Journal of Cardiography 10: 141-152, 1980

EEAMOT 22— (8 2  Echocardiographic esti-

#): BMLzova 4 — 2 —B  mation of left ventri-
—AEAFIRIC L BZEOB cylar responses  to
AERT M~ O A 4 o S REAE B

supine bicycle exercise :
IZ2onT

A study on valvular
heart diseases

BHE L Hiroshi NODA

KHE ET Keiko OGITA
X% EE Naomi AMANO
fgx EHHE Tsuneo KORO
NEEH Masaya TAKEUCHI
FiE B Yoshio ITO

i) BE* Akira AKAIKE*
XE B Takashi KOGURE*

Summary

As an assessment of cardiac performance, the changes on ECG, phonocardiogram, heart rate,
blood pressure and oxygen consumption are studied during exercise. In cases with a tendency of
cardiac insufficiency, however, mild exercise is necessary, but the collection of information concern-
ing the myocardial contractility and left ventricular diameter is mandatory. In this study, the
possible exercise intensity was designed as 50 watts for 6 min even in patients with functional capacity
IIT of NYHA classification. Eight patients with mitral stenosis (MS), 5 with mitral regurgitation
(MR) and 7 with aortic regurgitation (AR), all were males and in sinus rhythm, were subjected to a
single level load of exercise by bicycle ergometer in supine position. The results obtained were com-
pared with those obtained in normal subjects (19 males).

Results were as follows:

1) Probably due to sympathetic influence, heart rate (HR) was rapidly increased in all the groups
within 1 min followmg the beginning of exercise, and no change was observed thereafter (Fig. 1).

2) The increase in VO, was delayed to that of HR, and showed an O,-deficit phase. There
were no significant differences in intensity of response among all 4 groups (Fig. 2).

3) Oxygen-pulse (VO,/HR), which signifies O,-carrying capacity per beat, responded to the same
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level as in normal control, indicating that the effective stroke volume is maintained sufficiently, prob-
ably due to the mild degree of lesion (Fig. 3).

4) Mean blood pressure (mBP) rapidly elevated and reached to the peak level soon after the
beginning of exercise (Fig. 4).

5) Pressure-rate-product (PRP), reflecting the myocardial oxygen consumption, rapidly in-
creased and reaches a high level within 1-2 min following the start of exercise (Fig. 5).

6) Total left ventricular output (TLV output) level increased by about 75% of the rest level
4 min after the beginning of exercise and showed the plateau thereafter in normal controls, however,
it gradually decreased in MS (Fig. 6). Consequently, any sufficient increase in output by exercise
could not be obtained. In MR and AR groups, higher levels than other groups was maintained.

7) Total left ventricular stroke volume (TLVSV) responded moderately in normal controls and
reached the steady state within 5-6 min, while it decreased in MS group and in AR group (Fig. 7).

8) In normal controls, the change in left ventricular end-diastolic diameter (LVDd) was rela-
tively small, though LVDd gradually increased during exercise. Left ventricular end-systolic di-
ameter (LVDs) almost linearly decreased after exercise, showing a statistically significant decrease
(p<0.05). In MS and AR group, LVDd was decreased, and LVDd as well as LVDs changed little
in MR group (Fig. 8).

9) Relationship between reduction rates of stroke volume (SV) and LVDd and the severity of
disease in MS was in reversed fashion (Fig. 9).

10) In this study, we investigated the index of VO,/HR/TLVSV after confirming that the ex-
ternal load of exercise was constant and the changes in VO, in time was of the same level in all 4 groups.
As VO,/HR was a variable corresponding qualitatively to SV, we considered that the smaller ratio of
VO,/HR to TLVSV in comparison with normal controls showed the larger regurgitant flow. This
index was lower than normal in both MR and AR groups, but it increased equally during exercise, sug-
gesting increased blood flow and decreased regurgitant flow during exercise (Fig. 10).
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Fig. 1. Heart rate (HR) during and after exer-
cise.

Probably due to sympathetic influence, HR rapidly
increases in all groups. Compared to the peak level,
the immediate increase is 97% in normal, 98% in
MS, 94% in MR and AR.
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Fig. 2. Oxygen consumption (VO,) during and
after exercise.

The increase in VO, appears slower than that in
HR. There are no significant differences in intensity
of response in all 4 groups. It reaches to 950 m//min
from about 250 m//min.

