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MHE B> AR FHE

TH OES™ OB EE

BE OBEETHO EBATCHT 2RISR EET 2 B T BIBHATEEE 18 fliIESHATI.L 7 — v
YUFERITU. AREKEHR EF40% DL EZRT AR 7612 40% LAT o B & 11 flic 43 EBHATTIC
£ 9 mATEEEEE O T # BIEFEMICRET L, &8 T ISDN, nifedipine, propranolol iz xf 3 % &0

ERICOWTH FH THBRA L.

ZOREE, ABTIIARNE EF FECHAL, REEFEI Rz 0icxtL, BETI EF o
EERDLNT, REERIANEEEICER L. ERlicwT 2 ETHZER»FED bh, nifedipine 5
HICIXBHICBWTHARE EF 3FRICHEML, REERLEEL 2o SEXD, OHEEBETHTR
KRR OKR E SHLHIEL L CICEFRO DS HETIEELRFTH Y, 0 X ) hFlICIBAR

ERER2ET2RARLIVERATH S LEx b,

L # &

DR ECHAR, BRAR, DIRMEE B
U, DY HRESH S, EER, BEA
TR ORI & DIRETE O FEIC X Y O
B3NS 2 25, DIFEHECET L EEL T
flio> factor ¥ THHE L.OAHE & MEFFHIN & &
B LEZONS. IHE, BEGEZEOERICHENE
AR O PE KIS, DIURENE O FFE 2 E
HMICITbhTWa., 22T, AR Tl BEE
KT &8 3 BB MR ) EB AL 7 — v
U FEMATL, ARICRT 5 0HEE O KIS O R
WELEE AT A—FICXVRRET L.
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xRS BRIATERTEERE 22181 T 2 h & & KRHIEER
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** LimtEEREE, RIE

RO T ERRF R E
o RO ERERRER AR
Zft 62428 17H
BN 1624481 H
BURIEE RS | BRETR Y ki@ 1-16 (8 238)

BRAESCE B
wE % B

HE A0, LU EERT ARETH L 409, AT 011
Bl Lz, ARBIB 64, & 1@<, £
13 56.6+2.4 5% (F3+SD), EEIIRFE LT 1 £
WE A, 2824, 3B1pITHY, BHIB
9, 42, 4EES 591482 1T, 14764,
28234, 32HTH o1k,

1. EEHA T 201TI LElTREE (SPECT)
BAPLHEEE = L = 2 — # |2 X % symptom limit-
ed DLEREH:* Vv (Fig. 1a)b, 20T 2~ 3 mCi
¥k 10 437% (initial image) # X U 4 B i 1% (de-
layed image) » SPECT fg% fER L7z, % 0 K5,
24 LEENICIESMEED LT,

2. EBHAFLT-LIUTF

(Radionuclide angiography: RNA)

9mTe % RN T RIMEKICER L 2%, Enist
40 ~45° TRFIC10~15° # 2 5 & fHpl & &
7= modified LAO |z T SE#ifF i multi-gate ¥ # fifi
L, Av A v TERLELI=aVEa—%
(v FRy72400) icF7 — % BINEE L. KBk
B (Pre) i% 5 43fE], 30-40 msec/frame 12 TUREEL,
SEEA #12 Fig. 1b iR+ X 9 i SPECT BizR
7B AGE (MWL) o 50% & (Ex-1), 75%
£ (Ex-2: Peak) » 2stage £ L, ZhZhEE o
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2 43, 20-30 msec/frame TIEEL 72V, & BT,
AT 5 HRICATERT — % (After) & KR L[
FRICIVEE L 7z,

3. Ewmixs

AR, BHOREAICHT 2 RIGOERZRET
3 7= %, 4 # I EF (control) o ffh i isosorbide
dinitrate (ISDN) 5 mg & T 30 4,
mg & F 304y, propranolol 20-30 mg &1 1 B
#%I1z RNA % Fl—ATRICTHR Y E LT L.

RNA i3 2 v Ea—7 UBEIToctk, EEHR
H= (EF) % sk, Dehmer & 0 52 i TEE
FEZHEMBL, BHR, EEAFE, LE HR)
X v iHE (CO) ki, MmiTERED ks

nifedipine 10

b) Radionuclide

a) Symptom-limited r
Angiography (RNA)

Exercsise
Max

Ex. 201-TI SPECT (Watts) Ex 1 Ex2
5 75% of MWL

50% of MWL

imaging 2min.

