(R #)

R H I I 0 B AER AR RACK ¥ 5 2= YA I,
PR R L CEBREE D EITDOWT
—R BIESG M, FHEL 7 —MEIC X DR —

wA AT ORE EWT OmE fC R B
Wk S WM SR AN A M e
A EA RN AT B B

By AMGEFHKICHT ARG, IR X CEBEEOBIC OV TRM Lic. #EH
10 44z, 7U¥AFr v v 2 ARHEL, WEMLEZ 40 mmHg L7 &/ FEMET, VAME
— FLEREIOS—viEic X Y, ESakiise RED VIEFNE I OHEHmicERL, EeoiEie
ROWBE L7z, BARRKICL Y, IHEHIRETH 2ERHER (59+5 to 48+6%; p<0.001), FRBRHEEEE
(2.784+0.52 to 2.13+0.32 EDV/sec; p<<0.01) {3 EIZIET L7z, R 2 & IHEARN & TORERH (3374126 to
386435 msec; p<0.01) (X HFICIER L7, {ERMIOETH 5 RAFMEE (PFR) (2.9610.66 to 2.27
+0.70 EDV/sec; p<0.01), FisR (FF) (3811 to 274+11%; p<0.01) 3 FEICIET L7z, ¥z, EFHIHE
DL %7F AC/SV (1943 to 254+5%; p<0.01) A iM%, %72, PFR, FF 83X UWAC/SV 0 H
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ENNcRT 28 EHROERE, BDORBD %4APFR, %AFF BX U %4AC/SV L¥+5L,
HOWHEZ ED (1=—0.72, p<0.05), %4FF & %4AC/SV ofic b FEOHHMEE
REETIIAERATHERCLY,

%AdAC/SV Dz
7z (r=—0.79, p<0.05). IEX Y,
KM EEREOBEENERTS L EX b,

L [ELC®Ic
BAM ST T, OBREZ MY 2 |G
ZBENRTWBIY, < LFF— b i,
vy AR, FRAR, RAROELoREICo
WT, JFERB VBB TE 3 F AR D
%0, T niew, FEEREEIHEED A H
WHH, FOEREIRERTHSS, L,
2 VFF— NETIE, BELEOT-FEMEL
THREMBRZENT 2720, ELH O R-R [
BOEBRKENE, ERIBEORKEZIETL,

°
N —

* A RFEERH =N

** BT S RAEEE

Zft: 6047 A4 H

HAEZAT 1 60410 A 31 A

BIRIFER S | i n RFEHi/NE1144 (8 755)
A KRR B AR

H oA A

%dPFR ¢

PEREIRARESEZ Y,

L IR E O TMEXRETH D, T oy,
R A BIEH IS L O S SR ihBR & fERR L,
PRER MO FELThh 3 X5k -7, %
ZC4ME, REH»BIEGMR L OHELMICUET
B 0HRHL S —VEEAWT, BEEECBT S
AR AR O £, TERRES X
VEREBE0ELic > TRE LTz,
II. ¥REBLVAHE
*5ix, REE, M X, OER, == —
M, SEBEFGOHY Y F ST 74—, EITEE)
BRHLT—NETORBERES W EHE L0
&, BS54, 454, FHFHIS 135 (m+S.D.)
Th5.
Bekaic, 9mTc-HSA 20 mCi »##ik1%, T
B2 3T, MLAO 45° o H[A1 L Y, L7 —nA
A= T R fE T L. T F XY X b E—
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FEERHY, 4000 NE L. REHBOT
— 2R, TUXA T2 1.5 pg/min ©
REFFELRBL, M1gZLich 7Bk i
Ez#lEL, DEME=%—-Xv.0HEZHAEL,
INHESIME 2 %7 40 mmHg FH &+, EHRREBIC
BolcBERE Y, RifLRkc T — 2 INE %
fTol. BoNTF—Z XV REZ VY F—L L,
REMBIEAFAB LCHEFRCT—F 2 MEL,
17v—A130msecDVFH— A 2—C 2R
#E L7
MERESRESROA 2 — P OESHER
R BLEIRERE L, ARG TESE
Bizc, Yy 7779 FEREL, EFAOES
FRHRE, To—RMSHBRERD 2. HMHE
NERrLREIRREIERMEED . 2T,
BLISRREDENC X 3REEFF Cenic, JH
FHE & R—oBLERZ Ay, HhmoEERE
B % SR 7.
IESmoERFRMAHE Y, UToREZEH
L7z (Fig. 1).
i) BEHE (EF)
i) FABRHEHEE (PER)
iii) R J& X v PER % Toisf (TPER)
iv) R E X Y IHERH % < OR5H (TES)
v) TPER/TES
vi) RKFEHHE (PFR)
vil) IRKER#I X v PFR % TR (TPFR)
viii) R-R B2 5 TES # B[ 725 (DT)?
ix) TPFR/DT
X) FEmwE (FF)1
Y¥hHRoERFRMHEL Y, kofEr kD
(Fig. 2).
xi) EZEFRMGICT 3 .0EFSR (AC/SV)
OB, FHEREL S = A A=Y v T OERNC
FLEE L7 LER (B 0 HEE 100 mm/sec) X Y,
PEOME Y25 RECTEAE CORM P-REF
M) ZHBIL, DEOESIAIBRANERME L
T 40 msec # B\ e &, HHA.CBEIUED B
WMTB3RALELT, LEFEEACSY) 2R

