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& B L UMM RSB 288
FREDEERIGIZOWTIE, £ OWENH D
AT B T HOREMIC ESRIGICET 2
I 7,

T v 7= »F 7774 (RNVG) &, &
B EL IO 25 AR BEO RN 12 BIEE DT R C b
ro, JEEiERE, FIRBEOFMES £ LN

* BB KFEESFESE ZNE
B KRR IR
it 79 4H20H

RSN 747 H25H

PURIEE KRG © BEE L RIAETHIGAINT 3-39-15 (2 371)
BB REEETE AR
ABRE FE K

(FEE%E 32: 1079-1088, 1995)
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B R BB R ORHR, EBHEARE LU
T # T RO EER N # (LVEF), EZEHFEOEIL
HRRET L, BT TR —@MC LVEF 258
LR % HE L7, Pfisterer 57 (3, EEHE MK
TR S D b —8&PEIC LVER 238+ 2 31
R % F—/N— 12— b (overshoot: OS) & UK,
ZOWF L L TAMHE THOLERDOBAI L S
FEZIFRIFHOER &AM OS5 2 Mg L7,

il T Bl R LB BEE = 4 — (VEST) %
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LA DORFFETIX, OS DESLEEF ZW O 22§
Licw, #EEB L OEMME R EBEISwan-
Ganz /1 7 — 7 Vifi A FIZ RNVG % ftifT L, k¥
WIS HEE, EBAMEEL L UCRANR TR
LVEF, XHMERILE L Mo M7 EhREGE TR
i€ L, LVEF OZAb L MATEhREEIRIE O %
rRGT L7,

| § A O ®

g, REEBE 16 B B 1061, Lite B,
56+ 8 1K), REIMMLREBESE (CAD) B 15 1]
(B B, 4Bl R 60E105E) & L.

B, M ED DAL, EBlkE
FICTRE 2RO, 2oEEhAN 0T >
v F 557 4 (TI-SPECT) |2 CLHE M % 320 %
WIEBI & L7z, CAD BEEBINRE I T 75% L
FoHBEERZEHED LN, TI-SPECT (2 T
MO R & M2 L 723 OEIERI TH B . CAD
1S BIOREBR B X OEIRAERE X, —HIRE 12
Bl (AT T4THL (LAD) 7 A%, [IFERL (LCX)3 4%, £
EEINR (RCA) 2 k%, FREEBD FIIFRAERL 87.8+
9.2%) & A% 3 B (LAD & LCX: 2 #l, LAD
& RCA: 1 Bl) T o7, 3 BNIEBUIBEM Ll
EOPED D - 72h, WTNOH/IMIETH D L
BEISIEH IR T,

B, AEICHID, EREIRED
B, EREICOVWTHBLLKE, RENHFLNL

32 % 10 5 (1995)

BAICORLT O % ftifT L 7.
n. » &

1) »"Tc EFEHLT—IWVIFITF7T1
(RNVG, Fig. 1) & ZFHEEDEIBIE

RNVG &, AAY 1) v EEDFE 30 5%
1.11 GBq @ *"TcO,~ % ik L CARIMER I AR
L, FELARK, 1OAEH20 %57 5.0
HEH Multi-gated #:12THT - 7o, 213 @ B
) A=Y EREHE LK < H AT (Siemens T
B LFOV) & # » 54 » T L7z SCINTIPAC
2400 (B BEATHE Y % v 7o, (SIS FHL
40 £, SEJTIC 10 FEA A T % HiFHS & 7-Modified
LAO I2TiT o 7o, Zi#FFIZ 13 30-50 msec/frame,
300 AT NS L, KBAMEES X HEMZIC
1%, 20-30 msec/frame, 2 77— 7 WWE LT
e

EBNENT L, RSB R By TR —
7 (EFMER, EM-405) *FWT25W & D
G L, 30T 81225 W F08IN$ 2 AE MRS
YL BB AT TIT o 72, LRNIIEESE 12 3%
M SRR L. BT T A, B
B, LENXLEO2mV U EOEMYESTKT, F
Wi AL D 85%, FRUE OV s L.