1 2 3 4 5 n(min) 3 3 (min)
MWL : Maximum Work Load

Fig. 1 The protocol of ergometer exercise with SPECT
and RNA.

EF(AG vs RI)

AG

100
(%)

r=0.82

Ymin

24 %75 (1987)

BIET 5 BT, AIANOIERL L TEEIIRK
HIAE (EDV) &9, RIEEOEFEL L TS0
E/ A& (m-BP/CO) 29, IXfE/IDIEEL L
T U A 31 L / AR B 1A R (SBP/ESVD) 25
HL?, OfEEREEER O EEI2i Double prod-
uct (DP) & fivv 7. Yk 817 % RNA X v 5
bh 3 EF 3E=EE O EF L r=0.82 o EfHH
#, £ RIEBEXVEHLZLHAME (CO) 134
s RIS Hi4T L 7= Dye-dilution # & r=0.89 ©
FEFEE# 7 L (Fig. 2), RNA X v &5 h 5 M1TE)
BEEER+ABRCICATE S bo LT L2,
kB, REURBFERNCT X TORERIPIEL, &
AT AT 2 EF— OREHIZIT V™ 2 BRI
T L. T—23—HEREFHF£LSD TR
L, #shepioqsEiz Student t test vy, p<
005 ¥ HE L L.

m. #& R

1. EBHAFICNTI2mTEHROELL
(Table 1, Figs. 3,4, 5)
ABEEF>40%): EXLEKMEERER
(EDVD) R AMICX ) #MEmME R LR HRT
3L, AWMEAE BT L (p<0.05). AR

CO (RI vs Dye-dilution)

RI
20

y =1.18x+4.1
P <0.001
y=0.87x+1.56
P<0.001
0 50 00RO 10 20( ¢ /min)
Dye-dilution

Fig. 2 Correlation between radionuclide and angiographic left ventricular ejection
fraction (left panel). Correlation between cardiac outputs by radionuclide tech-
nique and dye-dilution method (right panel).
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Table 1 Hemodynamic parameters at rest, during exercise and after exercise in two groups

group A group B

Pre Peak After Pre Peak After
SBP (mmHg) 130+17 168 4-18** 131427 135+14 175 431%* 136 +17
HR (bpm) 6248 133 £ 15%* 884 13** 68+12 136 £ 11** 85 13**
EF (%) 48+4 51+10 604-8** 31+8 33411 3549
EDVI (m//m?) 107+29 112437 97 4+25* 131425 138 425%* 1234-32*
SI (m//m?2) S1+12 56421 584£12* 39+14 40+7 42411
Cl (//min/m?2) 3.1+0.6 7.44+2.5%* 5.04+0.9%* 2.54+0.6 5.4+£1.1*%* 3.440.7**
m-BP/CO (U) 33+10 194 7** 194 8%* 434+10 254 8** 30L6**
SBP/ESVI 2.54+0.8 3.5+1.3* 3.84+1.8* 1.7+0.6 2.241.0* 1.9+£0.7*

(mmHg/m//m2)

{/alues are r;;mj:SD

SBP=systolic blood pressure, HR = heart rate, EF=ejection fraction, EDVI=end-diastalic volume index,
SI=stroke index, CI=cardiac index, m-BP=mean blood pressure, CO=cardiac output, ESVI=end-systolic

volume index.

Statistical comparisons (Pre vs. Peak): *p<0.05, **p<0.01

Double Product Irmin/m?| - Cardiac Index
3%104 ¥ 0]
* P<0.05
** P<0.01
2.51 (mean$SD)
e A
- o:B
2.0
1.5 5.0
1.04 r*1
0.51 Ly
= 204
o—. ' , — . ,
Pre Peak After Pre Peak After

Fig. 3 Serial changes in double product and cardiac index at rest, during exercise and

after exercise in two groups.

B EF 3RETH -o72dd, AR 60£8% L&
BRCHLAEROHMKER Y, 1 BEHHEREK
SD b A% AE T CH K Lk (p<0.05). SBP/
ESVI i3 & ffic X v 2.540.8—3.5+1.3 mmHg/
ml/m2 L #AL, BfiEd 3.841.8 mmHg/m//m2
LRI LAROEE 2 ;7 L 2. m-BP/CO
BAMCLVERCBIL, Afik bEHRICH
LEECEKETH- .

