ v
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A
A
N AP M-l MI-2  HCM

Fig. 2 Systolic indexes.

fTokh, ZoZeb RNy 275300 FEEbiT
B TBZLICERRLIZEZZ BN B. QRR
BRROEBDOREEE 51Tz Wvw. Lo THER
iz} 2RO BEMEIEVWLEZL O, EE
bhbhORFFE T b KGO IER T atrial kick %
PR T X7z, Q) FPREBNC X 3 DIBOBIEOR
EByPhv., ) REPERB TEE. (5) RAO

view 23E[EE7 0 CEEEBNOFFIc HEL TW 3.
L2»L, 77— MRREREBELADZIT Vb
B, BEEREETL TEx0RER
BHT 3R TP 141718,
SRERBI Y v~ A T XBRE R  RE AR
ZFEhad3nT, 17v—u6002F0BENA]
BTholk. TLTRHEIRXRL-=VVIITL VFIF
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ZE¥ 21%3%5 (1984

PFR
| TPF - 5 | (EDC/sec)
(sec) .
N A——
=
0.4 A v 4 J
A o . s
AdA o] v
°
03 ° AA A 3l O a v
AA v 1) & v
[ A g
o ° v
L AAA ? A
0.2 00O ? v 2 P 1
A A
. = 7y
* A
0.1F 1t g
N AP Mi-1 MI-2 HCM N AP MI-1 Mi-2 HCM
. * P<0.05
*s Pc0.01
(%) O 13FF
il 1
°
o
°
0 -
OI 1/3FR
! A (1/sec)
50 : A i —
. 4l ——— |
S —_——
°| %
o
o v ('Y
3 QI
° 4 v |8
wk © of R
o 5 : ; A v
1 A OO,[ .[ A{ N o
o ° !
2 ° 3 A A
2 ! . 1 _
v 4 N4
10 | é
Q N AP M-l M2 HCM
A
+ * P<0.05  ** P<0.01
N AP M-l M2 HCM

Fig. 3 Diastolic indexes.

BHBREELR, — KBSV BERICRDBZ LR sziem (PFR, 1/3 FR) OWFh b METF L, B

T&7c (Fig. 6). Zhbophi#hrd,

it alpoBanisErBH+2 -

DBERE % 5F HETIINKE RO B IK T LAz 22 o728 PFR
LRTE. NIET Lz (Fig. 2,3). F77, DHEESCHUE

bhbhoER2 LB L, LFEETIIN ohr»rc EFREFTH B3I bbb T PFR
¥ER O 848 (PER, 1/3 EF, 1/3 ER) } HE#iD DIET L TWAHM 74 Y38 b (Fig. 4), PFR
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PFR
5 + (EDC/sec)
r=0.79
oN
4T @ AP
A MI o
T HCM 5 o :__) A
3 | A : v O
v
é °
v
A
AA
2 - A Le
A A A
A A A
l b
£F (%)
1 1 L (! A il 1 1 —_—

10 2 30 4 50 60 0 80 9%

Fig. 4 Relationship between PFR and EF. Note sev-
eral cases with AP or MI that have normal EF
and decreased PFR.

POBSEEIR T 278+ X Y sensitive 235 TH 5
TEBRRBRENT. Th b ORERITLERRIHI
TNy rFE RV EROREL-HBLTE
DN, bhbh o HESURER & UL 8 H o
BELILRBALTVWAZLERLTWA.

%7z HCM T, EFE D ind - 7223, TPF
DELWER ZRTHRNL 22Bdbh, 4%
TOMAL—FL7919:20,

AC/SC
(%)
A‘.
50 - A .
40 - AL _
O -
o7 A v
8 2
30 A -
@ ‘ A Al
o® A v
s
20 + () v| A
1
O v
10 |+ -
N AP MI-1 Mmi-2 HCM
Fig. 5 Atrial contraction count divided by stroke

count.

bbb LEIGERIC W TS 3l A7z,
EF 0f&KT L7z O 5 8 2 (MI-2 ) T AC/SC 23
50%1z3E T B FBRNL o2 b Y (Fig. 5), L=

LV count

First

derivative

b4
L&

N AP

MI-1 Mi-2 HCM

Fig. 6 LV time-activity curve and its first derivative of a case selected from each group.
Each curve represents one cardiac cycle from end-diastole to the next end-diastole.
LV time-activity curve is calibrated so that the top of the ordinate equals end-
diastolic count of each case and that the bottom equals zero count. First derivative
is calibrated so that the top of the ordinate equals maximal value (PFR) and that
the bottom equals minimal value (PER). In either case, the abscissa is calibrated
so that a bin of the histogram equals 0.02 sec.
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BEOET2O0ENUMEL TWD Z EATRRE h.
L2 LEEHTLEL2ERKEL, AETLE
INERZFMET 2 Z L 3RETHELEXORS.
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BbEv. SRIBECKEOREWIHESEORRE
rHEIFEENS.
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BELEEOMAT 5 MikD RI BEE L A%
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REEsRW. UED XS BEBURAED B IC
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BRHIOBEY +OMEL Y 5 Z L ERL TV 3.
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FrRadoninnenws, REEEEORE
Ldhbd.

L2 USRI L b SRR THEAT T & IRHE
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V. & ]

) ZEERBIT~h 252 TERBELT
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LYVEBED LRI,

5) LENERICOWTIE, FMEAEETS -
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Summary

Analysis of Left Ventricular Time-activity Curve Obtained
from First-pass Radionuclide Angiography with Multicrystal Gamma Camera

Michio SENDA*, Nagara TAMAKI*, Yoshiharu YONEKURA*, Shusei KODAMA¥,
Kanji Torizuka*, Hidetomi ITo**, Yasuhiko SAiki**, Hitoshi TOCHIO**,
Haruji YAMAGUCHI**, Katsuji IKEKUBO**, Hiroshi KATO**
and Jun’ichi YOSHIKAWA**

* Department of Radiology and Nuclear Medicine, Kyoto University Medical School, Kyoto
**Kobe Central Municipal Hospital, Kobe

First-pass radionuclide angiography was per-
formed at rest with a multicrystal gamma camera
in RAO projection at the framing rate of 0.02
sec. LV time-activity curve was obtained by sum-
ming several cardiac beats selected from LV phase.
No curve fitting was done. From the curve and its
first derivative, following indexes of cardiac per-
formance were calculated: EF (Ejection fraction),
PER (Peak ejection rate), TPE (Time to peak
ejection), PFR (Peak filling rate), TPF (Time to
peak filling), 1/3EF and 1/3ER (Ejection fraction
and Mean ejection rate of first third of systole
respectively, normalized by end-diastolic count),
1/3FF and 1/3FR (Filling fraction and Mean fill-
ing rate of first third of diastole respectively,
normalized by the count at the end of the first

third of diastole).

Patients with myocardial infarction (MI) showed
significantly lower PER, 1/3EF, 1/3ER, PFR,
1/3FF and 1/3FR than normal group. Those with
angina pectoris had significantly lower PFR than
normal. Some patients with angina or MI had
normal EF but lower PFR than normal.

We conclude that indexes of systolic and
diastolic parameters can be assessed using first-
pass radionuclide angiography with multicrystal
gamma camera and that this method is a useful
technique for evaluating cardiac performance.

Key words: multicrystal gamma camera, time-
activity curve, first-pass method, coronary artery
disease, diastolic phase index.
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