fe# B (LVEF) (&, RNVG & 9 variable ROI
P TR A AR 2 R L L 2.

fE SR AR ERR I EDVI) &, BATRE X
k& 7z 1 mEAEERE (S & LVEF TR L T,

Work Load
(Watt)
0 3 6 ) 3 10  min
Rest Exercise Recovery
RNVG Eia - R & 3
Swan-Ganz * * *
measurement
ECG —-
Blood -
Pressure o

Fig. 1 Protocol for exercise radionuclide ventriculography (RNVG) and Swan-Ganz

measurements.
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e AR AR S (ESVI) (2 EDVI & ) ST %
WLT, #RFKkD.
2) MITEHEEDRITE & FEI8IZ (Fig. 1)

TEF BT RNVG & RV TFOFNE T - 7-.

RV LV

Postero-Lateral
Antero-Septal

Inferior

Apex

Fig. 2 Schematic representation of the modified left
anterior oblique view on radionuclide ven-
triculographic imaging. The left ventricle (LV)
was divided into four segments. RV: right
ventricle.

Table 1

B&R £ 9 6 F Swan-Ganz 7 7 — 7 )V % i Bk
MICHRE L, iy, mKamty, DEY3 o8
S UEIAEH 10 5 I ENIRER A E (PAWP), 45
TEAWEL, F7o, BAREIC LD LALE 2
& LU SR Q) ko, & l, BRIE
X, 7/ XA=%FICX0 1 5EIEE L.

FEENGEEOFRIEIZIE, PRI IME /I R
48 (SBP/ESV) %, TR EMF DFHRIZIZ KA MK
PUER¥ (SVRI) CEMIMLE — A BE./ LAt 2R %)
R,

3) AEZEREEEOFME (Fig. 2)

Modified LAO €123 W T, Fig.2 DT & A%
ZRRERRE, OOk, TRE, MARMIBEIC45EL, B
WSS CIER, BEEIHET, IUHET, #IR
fa, FRIGED S BREICoEIL, FhEh 3,
2, 1, 0, —1 L3Fs L7, THFICLLATT
ML KT § 256 1 BnEE) R Bl e L.
4) RETFARRET

TRTOBARNTFIE AR A TRR L7,

Response of heart rate, systolic blood pressure, work load, chest pain

and ST depression at rest, during exercise and recovery periods

Peak Recovery

Rest Exercise 3 min 10 min
Normal Subjects (n=16)
HR(beats/min) 57+11 1211 23%+ 74+ 16** 70+ 15*
SBP(mmHg) 139+ 26 190+ 30** 135+27 134+ 24
Work load(Watt) 74121
Exercise time(min) 10325
Chest pain 0/16 0/16 0/16
ST depression 1/16 0/16 0/16
CAD (n=15)
HR (beats/min) 57+9 110+ 19** 78+ 12++ T72%12*
SBP(mmHg) 144+ 17 180+ 21** 147134 144+ 16
Work load(Watt) 56+ 21#
Exercise time(min) 7.9i2.1#
Chest pain 11/15 3/15 0/15
ST depression 12/15 5/15 0/15

HR=heart rate, SBP=systolic blood pressure, CAD=coronary artery disease.
Values are mean *+ standard deviation.

* p<0.05 vs rest, **p<0.01 vs rest

# p<0.05 vs Normal Subjects
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Normal Subjects CAD
(beats, *x
ml?g‘ J lsq *k
0 0
2
51
& 10 ‘ s * 101 % -
g —
= & Lo
57 L 51
0 0
0 - - - — -
(%) (%)
100 1007
*k *%k
*%
1'/{>\l E
3 1 I
= I
: 50 p<0.05 50
[
p<0.01
0 N ) ! ! 0 L .
*%
(ml/m? (ml/m?2
100+ - 100+
L,/A] *%k
EDVIO '
j l\JJ ) Ebvie.
50+ 1 50+
ESVI =
ESVI
0 - 0 . . £ .
2 2
(ml/m*<) . (ml/m 1
*k
> /(l *
% >
L 1\*}\l 301 ,/m
) l |
>
o
7
0 T T T T 0 T T r . —
Rest Peak 3 min 10 min Rest Peak 3 min 10 min_
Exercise  Recovery Exercise  Recovery

