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Summary

To evaluate the response of left ventricular performance to fixed heart rate isometric exercise, echo-
cardiographic and hemodynamic studies were performed in 23 patients with heart diseases, comparing
with the usual method (non-fixed heart rate isometric exercise). The subjects were classified into two
groups. Group I consisted of 11 patients with normal left ventricular end-diastolic pressure (LVEDP <
12 mmHg) at rest, and group II was composed of 12 patients with elevated LVEDP (>13 mmHg).
Fixed rate isometric exercise was performed in 13 of 23 patients using atrial pacing and weight sustaining
method devised by the authors. Atrial pacing was carried out at the rate of 1259, of spontaneous beats.

Systolic ejection indices (FS: fractional shortening, EF: ejection fraction, and mPWYV: mean pos-
terior wall velocity) did not significantly change during non-fixed rate isometric exercise in group I and
II. On the contrary, systolic ejection indices increased during fixed rate isometric exercise in group I,
while decreased in group II. Especially, Ds (left ventricular end-systolic dimension) was significantly
increased during fixed rate exercise with little change in Dd (left ventricular end-diastolic dimension)
in group I, whereas no improved parameters were noted in group I1. These results suggest that cardiac
contractility will play the important role in an increase in stroke volume with fixed rate exercise. We
considered that fixed rate exercise is more available for the precise evaluation of left ventricular per-
formance than non-fixed method.
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Fig.1. Each patient was given two graded (25%
maximumvoluntary contraction, and 50% maximum
voluntary contraction) weight sustaining isometric
exercise for 6 minutes.

Table 1. Classification of subjects

Heart No. of NYHA LVEDP
rate patients class (mmHg)
Fixed 7
G I I
roup Non-fixed 4 o1 s
Fixed
G 1I II, III =
roup Non-fixed ’ 213

WMEER (F8) 74, Jeim Ee (N 3 4
#, Group IT x Ffo6, NE6HTH o7,
N #t ¢ F fo¥sEpizneh 3312127 5
(mean+S.D.) & #45+94 FTHEOELRY
F, EEHECKBERAORY LB D1k
(Table 1).

AT YE, BkiEh (MVC) 25% 3 4,
2T 50% MVC 3 53 6 o =B fAsT &
L, AfETL v AMPEZ LB LTOAE—ELT
3 HT, REBITHOARBLHOK 25% Mo
BEECLRER—Y v 2 &fFole. TDEV, 4
IR SREERE Lt 550k 5, pacing rate it
Bk 100/4y &L, WRE[L Y HEH O ERIERS
L. ®EEH, ORE, BAEREIC X 3.0HHE
DORER L VDT 2 —ROEF EEHAICIT 7
(Table 2). UCG igé&dkEiz Aloka f SSD-
110S ©, k¥ 2.25 MHz, #58E# 7.5 cm
OMEFEEET EHY, MERFTRORAL AT
BEHOFMICE — L EBAEET a2 —GEHL.
22621z Honeywell #i strip chart recorder
T, 50 mm/sec GfT» 7. LIMEREATEEDIC
wE Lz a—RKop% Fig. 2 (&: Group I,
#: Group II) iZ5R L.

RL #

LoD A8 #
JEOMEEERIC B G .00 MmE, AR
loxt LIEGAgIC ik L, 50% MVC £z A
fiRfEic L Group I ©ix 110+3.3% (mean
+8.D.), Group II <it 124+5.6% T Group
II <, DEgMmRsgEck (p<0.0l) ¢b
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Table 2. Intracardiac pressure and echocardiograms recorded just
before, during and after the exercise on every one minute

WITH OR WITHOUT
ATRIAL PACING

P
T~ I
PRESSURE
STUDY [ J ® 6 0 06 0 © 0 0 0 ¢ o o
co [ J [ J [} [ ] [}
UcG [ ] ® & 06 ¢ 6 0 0 0 0 o 0 o
K— EXERCISE AFTER EXERCISE -
REST 0 3 6 1 3 6 min

Cardiac output was measured five times by thermodylution method at rest,

during and after the exercise.

MVC=maximum voluntary contraction.

-7z (Fig. 3). —7%, DAEER i, AP
pacing rate % _E[E]5 BROHAO HER 2 ¥,
ATREPE LB L TLUER—Y 72k DA
E—EBLTHZLNFETH- .

2. Fractional shortening (FS)

Fig. 4 = N3, F#to FS oML A
il & el L7 iR (%4FS) i TRLz. N
HickvTi, AR Group I TRHIKDHM
ERHIH, HEHFEHHERRER L, Group II
B0 EREbR»ro2. ZhicLl F #f
<%, Group I iz 509% MVC 2T 117+
3% (p<0.01) LFZD WMAEFL, Group II
Tk 82+11% (NS) LA %Te, FS 2
AFRERIAT 5 Group I ¥ #f @ Group
IT iz ic BB & hie.

3. EBYEE (ejection fraction: EF)

Fiktic EF 81k (%4EF) o@&rst%it (Fig.
5) &R+ &, NHickv T kAfR Group
I © 103+£1% (p<0.05) :#FFFizHk, Group

II ¢z 87+119% (NS) &¥4r Lizas, Wi
BFEEeRovabof. zhitxl F #cim
L e RAMH Group I © 110+29% (p<0.01),
Group II = 85+119% (NS) L4 v, Wi
HEE (p<0.01) 2&wi-.

4. EEFHIREBEE (mPWV)

509% MVC jifTHs, mPWV #in (%dm-
PWV) gt ic Fficsv <, Group I
121 + 109 (p<0.05), Group II © 97 £ 6%
(NS) &, Wi b (p<0.05) &R,
DBETE B AT T AT DIUEE o ik E: i
(Fig. 6).

5. At (Co)

BAREICL VR LAMA (CO) 1, %
## Group I < 4.8+1.0 (/min) 55 5.6+
1.6 (p<0.05) & #4k L7z 3, Group IT ik
4.0+1.2 25 4.3+1.4 (NS) L —ED FHAIXA
hote. FZTOMHROEMRIZHS 2 preload
DOIEEE #2720, FRICH T 300 &
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Fig. 2. The echocardiograms at rest and at the fixed heart rate isometric exercise of 50%
MVC from a patient in group I and a patient in group II.
FS =fractional shortening; EF =ejection fraction; mPWV =mean posterior wall velocity.
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Fig.3. Increasing rates of heart rate (HR) dur-
ing non-fixed heart rate isometric exercise.
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Fig. 4. Increasing rates of fractional shortening (FS) during isometric excersice (Left:
non-fixed HR method, Right: fixed HR method).
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Fig. 5. Increasing rates of ejection fraction (EF) during isometric exercise (Left: non-
fixed HR method, right: fixed HR method).

— 1138 —



mPWV NON-FIXED HR

% GROUP | GROUP 11
r ns
120 |

110

100

20

REST EXERCISE REST EXERCISE

FIXED HR
mPWV  GROUP | GROUP 11
%

130

*

* P<0.05
120

110

100

90

REST EXERCISE REST EXERCISE

Fig. 6. Increasing rates of mean posterior wall
velocity (mPWV) during isometric exercise (Up-
per: non-fixed HR method, lower: fixed HR method).
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Fig. 7. Relationships between cardiac output
(CO) and left ventricular diastolic dimension
(Dd).
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