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An important factor in the pathogenesis of open pneumothorax and pulmonary trauma is acute oxygen lack [2,
3, 6, 9], to which the most sensitive part of the body is the brain [8]. The state of the oxygen supply of the brain
and the mechanisms of development of oxygen lack in the brain in association with open pneumothorax have not,
however, been studied. With the appearance of the polarographic method of investigation, by means of which the
concentration of oxygen in the tissues can be determined in vivo, the possibility of studying problems concerning
the transportation and utilization of oxygen in various pathological processes has been considerably widened.

In the present paper we examine the changes in the oxygen tension in the cerebral cortex and compare them
with changes in the carbohydrate and phosphorus metabolism of the brain, and the indices characterizing the state of
oxygen transportation to the brain in cases of open pneumothorax and lung injury.

EXPERIMENTAL METHOD
Experiments were carried out on unanesthetized animals. Rabbits were injured by the production of an open
pneumothorax on the left side, and by mechanical irritation of the pleura and the parenchyma and root of the lung,
and resection of the lung; in rats the pleural cavity was simply opened.

The criterion of the oxygen supply to the brain was the oxygen tension in the cortex, determined by a polaro-
graphic method [4]. The state of the carbohydrate- phosphorus metabolism was judged from changes in the concen-
tration of readily hydrolyzable phosphorus of adenosinetriphosphate, creatine phosphate, inorganic phosphorus, and
lactic acid in the brain tissues. The effect of open pneumothorax on the oxygen absorption in the lungs and its sup-
ply to the brain tissues was evaluated from the changes in the volume of the pulmonary ventilation, the oxygen de-
mand, the concentration of oxyhemoglobin in the arterial blood, and in the general and the cerebral circulation. The
state of the cerebral circulation was evaluated by the techniques of Hiirthle {14] and Avrorov [1].

EXPERIMENTAL RESULTS

The symptom-complex of open pneumothorax and lung trauma in our experimental conditions was described in
previous papers [5-7]. We consider that as a result of the combined injury a severe pleuropulmonary shock develops,
in which, in contrast to other forms of shock, acute respitatory failure appears very early, and is soon complicated by
insufficiency of the cerebral, and later of the general circulation, Consequently, the body develops oxygen lack, which
is especially marked in the brain. Directly after the pleural cavity was opened, the oxygen tension in the cerebral
cortex fell by 32-175 % (average 58%) of its original level (Fig. 1, 2, 3). In the subsequent stages of the experiment,
in some conditions (see Fig. 2) the oxygen tension in the cerebral cortex continued to fall, while in others (see Fig. 1,
3) it rose slightly, without reaching its original level, and then fell again, its value in the period of the torpid phase
of shock being 42% of its original level.

The origin of the cerebral anoxia in pleuro-pulmonary shock is complex. To judge from our findings, its ini-
tial link is respiratory failure. In fact, within 5-15 min after opening the pleural cavity of these animals a simul-
taneous fall was observed in the oxygen demand, the oxyhemoglobin concentration in the arterial blood, and the
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Fig. 1. Change in the oxygen tension in the
cerebral cortex and in the arterial pressure
during open pneumothorax with lung injury in
a rabbit (experiment on April 24, 1961). Gol-
umns — oxygen tension in the cerebral cortex
(percentages of the original level); continu-
ous line — arterial pressure in the central end
of the common carotid artery (in mm); broken
line — blood pressure in the circle of Willis
(in mm). Stages of the experiment: 1) be-
fore trauma (initial); 2) after opeing the
pleural cavity; 3) after resection of the lung;
4) 30 min, and 5) 1 h after production of
open pneumothorax.
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Fig. 2. Changes in the arterial pressure and
in the oxygen tension in the cerebral cortex
in a rabbit with open pneumothorax and lung
injury (experiment on May 29, 1961). Stages
of the experiment: 1) before trauma (initial);
2) after opening the pleural cavity; 3) after
resection of the lung; 4) 30 min, and 5)1h
after production of open pneumothorax.

oxygen tension in the cerebral cortex (see Fig. 3, 1, 2), The vol-
urne of the pulmonary ventilation at this time, as s rule,was reduced.

After resection of the lung (see Fig. 3, 3) the oxygen tension
in the cerebral cortex rose slightly over that in the preceding per-
iod of the experiment, It is significant that the oxygen demand
and the oxyhemoglobin concentration in the arterial blood were
also increased at this time, although they were still below the in-
itial values, This improvement in the indices of the functions of
the external respiratory apparatus was due to removal of the col-
lapsed lung from the animal,

The strict parallel between the changes in the volume of the
pulmonary ventilation, the oxygen demand, the oxyhemoglobin
concentration in the arterial blood, and the oxygen tension in the
cerebral cortex was also demonstrable during the torpid phase of
pleuro-pulmonary shock (see Fig. 3, 4). Consequently, in open
pneurnothorax acute respiratory failure plays an important role
both in the onset and in the subsequent development of cerebral
anoxia.