B # (EF<40%) : a0 T8z, A #LF

BCRBEIcER By ind o7, EDVI 3 AT
THBEIEML (p<0.01), BEHZ TR Liz.

EF |3 AR, AMZLOCHEELRELEED S
¥, SI b FER TARE, AREKE bICRHR
LEEZ WD o7, SBP/ESVI i3 AT X
Y 1.74+0.6—2.2+1.0 mmHg/m//m2 : # K L,

A% b 1.940.7 mmHg/m//m? & Z#EICHL
BEZTRLEY, ABCEHLAERRZEETH ox.
m-BP/CO 3 AMic X VARICHWMD LI, AR
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Ejection Fraction SBP/ESVI
704 [ —— mmHg/mi/m2
% —ns 6.0 ik
] —*— 3
60- *P<0.05
5.0 **x P<0.01
o:A
] o:B
o 4.0 \ (meanx$D)
o 3.01 1 1
301 20 < J
o I T
L ps—1 —— o
o, . i . : :
Pre Peak After Pre Peak After

Fig. 4
in two groups.

Serial changes in EF and SBP/ESVI at rest, during exercise and after exercise

EDVI m-BP/CO
ml/m?
¥ 60+
Bk | () P
¥k %
*P<0.05
1504 50 +x P<0.01
e:A
401 o:B
(mean+SD)
100 30 -I
*
*
1 201 J
(I
| P U A
501 10 L oy ——ns—
%%
1| B , : : : ;
Pre Peak After Pre Peak After

Fig. 5 Serial changes in EDVI and m-BP/CO at rest, during exercise and after exercise

in two groups.

LR ) ARBREFEICHERLE.

2. ¥YkE5HOMDTEROZEIL (Figs. 6,7)

1) Isosorbide dinitrate (ISDN) : EF %4l %
%% L A B Tix ISDN %% # 8 EF 13 55+5%
LHEEIMLZ2S, AfH, BF#I2iX control L3
R3BEo oh ¥, BETRITHR, ART, AR
#BnFhizkBWT Y control & ZE D Eho
fe. ERATA—FOBLEHZ L, EDVIZA

B#Ti3 ISDN &2#ky, AR & b ICARICR
A (1074£29—112+37 vs. 97+25—95+41 ml/
m2: control vs. ISDN) L 7z i %t L, B #TiZ
(131+25—138+25vs. 133431 — 131432 m//m?)
LEBEOELEED b o7, SBP/ESVIZ A B
T 2.54£08—3.5+1.3vs. 2.840.7—>4.241.5
mmHg/ml//m2) & & 7iEF control 2 e U A & o
IzsEDH 2, BETIX, L, AR, Afr
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Ejection Fraction
G-A G-B

70 r**n
(%) T T
i
'

60

50 A pas L
r¥%q b i
1
]
40 'if .‘/6
30 L‘ :
N T AN .
20 (mean$D) 2 Niledipine -
L — Prop L J
oL
Pre Peak After Pre Peak After
- SBP/ESVI
= I G-B
1.0 =8 i
1
1
1
6.0 !
1
501 *oP<0.01
(meanSD)
40
30
20
i
1] e
0
Pre Peak After Pre Peak After

Fig. 6 Serial changes in EF and SBP/ESVI on ex-
ercise at control state and after three drugs.

BOVWFRIZBWTOEELEIL 2B D o0,

%72, m-BP/CO it A, B #£ L 11T control ff & 3%
BeBonhrol.

2) nifedipine : A # T3, nifedipine #% %%
B EF (% 55+7%, A fiE 60+-8% & control i
HUEEITH K L. BETLLHIEISLTY,
ATl 352109 L F=hF i control I LA E
OEMEETRL, ATEIE 39£10% L & 5K
L, control B 13 B72 Y A FECHHLEIL 727 —
VEELE. ZOBOFERS -2 0ELEHR
% & EDVI (3 A Tix 100424—1074+-37—96+
26 m//m?, BE£Ti% 134431 > 131432126431
m//m2 & Z5{k L, control ¢ R - 7= (LIiT T
bh 3, SBP/ESVI ¢ A HTiX LH#EE, AR
Lbiccontrol itk LEEOBEZZEDM, B

EDVI

ml/m? ]

150

-A G-B
+ v
i <
&
1004 ]
I ' 1
+ { i
& ok,
Led 4 L

L

== Control
---ISON
50 *P<0.05 -
1 (meantSEM) _::?:,’f,'":d
oL
Pre Peak After Pre Peak After
m-BP/CO
60 -
W G-A G-B
*P<0.05
50 **P<0.01
(mean+$D)
404
30
1
204 i
Pl
&
1 b (D] Lawd
0 - -
Pre Peak After Pre Peak  After

Fig. 7 Serial changes in EDVI and m-BP/CO on
exercise at control state and after three drugs.

