EFFECT OF A MODIFIED GASEOUS MEDIUM ON THE PULMONARY CIRCULATION
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The pulmonary vasoconstrictor response to hypoxia is regarded as part of a self-regulat-
ing mechanism by which the capillary blood flow of the lungs automatically adapts itself to
the level of alveolar ventilation. Adequate relations between ventilation and blood flow in
the various parts of the lungs ensure normal arterialization of the blood. Changes in these
relations lead, first, to the appearance of arterial hypoxemia [1, 2, 4, 13]. Comstriction
of the pulmonary vessels arising under the influence of acute hypoxia lies at the basis of the
rise of arterial pressure (BP) in the pulmonary system. The importance of this mechanism has
been demonstrated in man during certain diseases and in experiments on animals [3, 10, 11,
14]. There is some evidence to suggest that constriction of the pulmonary vessels in acute
hypoxia takes place mainly at the level of the small arteries [12]. Many factors may be in-
volved in the mechanism of development of the constrictor response. Their effect has been
studied under different conditions and by the use of different methods [10, 13, 14]. It has
been shown that the constrictor response to acute hypoxia can take place in totally denervated
lungs, in a heart-lung preparation, and in isolated lungs [13, 14]. In most investigations
perfusion of the lungs has been used. This accounts for the importance of a study of the ef-
fect of changes in the gaseous medium while the pulmonary blood flow remains normal.

In this investigation the blood flow was studied in different parts of the pulmonary
vascular system in hypo- and hyperoxia, and also in hypercapnia.

EXPERIMENTAL METHOD

In acute experiments on 40 cats weighing 3-5 kg with an open chest and with artificial
ventilation of the lungs, under pentobarbital anesthesia (30-40 mg/kg), the blood flow in dif-
ferent parts of the vascular bed of the lungs [8] was measured by an ultrasonic method [5]:
in the infundibulum (output of the right heart), in a branch of the pulmonary artery supplying
blood to the lower lobe of the left lung, and in the vein draining this lobe. The blood pres-—
sure in the pulmonary circulation was measured by means of a microelectromanometer [6]: the
catheter was introduced through a branch of the upper lobe artery into the lumen of the left
pulmonary artery. Some experiments were conducted on animals with a closed chest and with
natural breathing. 1In these experiments the chest was opened, ultrasonic transducers were
fitted to the corresponding pulmonary vessels, after which the chest wall was closed in layers
and the animal's natural breathing restored. Respiratory movements of the chest were recorded
with a piezoelectric transducer. To create conditions of hypo- and hyperoxia, and hypercapnia,
the animals were made to breathe gaseous mixtures with a reduced oxygen concentration (5 and
10% 0, in nitrogen) or with an increased CO, concentration (5 and 10% CO. in air}, and also
of oxygen. The gas mixture was supplied from a Douglas bag by means of an artificial respir-
ation apparatus {in experiments with an open chest) or through respiratory valves (with a
closed chest). Inhalation of the gas mixture continued usually for 10-12 min. In some experi-
ments the effect of hypoxia and hypercapnia for a longer period {(up to 1 h) was studied.

EXPERIMENTSL RESULTS

During inhalation of a mixture containing 10% O, the blood flow aleng the artery of the
lower lobe of the lung fell by 10-15% below its initial level and the mean blood pressure in
the pulmonary system rose from 5-8 to 15-18 mm Hg (Fig. la). The oxygen saturation of the
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Fig. 1. Effect of hypoxia on pulmonary circulation:
taining 10% 0,3 b) inhalation of mixture containing 57
ficial respiration; c¢) inhalation of mixture containing
natural breathing. a, b: 1) blood pressure in pulmonary
blood flow in vein from lower lobe (in ml/min); 3) mean
tery of lower lobe of lung (in ml/min); 4) phasic blood
(in cm/sec). Time scale: 1 and 10 sec, arrow indicates
respiratory movements of chest (inspiration upward), 2)

a) inhalation of mixtures con-

02, with open chest and arti-
10%Z 0z, with closed chest and
artery (in mm Hg); 2) phasic
values of blood flow in ar-
flow in artery of lower lobe
beginning of exposure; c: 1)
mean values of blood flow in

artery of lower lobe (in ml/min), 3) phasic blood flow in artery of lower lobe of
lung (in cm/sec). Time scale 1 and 10 sec. I) background, II) exvosure for 5 min,
III) recovery for 5 min. '

Fig. 2. Effect of hypercapnia and hypoxia on pulmonary circulatiom: a) inhalation

of mixture containing 5% COz; b) inhalation of mixture containing 5% 0,. 1) blood
pressure in femoral artery (in mm Hg); 2) mean values of flow in artery of lower lobe
(in ml/min); 3) phasic blood flow in artery of lower lobe (im cm/sec); 4) phasic
blood flow in vein of lower lobe (in ml/min). Time scale: 1 and 10 sec. I) back-
ground, II) breathing gas mixture for 5 min. Note changes in diastolic flow in pul-
monary artery (3), in the same direction as changes in mean values of blood flow in
artery (2).

arterial blood (Sa0,;) under these circumstances averaged 90% (from 87 to 92%) [9}. The sys~
temic BP remained almost unchanged (Fig. 2a). 1In most experiments the cardiac output was un-
changed under these conditions or increased a little (by 5~10%). This suggests that constric-
tion of the pulwmonary vessels takes place during moderate hypoxia.