7219,

23 % 3 5 (1986)
100%
FF
130T
0%
PFR
k—— TES ——

v
b3
S [ TPER —)'
w
5 3
S k— TPFR

PER

Fig. 1 Left ventricular volume curve and its first
derivative curve generated by the forward
ECG-gating method.
PER =peak ejection rate, TPER =time to peak
ejection rate, TES=time to end-systole, PFR =
peak filling rate, TPFR=time to peak filling
rate, FF=filling fraction, DT =diastolic time.
PER and PFR were normalized for the number
of left ventricular counts at end-diastole (EDV/
sec).

100% AC /l\

K PR-40 sy

0%

Fig. 2 Left ventricular volume curve generated by the
backward ECG-gating method.
SV =stroke volume, AC=contribution of atrial
contraction to left ventricular filling. Onset of
atrial systole was determined by subtracting
40 msec for assumed atrial electrical-mechan-
ical interval from the P-R interval of ECG.

fH 3B, Searl fil PHO/GAMMA LFOV %l
TUH—VFU—vavh AT, T—FUEK
By v F %y 7 1200 2 {ER L.

m. # R

TUXFTF UV ARREICE Y, EHMLE
1 1184+11 mmHg X v, 157+10mmHg ~ | &
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Table 1 Change of systolic phase indexes during angiotensin infusion

Systolic phase indexes

?ySt' BP) (b i ) E TPER TES
mmHg eats/min F PER PE

(% (EDV/sec)  (msec) (msec)  IPER/TES
Control 118+11 61+5 5945 2784052 163435 337426  0.4940.10
Angiotensin 1574+10*  58+6 484+6*  2.1340.32%*% 172447  386-35%* 0.43+0.08

Values are mean+S.D.

*p<0.001 vs. Control **p<0.01 vs. Control

BP=blood pressure; HR =heart rate; EF=ejection fraction

EDV/sec

60 { 1
z

40 msec

30 e

T 400
0
300

200

i
1

0

G e 100

o T— .
% } g

e 03

c . . 0

PER msec  TPER

300

P

e

—_—

J; NS
1

A C A

TES TPER/TES

0.7

{, 06
; {%{

A c A

Fig. 3 The change of systolic phase indexes at the control state (C) and the angiotensin

infusion (A). *p<0.001, **p<0.01.

L (p<<0.001), [f%¥ux 6145 beats/min k9,
58+ 6 beats/min ~{& T + % {FH A iZ & - 72 (NS)
(Table 1).

1. IRéEHATRIE

BRATWARIZ X Y, EF (594+5%t0484+6%; p<
0.001), PER (2.78-0.52 to 2.134+0.32; p<0.01)
XEEIIET L, TES (337426 to 386435 msec;
p<<0.01) I/ FE MM L 7z. TPER (163435 to
172447 msec; NS), TPER/TES (0.49-0.10 to 0.43
+£0.08; NS) icix, HFEEEXTD 2h -7z (Fig. 3,
Table 1).

2. HSRHAIEE

HBEARMKAIC XY, PFR (2.96+0.66 to 2.27+
0.70 EDV/sec; p<<0.01) i3 EIZ/EF L7-. TPFR

(179443 to 162+17 msec; NS), DT (539497 to
4924137 msec; NS). 3 X (8 TPFR/DT (0.34+
0.08 to 0.35+0.08; NS) izix, HEEZZEDA»
57z, FF (38411 to 274+11%; p<0.01) iz HEic
{ETF Uiz, Kxtic, AC/SV (1943 to 25+5%; p<
0.01) i3 FEiz#hn L 7 (Fig. 4, Table 2).