F£ T3 control L D HICERIZIBD bhizroiz.
Zhizxt L m-BP/CO Tid 2 BERIC B - - /i
P@Ew. Thabb, AT m-BP/CO n&Ff
k5 2 kix control L R TH B0 L, B
#£ i3 nifedipine D Eic & Y m-BP/CO 3 FE
R AR D7 o [EE 236 L control By L
Bz ol —v &Rl

3) propranolol : A, BH#EL b ICKFICER
OEBAREKRT Lz, DHEEmEL Lic con-
trol LWL LAERDOEMEERL. EF 3 AR
(47+4—474+9—>54+6%), B # (31+10—32+12
—34+11%) T & L ic control L EIE» Lh T,
EDVI, SBP/ESVI i b ERAZERERBD LD o1k,
m-BP/CO i3, A #iX control it L F EALEE
ERL7ED, BEHTREERABLEED L, o0k,
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IVv. & =&

DR O.OBRE O IC 3 L O fhic
EHARRE QLR v 7 PIHEE OGBSI X TH
500, IEARBOLEEEORFbRA LN T
W3S, LEES 2ET 5 DBEETA CESHA
FIRBRIAER L Sh T2, 58 H
WABRRERIULE, 2hboBlEickd s Gk
FIBETALEMLELELONS. RNA (IE
B PE S DB B LR AT 5 ECIERICER
ThY, HIATR (EDV), INfE/ (SBP/ESVI), %4
fif (m-BP/CO) & o> LR Z HET 5 HFOR
MRFRETH . 7 Z CRRIAMEATEEE EE 184
R EFF EF ic X Y 409 LA E%7RT A BE (DB
RERAFEE) & 407, LAT @ B i (L HEEEIR T 12
07, RNA Ik ) LfERs, ATRE, AfEo 3
RTHATENREIRE & JIE L o EE ARicx T
ZRICHEDOERIC O W THEBRA Lz, OEED
BEREZIERDBEDPBBHODZLIATHD
3, Stephens & 3% #F EF 2% 407, LT o fil T
ISDN izt 2 KSR o2 L HMELTH 10,
ARET L 2 OEBEICHEL TITo 72,

— I OAR2ENE, DAHROEE, £EILE
BED LAMEMTHY, RMEZHERT 52
DRMIBEFEARL TR Y, Zhi3EROERHIC
L oTKE7 impedance & 7z Y Bk A4 2 v &
R LT3, K3t ¢4, control B B #iZ,
A B2 I U EF, SBP/ESVI R IEE /W E
m%ZRL, BIATN (EDV) o # Xk (Frank-Starling
effect: F-S ) i X v DAHEZ R L TR Y,
FAEEHL (m-BP/CO) b & H T, LA
BIZHBZLEFRBLTWS. ZhICAHE KT
T3L, A BEBOKSICEREBZD .
+hbb, ARTIIAMNEEF 3LEBBCHLE
Zicgin+ s oiextL, BTk EF o L3R
wWohhiholk, ZOERZHATZLNOLLT,
EDV 3L bAWMERBRILTRY, ARED
EF nZfkic F-S R EELTWR L E L8
WA, RIEIEH ZR+ m-BP/CO i3 i#E T % 0k
MRRZY, ABTRARICE S m-BP/CO nff

24 3% 7 £ (1987)

THAARE LESET S DIZH L, B ETIRARR
BEOR A %W . Rozanski 513, LEisic
A bhic asynergy B ETHRIERT 2 FIZ5E Y,
ZOREFELTHTFasI oMLtk
L, F7, Plotnick &HXIEFF, EimthiyER
f5liz 3T recovery phase G EF 0% 8w,
ZOREAE LT, BAWOET, ZKEMEROI
BICED LB X DN BESOWKREEY, F-S
BREOE I EWE LY, Zh b oREIAR
BB 3 AROELICAR T bOLELD
N3, DEECRTIZIY A LORFOHESE
CERDBEDENTOVWTERERLTWAEAW., %
T, ER#EFOmL M T v 5 ISDNY, nifedi-
pinel®, propranololl® % #:k. L, M{TENEEIGEZ
BLEESZ LITX Y R BE(OHEEEETHD ©
AT S MTEEOELERFT Lic. 2 OfER,
ISDN i3 A T3 EDV 0fFEDRT 28R,