Fig. 3 Left ventricular ejection fraction (LVEF), end-diastolic volume index (EDVI), end-systolic
volume index (ESVI), stroke index and cardiac index at rest, during exercise and during recovery
periods in normal subjects and in patients with coronary artery disease (CAD). *p<<0.05 vs. rest,
**p<0.01 vs. rest, #p<0.01 vs. Normal Subjects.
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few & s L CEMMECREEE BT LB E

B RER O IL#12 (& Unpaired-t test % v, &8N
DeLHEEE, EB) R, BIEHOREIZ IS paired-
ttest w7z,

WITNROBEIC G EME 005 LT EHEE L
.

Iv. ## 2

1) EEEWE, EEFHEERHS L CIEERAN
[£ (Table 1)

KB R, BFEHO 74121 Wan (2L L,
CAD i3 5621 Wan L HEIZ L L h o 7.

BRI O /R BED 103225 /it L,
CAD BEIZ 79421 L HEICEM LT,

UHEHIMLE S, LR TR IS 2 % 30§,
MR L b EBRMESE RIS LR L, EEY3 5
FEHREOIZR - 7.

2) /8%, LVEF, £EFTEH LU SI DR

(Fig. 3)

LU, iy, CEE)EIFTRE S & OmIfE) &
b MBI 2 R0 T, WL b BRI AR
L, EEY 3B L0105 TLRHRICT
LAEBEICHML Ty,

LD LVEF &, EFH T 64.849.2%,
CAD BT 69.2+13.7% &, WEIZEDS LD o
7Z.

LVEF (&, R 8F CRKBMREIZ 73.7£59% &
EIFICH LA RS L, BIFE R 347121378.0
+7.6% & KBAMEEL DL TOS 2R L7,
SHUIx L, CADBECIRAKRAMEFIZIE 59.0+
14.0% & LHREICI LA BEIRED L, BIEE 3 5
(213 75.1+10.1% & ioRAMRCH LA EICRM
LTOS Z/RL7.

EDVI &, fEFEHF CIIBEMFICEARETH o7
A5, AR II TR LA EICED L.
ESVI &, Bk EmARL, DEE 3 5
ISR I LAEBEISRA L.

CAD B Tid, EDVI, ESVI & b i KBk
CAHBICHML .. BEH 35121, EDVIRE
Bl L E= A AD LD o 72h%, ESVIIILHF I
LAEEIZRD L.

HBOLEEN R L — /8 — 2 2 — O HETF

1083

SIiE, #EwRE, CADBEE LR KEMIRICIEA
BN L 2o, EEED 3 i, REEBIITH
B & 23RO L o 7275, CAD BETIZEHRIRIC
SELABEICHML Twit,

3) CI,PAWP, SVRI & & U SBP/ESV Dt

(Fig. 4)

ClLidfE %8, CAD B & beHsIclt LiIRKR
PIREICA BN L, BRI 3 43012 b KRR I L
LN L T e,

PAWP (&, S KBTI AR ICH LmBE L
DAEBIN LA LA, FFICILL CADBTEH
BllmiicTd oz, MHEHI3 512id, mitE b %
FRFOE L ZE RO L ko T,

SVRI (&, %L CAD BERNICLHEEF, WK
B, EEHOVFRICBVLTH HEL TR
OO otz WEEE b RKERTEE I3
E0AEBEIEA L, BIE3 I LRFEL D &
BHBEICRD LTy, KAL) IEFE
WL 7.

few BECTld, SBP/ESV I3, ZWHlRIZHE LiRK
B ICAE ML, BE3aTh#mL T
W7z, CADBETld, SBP/ESV (&, fAfmlcidsy
BLREALIAL N D 72hY, RIS 3 51213 %
FEE B L ORKBEMTIFE D AL 7.

4) [BHFREEED

RERTECIE, iy, EEHE RS X ORI
IRRTREEE R AR Lol e o 7.