143



BrH, KH, X¥, &2

3. B¥EIR (VO/HR)

S EFIR—DM b2 Y OFEFRIEMEE 2 R TEEFEIR
(VO,/HR) 0 £E£0 EMs%(%E #5 &, Fig.
3 oz < MS, MR, AR B & 4 HeishiRiEs
NENoTzlcdh, BEHLEBERILC VvRLVIIK

L, BOEBEHENMEERL TV 32 bbb oz

B, MS oBEEF T, HERLIDDE-L
NVDORIEEET2HM» D o .

4. THYKHIRE (mean BP)

BEAR L LTOFEHKBIRE (mean BP) oz
kR E R B L (Fig. 4), B L LREICRIGL
T, BXEBEET 5, EBRG 2~4 %<
KIBEROEE~ OIS 2 KL Th, RRET
fEH & HE TV e

5. Pressure-rate-product: PRP

—F, BE-oBERERELX X 3.0 0BFEHE
BREEYTTLVbh3 PRP @& 2+ 4 % &,
Fig. 5 1Ry o L < BEUSERL, EBRA
1~2 4 high level iz;EL7-. AR BIEE%
L0, IEHMES BEL2L30THSS.
78 MS, MR #L {BERL BERLLL
LoTwi.

mi

mmHg
110}
s
& ‘~a
g< e MS
o o MR
100 /QA%>(9~O\O a AR
oy \._. x  Normal
/IR
X\x\
RN
oo\o/ o0
90" ] \x\ A—A\
J&\O\ a—A
X*’(\ _e_ A
N N\
X ~ 0
4 ~
! 1 1 ] 1
Rest 3 6 9 12 min
- Exercise —}— Recovery

Fig. 4. The mean blood pressure (mBP) during
and after exercise.

The mBP is rapidly increased in all 4 groups and
reaches to the peak level soon after the beginning of
exercise, but, thereafter it tends to fall slightly proba-
bly due to adaptation of the peripheral circulation to
the exercise.
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Fig. 3. Oxygen-pulse (VO,/HR) during and after exercise.
In MS, MR and AR groups in passage of time, it is found that VO,/HR responds to the same lev-
evls as that seen in normal controls, indicating that the effective stroke volume is maintained suf-

ficiently.
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Fig. 5. Pressure-rate-product (PRP) during and
after exercise.

PRP is rapidly increased and reaches a high level
within 1-2 min following the beginning of exercise in
all groups. In AR group shows a relatively higher
level than other group, but this may be considered to
occur due to the high level of systolic blood pressure.
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Fig. 6. Total LV output (TLV output) during and
after exercise.

TLYV output level is increased by about 75% of the
rest level 4 min after the beginning of exercise and
shows the plateau thereafter in normal controls, while
in MS group, although it is increased by about 259%
of the rest level in early time following the start of
exercise, it is gradually decreased.
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Fig. 7. Total LV stroke volume (TLVSV) during
and after exercise.

TLVSV responds moderately in normal controls
and reaches the steady state within 5-6 min, while it is
decreased for a short time following the start of exer-
cise in MS group and falls by about 25% of the rest
level 5-6 min after start of exercise, and so is in AR
group. No remarkable change is in MR group.
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Fig. 8. Left ventricular end-diastolic diameter (Dd), left ventricular end-systolic diame-

ter (Ds), during and after exercise.

In normal controls, the change in LVDd is relatively small, but LVDd is gradually increased dur-

ing exercise.

showing a statistically significant decrease (p<0.05).
decreased gradually, and they are significantly (p<0.05) decreased by 11% and 149%, respectively,

of the rest levels 6 min after the beginning of exercise.

changed only slightly.
exercise.

LVDs is almost linearly decreased until 5~6 min after the beginning of exercise,

In MS group, LVDd and LVDs are both

In MR group, LVDd and LVDs are both

In AR group, LVDd decreases about by 7% 6 min after the beginning of
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Fig. 9. The relationship between reduction rates of stroke volume (SV) and LVDd and

the severity of disease in MS.

The reduction rates of SV and LVDd are found larger in patients with more severe disease (ac-
cording to NYHA classification of functional capacity).
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Fig. 10. VO,/HR/TLVSV during and after exer-
cise.

In MR and AR groups, this index is lower than
that in normal controls, but the increase during exer-
cise is equal to that in normal controls. It is sug-
gested that, during exercise, the blood flow is in-
creased and the regurgitant flow is decreased.
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Fig. 11. Response to 50 watt supine bicycle exercise.
Patient (MS, af) complained of dyspnea at the point of 3 min during exercise. The obtained data
shows marked HR response and decreased SV, resulting in minimum CO change. Marked ST

depression along with tacycardia is seen.
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