EF kL7245, BETIEEL BLIZEDS
Y, ERWmBEE DRMEACHTIHRE
ISDN Ci@Ew bhizdroic. ZDOZ &%, L
IR T Hlic3sF 5 ISDN o B & fif 8RB &0 1243
RANHDZ LEFMLTWSIS, DEEEDO R
BICX Y R ERICEREZAEL DI IZo20TED
BHEEOREEVEFOEERRTTHZLEXD
N3REARFTTRBARIC LAk -7100,

nifedipine D5 Tix, A, B WEEL LERMERO
BERETHBED O, BEIBWTIIVHE
EThHY, TOBD Ay — 3 ABELEKE
ofz. &bizBEficBwvwTit EF L ARE, A
R L LICERE DM %2 28 % 7=. propranolol »
#ETid, ARETAMED EF, SBP/ESVI 04
DI EE R B, REEFIIAAICEY A
BHTAZIEMLZ0IHL, BETIRETH
ok, ZOZ L, BRI IO ERERKE
ChBDTHCREERIERLTWS DL
#x bh, Z0rkw nifedipine Iz X Y FEELEA
FERHR RO LEERIWEL 20T,

propranolol T ¥ % A LA EOFRAEIEIL OB K% 52
DhEholbDlELZLNL. ZThHLDERLY,
DR T O T RMIER A UDEELHEL TY

Presented by Medical*Online



DRI T Bl 31 2 EBIATTR OHEE DR E AR 953

ZHEELEFTHIZLITMEEh, Z0k5h
{51 <13 nifedipine ® X 5 BB AHRBIER 25T
SHEROFBOHECH L LRIERTHZ LEX

G D

V. £& 8

1) BURTEOHEEG 0 ESHATTITHE 2 OB
nZfk % EF 409, LA E (A &) & 409, LLF (B
BE) (2o T R L 7z

2) A BT BB URMERIAERIEL,
Afit%ic EF 0O F BB ALz, ZhickL
B fii T AREARMEI Al AL, EF ©
EINZED bRk oz,
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Summary

Evaluation of Cardiac Response to Exercise in Patients
with Impaired Cardiac Function

Shigeo UMEZAWA*, Hideomi FuniwArA**, Masayuki Hira1**, Nobutaka SEKI**,
Michiaki HIROE*** and Koichi TANIGUCHI****

* Yokosuka Kyosai Hospital, Yokosuka
**Tsuchiura Kyodo Hospital, Tsuchiura
***The Division of Nuclear Medicine, Tokyo Women’s Medical College
****The Second Department of Medicine, Tokyo Medical and Dental University

We performed exercised radionuclide angio-
graphy in 18 patients with old myocardial infarc-
tion, and compared the hemodynamic responses
to exercise between Gr-A (n=7, EF=40%) and
Gr-B (n=11, EF<40%). We obtained end-
diastolic volume by the formula of Dehmer et al
and calculated cardiac output (CO), and then used
mean blood pressure/cardiac output (m-BP/CO)
as a parameter of systemic vascular resistance
(SVR) and systolic blood pressure/end-systolic
volume (SBP/ESV) as a parameter of contractility.
In Gr-A, EF increased significantly after exercise
(48+4%—>60+8%, p<0.01), while it remained
unchanged in Gr-B (31+8%—>35+9%, NS).
SVR in Gr-A remained still lower after exercise

than at rest, but in Gr-B, it increased significantly
soon after exercise. After administration of ISDN
and nifedipine, EF and SBP/ESV increased sig-
nificantly in Gr-A. In Gr-B, only nifedipine
significantly increased EF because it could keep
SVR lower after exercise as well as during exercise,
although it could not cause the increase of SBP/
ESV. These results indicate that the cardiac re-
sponse to exercise is dependent mainly on SVR in
patients with impaired cardiac function, and after-
load reducing drugs such as nifedipine are much
more effective on those cases.

Key words: Exercised radionuclide angio-
graphy, Old myocardial infarction, Impaired car-
diac function, Systemic vascular resistance.
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