CAD BETIE, ZHFFRICIE LK BT 1 B
UL E, BEESIATEAL L 20E 12/15 HlTH -
7. 515 BICIXEIERI 3 5\ CREEB) L H ATED &
nrz. 35 Bl&, LREGITH o7, FRD 26
WXEEFF I LIIERA 3 5 COREEE)ATE(L L C
Wiz, ZOREEF)ERE OB BIERAL L E BRI A O
R E —HLTEBY, LHEMDOKFEEZD
7. T O 2EBIOF LVEF i, LHiHlF 66.0%
X0 [EE 3 5 iE 743% (2HEIN L, “F¥ EDVI
I3 HE 745 mi/m? X ) BRI 3 4 723 mi/m? &
ANZL, P ESVI LR 22.5 mi/m? X 1) [l45 1]
3002159 mi/m2 A~ & A L7,
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Normal Subjects CAD
(l/min/mz) (l/min/mz)
10 10
*%k
5 | e,
E l
=
s
g 57 * & 51 *x "
a I
o p
0 T T T T 0 T T T . =
(mmHg) (mmHg ot
20 201
=%
5 *%
&~ 107 l/jl 101
1 [l
0 T T T T ) T T - -
(dynes-gec-cm ~>-m?2) _— (dynes-sec-cm -5-m?2)
I = <0.01
Ll I N { 30007 —
s L
Z = )
9
g 540 | 2000
> *x *
g = T ** *
§ .,321000' *x 1000 =
2 8
& &
2 0
*
20 207
15] 157
> *¥ - %
K107 p) 107
S \I\[ #
2 5] ¢ LT 5
0] 01
. — . . 5 . . . . .
Rest peak 3.min 10 min Rest Peak 3 min 10 min
Exercise Recovery Exercise Recovery

Fig. 4 Pulmonary arterial wedge pressure (PAWP), systemic vascular resistance index and systolic blood pressure/end-
systolic volume at rest, during exercise and during recovery periods in normal subjects and in patients with coronary
artery disease (CAD). *p<<0.05 vs. rest, **p<0.01 vs. rest, #p<0.05 vs. Normal Subjects, ##p<0.01 vs. Normal
Subjects.
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V. # B

FEE TR O/ E RICIZ T 22813 S v
N, hBERLISVERO-HERTwEWV,
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Summary

Mechanism of Overshoot Elevation of Left Ventricular Ejection Fraction during
Recovery after Exercise in Normal Subjects and Patients with Coronary Artery
Disease, Assessed by *"Tc Exercise Radionuclide Ventriculography

Sachio Kusora*, Toshio Iizuka*, Naoki IsoBe*, Hideki NAGAOKA™,
Susumu IMar* and Tadashi Suzukr**

*Second Department of Internal Medicine, Gunma University School of Medicine

**College of Medical Care and Technology, Gunma University

An “overshoot” (OS) elevation of ejection fraction
above resting levels has been demonstrated during re-
covery after exercise. To characterize the hemody-
namic changes during recovery after bicycle exercise,
we used radionuclide ventriculography under the
Swan-Ganz catheter insertion in 16 normal subjects
and 15 patients with coronary artery disease (CAD) at
rest, during bicycle exercise and after exercise peri-
ods. In normal subjects, the ejection fraction increased
from resting value during peak exercise, and showed
overshoot elevation in the early recovery period. In
patients with CAD, the ejection fraction decreased
from resting value during peak exercise, then showed
overshoot elevation in the early recovery period. In
normal subjects, the end-diastolic volume (EDV) and

the end-systolic volume (ESV) decreased from resting
value during OS. In patients with CAD, the EDV at
OS was not different from that at rest, the ESV de-
creased from resting value during OS. The systemic
vascular resistance increased from resting value dur-
ing OS. The systolic blood pressure/ESV, index for
ventricular contractility, increased from resting value
during OS in both groups. Thus, the decreased sys-
temic vascular resistance does not playing a major role
during recovery after exercise, whereas enhanced con-
tractility is evident in both normal subjects and pa-
tients with CAD.

Key words: Exercise radionuclide ventriculog-
raphy, Left ventricular ejection fraction, Overshoot,
Coronary artery disease.
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