CHANGES IN THE ALVEOLAR DEAD SPACE
DURING PHYSICAL EXERTION
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During physical exertion the excess ventilation of the alveoli of the lungs regularly increases,
as is shown by a significant increase in the alveolar dead space. The subsequent increase in
the blood flow in the lungs connected with the increased intensity of muscular work reduces
the excess alveolar ventilation. The index of excess (VDP/\" A) thereupon returns to its rest-
ing values. During physical exertion the real and effective alveolar ventilations are best re-
garded as independent parameters. The difference between them corresponds to the ventila-
tion of the alveolar dead space.

The analysis of changes in the alveolar dead space during muscular work is of great importance to
the study of excess ventilation of the alveoli of the lungs under various physiological conditions. When it
was shown that the physiological dead space is practically always greater than the anatomical dead space,
it became clear that it was necessary to distinguish the "alveclar” or "parallel" [5, 7] dead space, meaning
a volume of air which, although reaching the alveoli, takes no part in the gas exchange.

The increase in the physiological dead space during physical exertion recordedby a number of workers
[2, 5, 10] indicates that under these conditions the alveolar dead space changes.

The object of this paper is to analyze these changes.

EXPERIMENTAL METHOD

The subjects were 71 well-trained athletes aged 19-31. Physiological indices were recorded at rest
(sitting on a bicycle ergometer) and during physical exertion at the rates of 600, 1200, 1300, and 1500 kg-
m/min. The exercises were carried out on different days, and not more than twice on the same day. The
physiological indices were recorded after 5 min of muscular work in the steady state. In all subjects the
volumes of the dead space were calculated, and respiration rate, tidal volume (V-), alveolar ventilation
(\‘/A), the partial CO, pressure in the alveolar gas (PACO,), the CO, excretion, and the minute volume of the
circulation by the CO, rebreathing method, were recorded.

Later in the text the physiological dead space will be designated VD, as is the custom for the respira-
tory dead space as a whole. The anatomical dead space will be designated VpA, and the alveolar (parallel)
dead space Vpp. It follows that Vp=Vpp + Vpp.

The value of Vi) was calculated for the resting state and for physical exertion [3). The value of Vpp
at rest was calculated by a special equation [4] which, for an arterio—alveolar CO, gradient of 1 mm Hg [2,
5], had the following form:

% o VrVa
'DP =YV, PACS,

The value of Vpa was calculated as the difference between Vp and Vpp. During muscular work the
value of Vpa rises a little because of dilation of the respiratory passages associated with deepening of
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breathing (6, 8]. This increase (Vpa) can be calculated from the increase
in the tidal volume (V). Taking the mean maximal VpA as 70 ml (6) and
the mean ingpiratory volume as 3 liters [9], a coefficient of proportional-
ity is obtained between these values : 23 ml/liter. Since the inspiratory

volume in the vertical position is two-thirds of the maximal V1 [9], it fol-

'§ lows that VDA =16 V. The value of VDA calculated by this equation was
H P2 PPN added to the Vpa at rest, thus giving VpA for the conditions of physical
% .g E §§§§ exertion. The value of Vpp during exertion was calculated from the dif-
§ . 5 g ggg % ference between Vi and Vpa, for the equation given above is applicable
%‘: S | sss8a only to resting conditions.
X
'?‘3‘ . § §§§§ EXPERIMENTAL RESULTS AND DISCUSSION
= 3 Tl Wb During physical exertion a significant excess ventilation of the al-
2 - f Ezgz veoli of the lungs regularly develops. This is shown by the increase in
i‘o 3, E o Vpp compared with its value at rest (Table 1). The physiological signif-
g|847 g = | 2z2z icance of this fact is not quite clear. It seems, however, that the excess
E % :'; % 5 :% ﬂﬂ; zﬂz ﬂ ventilation of the alveoli is aimed at making the work of the external res-
w |2 EZE£| v | =58 piratory system more reliable. Because of this, any sudden increase in
% the blood flow in the lungs associated, for example, with a change in the
E L Ea | 2| 28eB conditions of exertion, will be provided for by the ventilation which is suf-
= EN § g g % j% % l;rzl ficient to ensure normal saturation of the blood with oxygen.
';o;,}, 8 §E - SRR During an increase in the intensity of physical exertion, despite
-g« . § z ‘ oo o stabilization of V (for loads exceeding 1200 kg- m/min) subsequent
REEE &g ﬁ ﬁ jr\[‘ “i‘ optimization of external respiratory function was observed. This was
gl R B b = e shown by a decrease in the ratio Vp/ VT on account of a relative de-
% < >>a cene crease in the volume of the respiratory dead space. This last de-
g g o | coxns crease was associated with a relative, statistically significant decrfease
rg *g g @ 9 HERT in Vpp during muscular work of very high intensity.
. = © =
9 g {g é < | SEK8 The dynamics of the excess alveolar ventilation during an in-
g crease in the intensity of muscular work can be examined most clear-
g 3 Ty 3 8‘:%5‘; ly by analysis of the ratio Vpp/Va, described as the index of excess
& % %g - ‘% gg%g of alveolar ventilation. For loads of 1300-1500 kg m/min this coef-
3 E EeEl © | KXY ficient fell to reach values recorded at rest. Consequently, under
8 - - these conditions the necessary optimization of alveolar ventilation was
. g a ﬁ ﬁﬁf ?r(l) achieved. Without examining the whole range .of flifferent mechanisms
8 o g S| 8 | $358 of the relative decrease in alveolar hyperventilation, although new
£18a|s% e ideas are being put forward in this field [1], it will suffice to say
';!; ‘éi = - | o that the ratio Vp/Va becomes normal only when the minute volume
giss 24l ® ﬁﬁfﬁ of the circulation exceeds 22 liters/min. Under these circumstances
% “ié gL 3 23RBS the arterio—venous difference reaches near-maximal values.
8 %% 5 In conclusion it must be emphasized that the traditional concept
a E"’ éooa ~ BeBN of alveolar ventilation does not correspond exactly to the conditions
g 3 'L} A I 3 B of physical exertion, for the actual volume of air ventilating the al-
5 28| 8 | BRIS veoli is 7-20% greater than the effective alveolar ventilation V4.
Il &a This difference is equal to the volume of ventilation of the alveolar
3 et

E gg §\§ ssss dead space.
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