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Dynamic Echocardiographic Study of the Hemodynamic Responses
on Muscular Exercise, Valsalva Maneuver and Endurance Exercise

Shukoh HAGA, Susumu KOSEKI*, Mitsumasa MIYASHITA** and Etsuo UEYA***

The purpose of this study is to elucidate the hemodynamic responses caused by performing
muscular dynamic exercise with bench press of upper arms, the Valsalva maneuver and endurance
exercise by bicycle ergometer. Dynamic echocardiography allows a new further approach to evaluate
the left ventricular functions to the exercise. M-mode echocardiography during exercise was used to
evaluate the possible changes in cardiac chamber dimension in 6 healthy young men aged 19-23 (means
21 years old).

The results were as follows: :

1. Endurance exercise was performed by work load of keeping the heart rate 140-150 beats/min.
Left ventricular interval dimensions during exercise was increased. Therefore, the calculated
stroke volume and cardiac output during exercise were increased to 120-1309%, 200-250% in
comparison with resting values (1009), respectively.

2 . In the muscular exercise by bench press of upper arms at inspiration phase, expiration phase, and
also in the Valsalva maneuver, heart rate showed tachycardia at the first stage and thereafter
showed bradycardia at the last one.

3. Left ventricular internal dimension during exercise significantly decreased in the muscular
exrcise by bench press. Therefore, the calculated stroke volume and cardiac output during
exercise were decreased 60-70%, 70-80% in comparison with the resting values (1009%),
respectively.

4 . Left ventricular volume during the Valsalva maneuver yielded a simular significant fall in stroke
volume at the terminal stage, with showing 50% resting values. Therefore, cardiac output during
the Valsalva maneuver decreased to 50-60% in comparison with resting values.

5. From these results, it might be suggested that it is necessary to make sufficient considerations on
qualities of exercise program giving the exercise prescription for middle aged and older persons.
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Table 1 The Hemodynamic parameter when the stroke volume decreased the most lowest
values in endurance exercise, muscle exercise of inspiration phase (Ex. (1)), expiration
phase (Ex. (2)), and the Valsalva maneuver.

Subi Age Rest Endurance Ex. Muscle Ex.(1) Muscle Ex.(2) Valsalva Maneurer
unj
Years bci{}i;iu m@§¥at U,C/:lgin bei}?nin mﬂ?b\gal @9nc1)in bealg}?nin me%\gat an?in bea%}?nin mﬂ?h\gat E(/:rgl)in beg}?‘nin m@?k}t/;at ﬂ?r(n)in
S. Y. 20 60 80| 4.80 120 106 | 12.72 60 46| 2.76 53 541 2.86 63 43| 2.71
T.T. 20 88 81| 7.13 142 108 | 15.34 100 69| 6.90 102 39| 3.98 27 47 1.27
M. W. 21 42 66| 2.77 107 106 | 11.34 46 46 2.12 46 43| 1.98 53 21| 1.11
S.S. 21 75 981 7.35 128 110 | 14.08 76 62| 4.71 91 66| 6.01 93 37| 3.44
J.S 23 86 1111 9.55 116 124 | 14.38 118 781 9.20 112 821 9.18 100 791 7.90
JY 23 60 101 6.06 105 120 [ 12.60 66 80 5.28 75 39| 2.93 68 471 3.20
M 21.3] 68.5| 89.5| 6.28{119.7(112.3(13.41| 77.7| 63.5| 5.16| 79.8| 53.8| 4.49| 67.3| 45.7| 3.27
SD 1.25) 16.2 ) 15.2| 2.13| 12.6 7.1} 1.32| 24.4) 13.7) 2.40| 24.3| 15.8) 2.456) 24.4| 17.3} 2.25
dkok | ko | kaock EEEY * * % * * ok | ok k
* P=0.05

% % P=0.01
* %% P=0.001

Exercise by Bicycle Ergometer

IVS
CAR
LVPW
ECG

HR 107 beats/min HR 136 beats/min

sy 106 mt (161°%) SV. 103 ml (156°%)

CO 11.34 l/min (409 °%) C0.14.08 /min (508 °)
Subj. MW

Fig. 1 Changes in the echocardiogram of cardiac dimensions during endurance exercise by
bicycle ergometer. IVS: inter ventricular septum. CAR: carotid wave. LVPW: left
ventricular posterior wall. ECG: electrocardiogram. HR: heart rate. SV: stroke
volume. CO: cardiac output.
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Changes in the echocardiogram of left ventricular dimensions during muscle

contraction by bench press of upper arms at inspiration phase.
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Fig 2 —2 Changes in the echocardiogram of left ventricular dimensions during muscle

contraction by bench press of upper arms at inspiration phase
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Fig. 7 Changes in the ECG responses during muscle contraction by bench press at inspiration
phase, expiration phase, and the Valsalva maneuver
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