Riz, HERHESHABREICRT 2 EBINE
oGO ELEKRET L. PFR, FF 3 X1t AC/
SVoavie—ricad3Ebo@ax, B0
BD %APFR, % AFF X% % 4 AC/SV L+

L, %4PFR r % 4AC/SV offlic r=—0.72,
p<0.05 nHFEOWAEE A b h (Fig. 5), % 4FF

& % 4AC/ISV officd r=—0.79, p<0.05 0
ﬁﬂﬁ*ﬁﬁﬁﬁkﬁeht (Fig. 6).
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Eovisec  PFR msec  TPFR msec or
300
4 \ 800
\ 700
3
{ - } 600 { T
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2
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o— . 0 e g T o oo
c A A c A
TPFR/DT /L FF l ACISV
05 g 60
50 30
ux { }
40
63 { 30 20 {
20
02 [ —_— ) ] e — 10 —
4 L 1
o 1 o T ° T
c A A c A

Fig. 4 The change of diastolic phase indexes at the control state (C) and the angiotensin

infusion (A). *p<0.01

Table 2 Change of diastolic phase indexes during angiotensin infusion

PFR TPFR DT FF AC/SV
(EDV/sec) (msec) (msec) TPFR/DT (%) (%)
Control 2.964-0.66 179443 539497 0.34+0.08 38+11 19+3
Angiotensin 2.2740.70* 162417 4924137 0.35+0.08 27411* 254-5*

Values are mean+S.D. *p<0.01 vs. Control DT=diastolic time

Iv. £ =%

BAMEELS &, DHEEZHET 2 & 5T,
PAT» bfTbhl™d, L=k Avic#iE b
BENRTNBLY, S, EFEEICRT 224 %
AT RICRT 2 FHEIRE OB i >» TR &
ﬁok.

1. YiEHATRIR

PER 1%, #3k XY EF LEKEOEL &2 R T8
L &h9, PER OKTiX EF 0KT # K3
b0 LEXbR. SEIOKETIX, TES i3F
BB, ZoZLix RoZAIRES D
DrEZLhE. Thbb, TUVXEFTFVvyvo
EREEEc XY, —EOANER, BEAEEL
LAanh#EntsZL?d, BIUVRAFHERIZX

Y ejectionrate RXE T35 & ThH39. TPER }
BinEmIcd - 7223, TESTHIIE L7z TPER/TES
CRERELBDT, RAMHEKICL % TPER O
#ahmx, TES OIERICHED AIREMAEZ X bhiz.

2. HRRHAIEER

TPFR, TPFR/DT i, JRHILTXEEMT 32 &
BEDHTWB R, EETIHRAREKIC X
>T, ThboRECFRAEMIBD LT,
COEEIIHAL M TEP o7,

PFR i34 ODREBCBWTET ¥ 32 &2
HbhTW3 B89, ZpigERK O b > FH
2NV TEREE  OBER R S T 5619720,

Bonow 519X, percutaneous transluminal co-
ronary angioplasty (PTCA) 4, PFR 3gkEL 7z
TLEHEL, ZoREL L TR DR L

Presented by Medical*Online



(EEF BT 2 AMBATHEKCH T 2 EZEY, RS X UEBBSOEic oW T 217

kA ACISV

180

- 50

Y=-1.4X+2.3

n=10

r=-0.72

p<0.05 - ®
-50 0\ 10

°l A PFR

Fig. 5 Relationship between 9%4PFR and %4AC/
SV. %4PFR, %4AC/SV =percent change from
the control values of PFR and AC/SV to those
observed during angiotensin infusion.

»#%, Gewirtz 520k, BMERIZBNT, £
=2 relaxation OEE DA T, filling rate KT+
Bz L#mLi. La L, RIED PFRIGILER
AUV Mo THEZLTWS e, HHXH
BEREZRTWEDOAT, BEOFMELRE K
LTELY, FRARBETIAVWETHBELD
%22, Magorien 5201%, fE4 OIBERHIAHE
SRTRBICBWT, PFR LRERD oM EE
D 0, 1BAHic PFR (X relaxation /R
THETHI LBREL TV 5.

£ HBATTH K 12 %t U preload reserve 23 ff)
T ENMBENA TRV, HHRARABORMAS,
PFR 0{ETIcBEL TWaAIEEMLE X b h iz
B, SEIORFTREMERDTRLT, 48D
Rt EST 3 LBbhiz.

—J5, Karliner 529 1%, BMERIZ B W T,
phenylephrine iz X 2 BARE KIC XV, BER
(D) BT sZ L2BELTNWD. ZoZ eh
5, HBARHAREO PFR 0K T relaxation »
BEELRBLTWS LEX bR,

%A ACISV

- 80

+ 50

Y=-1.3X-0.9
n=10
r=-0.79
p<0.05

s o\ 10
b AFF

B Fig. 6 Relationship between %4FF and 9%4AC/SV.

% 4dFF =percent change from the control value
of FF to that observed during angiotensin
infusion.

