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Changes in hemodynamics during

prolonged exhaustive exercise

Yoshiharu NABEKURA, Fumio YAMAZAKI*, Hiroshi SHIRAKURA**,
Sachiko HONMA and Haruo IKEGAMI

This study was undertaken to elucidate changes in hemodynamics during prolonged exhaustive
exercise. Six male distance runners performed bicycle ergometer exercises of work load requiring
105% of ventilatory threshold (VT) until they approachéd to exhaustion, and 95% of VT for 60-min
as a control exercise. Heart rate (HR), stroke volume (SV), blood pressure (BP), systolic time
intervals and diastolic time (DT) were calculated from electrocardiogram, phonocardiogram, deriva-
tive of ear densitogram, impedance cardiogram and finger arterial pressure wave. '

1) During the exhaustive exercise, HR, left ventricular ejection time index, systolic time index (QS,
i) and QS,/DT were higher than those during the control exercise, whereas there were no significant
differences in SV, BP and pre-ejection period index between two exercise conditions.

2) Individually, it was found the case that SV or BP remarkably declined at 10~15 min before
exhaustion.

3) Changes in blood lactate concentration, HR and QS,/DT were negatively, whereas changes in
SV and BP were positively correlated with exhaustive time.

These findings indicated the possibility that myocardial contractility might be depressed during the
exhaustive exercise. In addition to this phenomenon, it was suggested that pronounced decline of SV
and/or BP, and the like became limited factor for prolonged exercise.
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Table 1 Physical characteristics, maximal oxygen intake (\.702,,,3,(), exhaustive time (time) and heart
rate (HR) at the end of exercise with 105% of work load at ventilatory threshold in each
subject

. age height weight ) VOumax time HR
subject . . .
(yr) (cm) (kg) (ml/kg/min) (min) (beats/min)
T. H. 23 167 63.1 62.1 60 185
T.O 22 164 58.5 62.0 35 187
M. T 24 180 71.0 58.1 35 186
H.T. 22 164 49.0 60.0 55 180
M. I 26 176 66.2 56.6 35 178
H.S 22 166 53.4 69.9 31 190
mean 23 170 60.2 61.5 41 184
SD 1 6 7.5 4.3 11 4

SD : standard deviation.
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TFig. 1 Time courses of blood lactate concentrations in each subject during
rest and two exercise conditions. Exhaustive exercise : prolonged

exercise with 105% of work load at ventilatory threshold. Control

exercise : prolonged exericse with 95% of work load at ventilatory

threshold.
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Fig. 2 Time courses of heart rate (HR), stroke volume (SV) and mean blood
pressure (MBP) during rest and two exercise conditions. Exhaustive
ex. : prolonged exercise with 105% of work load at ventilatory thresh-

old. Control ex. :
ventilatory threshold. * :

prolonged exericse with 95% of work load at
significant differences (p<0.05) between

exhaustive ex. and control ex., Values are expressed as means.
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Fig. 3 Time courses of QS,i, LVETi and PEPi during rest and two exericse
conditions. QS,i : total electromechanical systole index, LVETi : left
ventricular ejection time index, PEPi : pre-ejection period index. Exhaus-
tive ex. : prolonged exercise with 105% of work load at ventilatory thresh-
old. Control ex. : prolonged exericse with 95% of work load at ventilatory
threshold. * : significant differences (p<0.05) between exhaustive ex. and

control ex., Values are expressed as means.
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Fig. 4 Relationship between HR and QS,/DT during rest and two exercise
conditions. HR : heart rate, QS,/DT : the ratio of total electrome-
chanical systole to diastolic time. Exhaustive ex. : prolonged exercise
with 105% of work load at ventilatory threshold. Control ex. : pro-
longed exericse with 95% of work load at ventilatory threshold. Values
are expressed as means. The numeral symbols attached to the plots
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Fig. 5-1 Time courses of heart rate (HR), stroke volume (SV) and mean
blood pressure (MBP) in subject M. T. during rest and two

exercise conditions. Exhaustive ex. : prolonged exercise with
105% of work load at ventilatory threshold. Control ex. : pro-
longed exericse with 959% of work load at ventilatory threshold.
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Fig. 5-2 Time courses of heart rate (HR), stroke volume (SV) and mean
blood pressure (MBP) in subject H. T. during rest and two
exercise conditions. Exhaustive ex. : prolonged exercise with
105% of work load at ventilatory threshold. Control ex. : pro-
longed exericse with 95% of work load at ventilatory threshold.
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Fig. 6 Time courses of SV and ¥MBP in each subject during exhaustive
exercise. %SV : the ratio of exhaustive ex. to control ex. in stroke

volume, ¥MBP : the ratio of exhaustive ex. to control ex. in mean

blood pressure. Exhaustive ex. :

prolonged exercise with 105% of

work load at ventilatory threshold. Control ex. : prolonged exeric--
se with 95% of work load at ventilatory threshold.
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Fig. 7-1 Relationship between HR and QS,/DT in subject T. O.
during rest and two exercise conditions. HR : heart rate,
QS./DT : the ratio of total electromechanical systole to
diastolic time. Exhaustive ex. : prolonged exercise with

105% of work load at ventilatory threshold. Control ex. :
prolonged exericse with 95% of work load at ventilatory
threshold, The numeral symbols attached to the plots show
elapsed time in minute from the beginning of exercise.
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Fig. 7-2 Relationship between HR and QS,/DT in subject H. S.
during rest and two exercise conditions. HR : heart rate,
QS,/DT : the ratio of total electromechnical systole to
diastolic time. Exhaustive ex. : prolonged exercise with
1059% of work load at ventilatory threshold. Control ex. :
prolonged exericse with 95% of work load at ventilatory

threshold. The numeral symbols attached to the plots show
elapsed time in minute from the beginning of exercise.
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Fig. 8 Relationships among changes in La, HR, SV, MBP, QS,/DT,
and exhaustive time (TIME) during prolonged exercise with
1059% of work load at ventilatory threshold. ALa : change in
blood lactate concentration between pre-and post-exercise,
HR : changing rate in heart from 10th minute of exercise to
end of exercise, SV : changing rate in stroke volume from
crest to end of exercise, MBP : changing rate in mean blood
pressure from crest to end of exercise, QS,/DT : changing rate
in the ratio of total electromechanical systole to diastolic time
from trough to end of exercise, r : correlation coefficients, p :
statistically significant level for correlation, ns : not statisti-
cally significant.
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