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Recovery from the hyperpnea of moderate exercise. The
recovery ratio.

By A. W. HEWLETT and J. R. NAKADA.

[From the Department of Medicine, Stanford University Medical
School, San Francisco, Calif.]

After muscular exercise, the excessive pulmonary ventilation
lessens rapidly at first and then more slowly. The promptness
of recovery is obviously one of the factors which indicate the
individual’s reaction to the exercise. It is difficult to measure
the total duration of hyperpnea because the final approach to the
resting level is very gradual and there is no sharp end point. We
have therefore sought a numerical expression for the earlier
and more rapid stages of recovery.

The test exercise here reported consisted of 200 hops at a rate
of 120 hops per minute, or of climbing 200 steps on a treadmill
at a rate of about 80 per minute. The rate of pulmonary ven-
tilation was recorded just before and for several minutes just
after the exercise, using the recorder described by Slonaker.! We
found that in these experiments, the rate of pulmonary ventila-
tion, at any moment, t, after the exercise stopped, roughly ap-
proximated a logarithmic curve of the form

_ h.rt4e¢
According to such a formula the ventilation for successive min-
utes after the exercise stopped may be expressed as follows:

For the first minute M +He
For the second minute Mr +e¢
For the third minute Mr2+4e
For the fourth minute Mi3+4ec

and so on. In our calculations, ¢ equalled the rate of ventilation
before the exercise started, M was determined by subtracting ¢
from the ventilation of the first minute and r was so chosen as
best to fit the ventilation of subsequent minutes. Since r is a
fraction the value of the expression diminishes with each suc-
ceeding minute and the ventilation ultimately approaches c, the
resting ventilation. The rapidity of the approach depends upon

1 8lonaker, J. R., Sci., 1923, 1vii, 180,



208 ScienTiFic Proceepings (136)

the value of r. For this reason r may we called the recovery
ratio.

In the accompanying tables a comparison is made between the
observed ventilations and those calculated by this formula. In
each case, averages of a number of experiments were used so as
to lessen the accidental fluctuations in ventilation, which are
sometimes rather marked. It will be noted that observed ventila-
tions roughly correspond to the postulated type of curve. Dif-
ferences in the speeds of recovery are indicated by the volumes
of r.
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