Inhalation of a mixture containing 5% 0. f{more rigorous hypoxia) caused a varied response:
some experiments the reaction was biphasic (a fall at the beginning of exposure, followed
an increase in the blood flow), and in the other experiments the blood flow in the artery
of the lower lobe increased by 10~15%. The mean blood pressure in the pulmonary artery rose
to 23-25 mm Hg (Fig. 1b). Sal0, fell under these conditions on average to 66% (from 51 to
817%) .

in
by

Hypercapnia, like moderate hypoxia, usually caused the blood flow in the artery of the
lower lobe of the lung to fall by 10-15% below its initial level, and the mean pressure in
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Fig. 3. Effect of hypercapnia and asphyxia on pulmonary circula-
tion: a) inhalation of mixture containing 5% CO.; b) inhalation
of mixture containing 10% CO.; c¢) asphyxia. Arrow indicates be-
ginning of exposure. Remainder of legend as to Fig. la, b.

the pulmonary system to rise to 15-20 mm Hg (Fig. 3a). During inhalation of a mixture contain-
ing 10% CO,, an increase in blood flow was observed in some experiments (Fig. 3b).

During inhalation of gas mixtures changes in the blood flow in the lobar artery and vein
were often not parallel. Whereas during moderate hypoxia or hypercapnia the inflow of blood
into the arteries fell, the outflow into the vein could be unchanged (Fig. la) or even in-
creased (Fig. 3a). The relationship betwasen these changes in blood flow in artery and vein
indicates that during exposure to a modified gaseous medium the blood volume in the lobe of
the lung studied (and also, probably, in the lungs as a whole) was reduced.

During hypoxia and hypercapnia changes took place in the character of the phasic blood
flow in the lobar artery and vein. In the lobar artery of the lung there was usually a more
or less conspicuous constant component of the blood flow (the diastolic flow) [8]. Experi-
ments showed that quantitative changes in blood flow took place mainly on account of changes
in this constant component. In those experiments in which the diastolic flow was more con-
spicuous, so also were the changes in the blood flow, i.e., reactivity of the pulmonary ves-—
sels is largely dependent on their initial functional state. When the blood flow was observed
to decrease in hypoxia and hypercapnia, this was reflected in the curve as a decrease in the
diastolic flow or its total disappearance (Fig. lc, compare with Fig. 2a). It can be tentative-
ly suggested that this was due to constriction of the intramural pulmonary vessels. With an
increase in blood flow the diastolic flow increased (Fig. 2b). The phasic character of the
blood flow ceased to be observed in the pulmonary vein during hypercapnia, and its respiratory
fluctuations increased sharply (Fig. 3b). This could not be due in this particular case to
changes in the intrapleural pressure, for the experiment was carried out with an open chest
and with artificial respiration. This fact deserves special analysis.

In asphyxia caused by stopping the artificial respiration apparatus, the blood pressure
in the pulmonary system rose to 25-30 mm Hg (Fig. 3c). The blood flow in the pulmonary ves-—
sels remained unchanged for 1-2 min or rose slightly, then began to fall parallel with extinc-
tion of cardiac activity and a reduction of cardiac output. Changes in the pulmonary venous
flow were opposite in phase to changes in the flow in the pulmonary artery (Fig:. 3c) (under
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similar conditions the coronary blood flow is increased by 6-10 times compared with its ini-
tial level [9]).

In experiments with a closed chest a number of features were discovered which distin-
guished the character of the pulmonary blood flow under these conditions from that observed
during artificial respiration. The respiratory waves of the blood flow were much weaker. Their
direction was opposite to that observed during artificial ventilation of the lungs: in inspir-
ation the blood flow increased, in expiration it decreased (Fig. lc). The opposite relations
were observed during artificial respiration [8]. The character of changes in the pulmonary
blood flow in hypoxia and hypercapnia was the same as in experiments with artificial respira-
tion, although the quantitative characteristics could be different: the responses in some ex-—
periments were greater (Fig. lc).

In the intact organism, during moderate hypoxia (10% 0,) and hypercapnia, a very small
reduction in blood flow took place in the lower lobe of the lung. This was evidently associa-
ted with constriction of the pulmonary vessels, due to the direct action of alveolar hypoxia
and hypercapnia on them. In the case of more rigorous hypoxia (5% O,) varied changes were ob-
served in the pulmonary blood flow: either a biphasic reaction or an increase in blood flow.

The relative stability of the quantitative parameters of the pulmonary blood flow when
investigated in the intact organism will be noted: even during quite rigorous procedures, but
appropriate for the pulmonatry circulation (hypoxia, hypercapnia), its changes usually did not
exceed 10-157 of the original level. Meanwhile the shape of the phasic flow curve (particu-
larly venous) and of the blood pressure curve in the pulmonary circulation could change con-
siderably under these conditions. It can be tentatively suggested that this is the result of
changes in contractile activity of the heart under the conditions studied [7].
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