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Summary

Physiological differences in aerobic and anaerobic exercise were assessed within the coupling
framework between the left ventricle and the arterial system. In 10 normal men, the anaerobic
threshold was estimated using sequential breath gas analysis during incremental ergometer tests.
Direct arterial pressure and left ventricular echocardiograms were simultaneously recorded as its
pressure was changed by phenylephrine or nitroprusside, and the slope (Ees) and volume axis in-
tercept (Vo) of the end-systolic pressure (ESP)-volume relationship were determined. The effective
arterial elastance (Ea) was expressed by the slope of the ESP-stroke volume relationship. Assuming
that the Vo was unchanged from the resting state, the Ees and Ea were determined during exercise
at aerobic and anaerobic work levels for each subject.

During aerobic exercise, an increase in left ventricular end-diastolic volume and the tendency
to decrease in ESP caused a significant fall in Ea by 30%. There was no significant change in Ees.
Consequently, Ea/Ees which correlates inversely with left ventricular pump efficiency, decreased by
35%. During anaerobic exercise, Ea remained the same as during aerobic exercise, but Ees rose
substantially by 89%. This caused a further reduction in Ea/Ees (—54%). Thus, ventriculo-
arterial coupling during exercise is characterized by a decrease in Ea/Ees, indicating an augmentation
of pump efficiency. This is primarily mediated by changes in loading conditions (decrease in Ea)
during aerobic exercise, and by enhanced contractility (increase in Ees) during anaerobic exercise.
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Fig. 1. Determination of gas exchange anaer-
obic threshold (AT).

Anaerobic threshold is discerned where minute
ventilation (VE) and carbon dioxide production
(VCO,) begin to increase nonlinearly despite a linear
increase in oxygen uptake (VO,). The break point
of increasing end-tidal oxygen concentration (ETO,)
without a concomitant decrease in end-tidal carbon
dioxide concentration (ETCQO,) is also determined to
corroborate anaerobic threshold.
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Fig. 2. Exercise echocardiograms.

M-mode echocardiograms of left ventricular cavity guided by two-dimensional echocardiography

are recorded simultaneously with arterial pressure both at rest and during ergometer exercise.
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Fig. 3. Left ventricular contractile property
expressed by the slope (Ees) and the volume
axis intercept (Vo) of the end-systolic pressure-
volume line.

Arterial input impedance property is expressed by
the slope (Ea) of arterial end-systolic pressure-stroke
volume relation. A graphic expression of the cor-
relation of Ees with Ea is shown at rest and during
exercise.

SW =stroke work; PVA=left ventricular pressure-
volume area.
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Table 1. Hemodynamic responses to exercise

Rest Aerobic Anaerobic
(beuts/miny S8 8812 11811
giiﬂg) 93+11  86+14  90x13
gﬁv;q 67+7 7746% 7048t
(oen) 2545 2145 15k5%
onljm?) 4246 S6x8% 558
gfjan/ml) 2.0540.50 2.34+0.66 3.87+2.23t

Ea
(mmHg/ml) 1.26+0.23 0.88+0.21* 0.94+0.20%
Ea/Ees 0.65+0.18 0.42+0.15% 0.30+0.14*t

(mean-standard deviation)

Abbreviations: Ea=slope of arterial end-systolic
pressure-stroke volume relation ; Ees=slope of ventri-
cular end-systolic pressure-volume relation; EVD=
end-diastolic volume; ESV=end-systolic volume;
ESP=end-systolic pressure; HR=heart rate; SV=
stroke volume.

* p<0.05 vs Rest, T p<0.05 vs Aerobic.
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Fig. 4. Responses of left ventricular volume
and stroke volumes to aerobic and anaerobic
exercise in normal subjects.

During aerobic exercise, there are a significant in-
crease in end-diastolic volume (EDV) and a signifi-
cant decrease in end-systolic volume (ESV), resulting
in a 329% increase in stroke volume (SV). During
anaerobic exercise, EDV returns to the resting level,
while ESV shows a further decrease which maintains
an augmentation of stroke volume.

* p<0.05 vs Rest, T p<0.05 vs Aerobic.
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Fig. 5. Responses of ventricular and arterial
properties to aerobic and anaerobic exercise in
normal subjects.

During aerobic exercise Ea/Ees decreases signifi-
cantly mainly due to a reduction in Ea. During
anaerobic exercise, a substantial increase in Ees causes
a further decrease in Ea/Ees.

* p<0.05 vs Rest, + p<0.05 vs Aerobic.
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