Meanwhile, the oxygen utilization in the brain increased
sharply as a result of the extreme excitation of the nervous sys-
tem following trauma, as shown by the results of biochemical in~
vestigation of the braim. Within 5-15 min after formation of the
open pneumothorax, the adenosinetriphosphate concentration in
the brain tissues fell by 10% in the rabbits and by 15% in the rats,
and the creatine phosphate by 39% in the rabbits and by 46% in
the rats, The inorganic phosphorus content of the brain at this
stage of the experiment rose by 34% in the rabbits and by 26% in
the rats; the lactic acid content of the brain increased in the rab-
bits by 83% over its value in the control experiments.

Similar disturbances in the carbohydrate-phosphorus metabo-
lism of the brain have been observed by other researchers using dif-
ferent methods of excitation of the central nervous system [10-13],
It has been found [13] that the changes in the metabolism of 1abile
phosphorus compounds in the brain during excitation and anoxia of
the organ are identical in their direction. This agrees well with
the results of our experiments,

In fact, after resection of the lung a definite connection
was observed between the reduction of the creatine phosphate con-
tent of the brain and of the oxygen tension in the cerebral cortex,
the fall in the volume of the pulmonary ventilation, and the de-
crease in the oxyhemoglobin concentration in the arterial blood
(see Fig, 3), In the torpid phase of pleuro-pulmonary shock the
creatine phosphate content of the brain fell by 59%, the oxygen
tension in the cerebral cortex by 56%, the oxyhemoglobin concen-
tration dropped to 34% below its initial level, the volume of the
pulmonary ventilation fell by 61%, and the oxygen demand by 41%,
The content of inorganic phosphorus rose at this time by 54%, and
that of lactic acid by 230% by comparison with the control values.

It was mentioned above that as a result of rernoval of the
collapsed lung the signs of respiratory failure showed some im-
provement, although complete compensation did not take place
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Fig. 3. Change in the volume of the pulmonary ventila-
tion (close oblique shading), the oxyhemoglobin concen-
tration in the arterial blood (cross-hatched), the oxygen
tension in the cerebral cortex (open oblique shading), the
oxygen demand (a), and the concentration of creatine
phosphate in the brain (b) in rabbits with open pneumo-
thorax and lung injury (mean results for groups of exper-
iments). The initial value of each index is taken as 100,
Stages of the experiment; 1) before injury (original); 2)
after opening the pleural cavity; 3) after resection of the
lung; 4) at the end of the experiment (torpid phase of
pleuro-pulmonary shock),

because the cerebral, and later the general circulation,
became disturbed (see Fig. 1, 2). During the minutes
immediately after opening the pleural cavity the fail
in the oxygen tension in the cerebral cortex was not, in
fact, associated with changes in the general circulation,
since the arterial pressure at this period was actually
increased, The degree of the fall in the oxygen tension
in the cerebral cortex was slightly greater in the rabbit,
(see Fig. 1) in which the blood pressure in the circle of
Willis rose immediately after formation of an open pneu-
mothorax,than in the animal reacting to trauma by a
lowering of the arterial pressure in the cerebral vessels
(see Fig. 2). In the first case, spasm of the cerebral
vessels probably took place in response to the trauma,
After resection of the lung in one experiment (see Fig.
2). In the fimst case, spasm of the cerebral vessels prob-
ably took place in response to the trauma. After resec-
tion of the lung in one experiment (see Fig. 2), com-
bined changes affecting both the general and the cere-
bral circulation, and the oxygen tension in the cerebral
cortex appeared, while in another there was no definite
relationship between the pattern of the changes in these
indices. Only in the stage of severe shock was a clear
relationship observed in both rabbits, both between the
trend of the changes in the circulation and in the oxy-
gen tension in the cerebral cortex and between the de-
gree of lowering of the arterial pressure and of the ox-
ygen concentration in the brain; moreover, the fall

in the blood pressure in the circle of Willis took place

relatively more rapidly than in the general system of the circulation. This indicated a diminution of the tone of the

cerebral vessels [7].

Hence, injury to the lungs and pleura, associated with open pneumothorax, is accompanied by a fall in the ox-
ygen tension in the cerebral cortex, indicating the development of acute cerebral anoxia. Meanwhile, the oxygen
utilization in the brain is increased sharply as a result of the intemse excitation of the nervous system by the trauma.
Subse quently, after removal of the collapsed lung, the signs of respiratory failure begin to improve, but complete
compensation does not take place because disturbances arise, initially in the cerebral, and later in the general cir-
culation., The torpid phase of pleuro-pulmonary shock is associated with both respiratory and vascular failure. In this
way, pleuro-pulmonary shock resembles other forms of shock. The specific features of shock associated with open
pneumothorax are apparent in its erectile phase, which in pleuro-pulmonary shock, in contrast to other forms, devel-
ops against the background of an early and marked respiratory failure.

SUMMARY
As shown in experiments on rabbits, traumatization of the lungs and pleura in conditions of open pneumothorax
is accompanied by a drop of oxygen tension in the cerebral cortex, reduction of phosphorus, adenosintriphosphoric acid
and creatinphosphate content in the brain with a simultaneous rise of inorganic phosphorus and lactic acid concentra-
tion, pointing to the development of acute hypoxia in the brain, At the early states of pneumothorax the leading role
in the appearance of cerebral hypoxia is played by respiratory insufficiency and the CNS excitation. Soon disturbances
of cerebral circulation, and then the general vascular insufficiency, supervene.
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-

cover English translations appears at the back of this issue.
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