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Abstract -

To clarify a role of muscle pumping in orthostatic tolerance, we compared the contribution
of one minute wave (1-MW) to cardiovascular parameters for 20 min among active-static
standing, leaning on a wall, and head-up tilting from supine to upright position. Subjects were
15 healthy men from 18 to 28 years old. Five of them participated in comparison study between
active and passive standing. Ten of them took part in the head-up tilt study. Mean amplitudes
of 1-MW in body fluid volume were measured at 13 horizontal levels from the calf to the chest
in the comparison study. Cardiac output was determined in two out of five subjects in compar-
ison study by the impedance plethysmography. In tilt study, six subjects suffered from presyn-
copal attack or fainting sensation so that their data were abandoned. In passive standing, the
amplitudes of 1-MW were smaller than ones in active standing. This suggests that the
involuntary body sway during active standing enhances the muscle pumping effect resulting in
the increased power of 1-MW. The cardiac output in active standing exhibited no remarkable
changes throughout the experiment. The stroke volume was reduced, but an increase in heart
rate compensated for this to maintain the cardiac output unchanged. The unchanged cardiac
output may probably be due to sufficient venous return by involuntary body sway and activated
sympathetic nerve activity. In leaning position, the cardiac output as well as the stroke volume
were reduced in spite of an increase in heart rate. The reason of decrease in cardiac output, i.
e., venous return in leaning condition might be due to insufficient body sway and less activated
sympathetic nerve activity. We conclude that muscle pumping evoked by involuntary body
sway may play an important role to compensate for the gravitational stress to the cardiovas-
cular system in humans.