Y7o, BAMHKIC XY EERHMIAMORMSTHE
o TWwhid, IBREE-BAREBfRCRNT, &
o LA EFcBETsZ iz, avS
SATVADETHREZ A EELEZEZ LB,
avFIATUVADRTRREBINE, TDkDHIT
filling rate XMET+5Z ¢ bEX b3S,

Reduto 5?0 FF %, REHIORE ORHY
ERLENE D, SEIORMTL, BAROH
KX VEERIETL, BANHKIK X3IER
BoBEELZRTLEZ, LIL, Z0EENR,
DB ShsZ LS h TR Y29, =
BE, SAMHACIY, DEESBOERICSH Y,
DK, SHBOBRMNBLELBbhik.

3. AEHERUEE L AERBOFEE

EENENHFERERT AC/SV 1k, #HARH
Kz VEEIEML, BAFREKICX ) ERR
MoOBEESEMT 5 LIRS, RRIDIZE
Wi, IEEHOHAREE L TREECE
B0 #nTsz Lk, X<mbhTn
5 10,11,13,16,27~29)‘ ﬁﬁ%‘?l ﬁv\ T i) 5 m‘: gE E_ m
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niEETH 5 PFR, FF 0L bR L EENGEOE
E#73 ACISV nZ{LER, #HEz =L, &
HOBAREAIR X 3 HREREHOFTAEEFCIL
T, REEECERBGEOBEEOHMAREZ S LE
Y (el

V. # B

e O BMERATHERICX T 2 EZIE,
WRHIIRESR X CEBIE OB 0z Sn T,
R IR M - G L7 — R X Y RETL, B
ToREEEx,

1) IkE#HIoieEcH 5 EF, PER i3ETF L,
TES 3iER L7z,

2) WERHOETH S PFR, FFIHET L
SMgATOBMACH L, LREEMHAREESE
ThtEZLNT.

3) ERENMEOFERERT AC/SVIiZEmL,
ZDZEkR L PFR, FF 0 bE 0ffic, ¥ AHE
R,

PDEnz Ly, @EETE SUERAROHE
Kk VIFREHIRAREESEZ Y, RfitkicE
BIE0BEEROMANRL 5 Z LTS hik.
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Summary

Analysis of Left Ventricular Systolic, Diastolic Properties, and Left Atrial
Contribution During Acute Increase in Afterload in Normal Subjects:
Assessment with Forward and Backward Gating
Radionuclide Ventriculography

Yuji FURUTANI*, Masaharu OzAkr*, Tohru IKEzZoNo*, Takashi YAMAGISHI*,
Tatsuro SHIMIZU*, Hideki YAMAOKA*, Kazuhiko MATSUMURA*, Reizo KUSUKAWA*,
Yoshinori TAMURA**, Akito MATSUURA** and Akiteru ARIMA**

*The Second Department of Internal Medicine, Yamaguchi University School of Medicine
** Yamato Hospital

The left ventricular systolic phase indexes,
diastolic phase indexes and left atrial contribution
during acute increase in afterload were evaluated
in 10 normal subjects. Radionuclide ventriculo-
graphy was performed before and during angio-
tensin infusion. The systolic blood pressure was
increased about 40 mmHg with angiotensin
infusion. The data was acquired in a list mode and
left ventricular volume curves were constructed by
forward and backward gating from the R wave of
ECG. The systolic phase indexes: EF (ejection
fraction), PER (peak ejection rate) and TES (time
to end-systole), and the early diastolic phase
indexes: PFR (peak filling rate) and FF (filling
fraction) were calculated from the forward gating
left ventricular volume curve. Left atrial contribu-
tion (AC/SV) was calculated from the backward
gating left ventricular volume curve.

During acute increase in afterload, EF (59+5 to

484-69%; p<0.001) and PER (2.7840.52t0 2.13+
0.32 EDV/sec; p<0.01) decreased and TES (337+
26 to 386435 msec; p<0.01) prolonged. PFR
(2.96+0.66 to 2.774+0.70 EDV/sec; p<0.01) and
FF (3811 to 27+11%; p<0.01) decreased. In
contrast, AC/SV (1943 to 254+5%; p<0.01)
increased. The percent change from control values
of PFR, FF and AC/SV were %d4PFR, %d4FF
and %4AC/SV. Significant correlation was present
between %4PFR and %4AC/SV (r= —0.72,
p<0.05), and also between % 4FF and %4AC/SV
(r=-—0.79, p<<0.05).

These results indicate that in normal subjects left
ventricular early diastolic filling is impaired and
left atrial contribution increases during acute in-
crease in afterload.

Key words: Gated blood pool imaging, Systolic
phase index, Diastolic phase index, Atrial contribu-
tion, Afterload stress.
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