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I t  was shown in the previous communication that artificial closed pneumothorax elicited substantial changes 
In efferent impulses in the pulmonary branches of the vagus and consequently in the activity of the respiratory 
center. These data, together with facts described In the literature [1, 4, 6, 9], suggested that an Important role 
in the mechanism of the influence exerted by artificial pneumothorax was played by reflex factors. 

This question has not received adequate experimental examination and requires Investigation of the concrete 
mechanisms underlying the functional changes in external respiration during pneumothorax. 

The present communication is concerned with the study of pulmonary biomechantcs of pneumothorax ( b y  
means of investigation and comparison of the distinctive features of respiratory movements of the thorax, tntra- 
pleural and intratrachael pressure, magnitude of pulmonary ventilation and arterial blood pressure) at the moment  
of Induction of closed experimental pneumothorax and during adjustment to it. 

E X P E R I M E N T A L  M E T H O D  

Two series of experiments were carried out: short-term experiments on 16 cats and prolonged experiments 
on 2 dogs. 

In the experiments on urethane-anesthetized cats (1 g/kg urethane) a study was made of the effect on in- 
duced closed pneumothorax and of subsequent aspiration of air from the pleura1 cavity, on the dynamics of res- 
piratory movements of the thorax, changes in its volume, air pressure in the trachea, intrapleural pressure and 
arterial blood pressure. 

Thoracic respiratory movements were recorded by means of a crimped rubber tube fastened around the 
thorax and connected with a Marcy's tambour. This method of recording respiratory movements permits observa- 
tion of changes in the mid-position of the thorax and hence relative changes in its volume can be judged. 

Fluctuations of air pressure in the trachea during the respiratory phases were recorded by the usual method 
by means of a tracheal eannula connected to a Marey~ tambour. Intrapleural pressure was recorded by means 
of a system consisting of a hollow needle which was introduced into the pleural Cavity, rubber tubes and a water 
manometer connected to a Marey's tambour. Blood pressure was recorded in the common carotid artery by a 
mercury manometer and a tonometer. In some experiments the other carotid artery was also exposed. In the 
course of the experiment a clamp was placed on it for 10-15 seconds from time to time in order to determine 
the level of reflex excitability of the vasomotor center. 

Introduction of air tnto the pleural cavity and aspiration of air from the latter were achieved by means 
of a pneumothorax apparatuswhlch was connected by a T-johlt  to the intrapleural pressure recording system. 
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In the second series o[ experiments, performed on the dogs Prim and Chemushka, kymographtc records 
made of the respiratory movement~ of the thorax and the abdomen, tntrapleural pressure and the magnitude 

d ~ l m o n a r y  ventilation. A hermetic mask wasplaced on the dog's muzzle tn order to record pulmonary 
~emllat ion.  The expired air passed from the mask by a connecting tube to a gas meter, the movement of whgse 
~ d l e  was recorded on the kymograph by means of electric contacts and an electric marker, The marker 
m~'mrdeg a mark for every 200 ml of air which passed through the gas meter. 

E X P E R I M E N T A L  RESULTS 

When 30-60 ml of air was Introduced Into the lntrapleural space of cats (weighing 2.5-3.5 kg) substantial 
~ A g e s  were recordediin the interrelation and functions of the lntrathoraclc organs. The kymograms show (Fig. 
I]~ t l t~ t immedta te ly  after Induction of pneumothorax the Increase in intrapleural pressure Is accompanied by con- 
~ e ~ r ~ l e  Increase of lnspiratory tonns of the thoracic respiratory musculature. The thorax passes into the position 
a[~m~pltation as it **,ere, but Its respiratory excursions continue and their amplitude not only does not diminish 
h ~ t ~  even enhanced to some extent. The volume of the thorax thus Increases following induction of pneumo- 

TiaeampUtude of the curve recorded from the trachea under these experimental conditions shows an 
~a~:nrease. The blood pressure In the carotid artery drops by 5-10 mm Hg at the moment of induction of pneumo- 
tlue~ax and then returns to the initial level or rises by 10-15 rain Hg. 

~f ter  a certain time ha s elapsed from the induction of pneumothorax the respiration and circulation 
se~e :down  at  a level somewhat different from the initial one. The lnspiratory tonus of the thorax gradually 
~ e s  while intrapleural pressure, despite the presence of air in the pleural cavity, displays a tendency 
to~e~tt~rn to the initial level Characteristic for the given animal. 

:Following additional introduction of air into the pleural cavity and creation of a more "tense" pneumo- 
t h ~  (Fig* 1, Ss0) the inspiratory tonns of the thorax becomes still more marked. The amplitude of the 
~ t o r y  curve ~recorded from the trachea at the moment of induction of pneumothorax drops to zero and then 
lnc:~_.ases gradually beyond the Initial level, This phenomenon is apparently determined by changes in the 
I t ~ : n  of  the air passages. 

l"~e blood pressure tn "tense" pneumothorax shows a small fall a t  the moment of pneumothorax Induction 
fol~o~A] by a rise when fluctuations associated with respiratory phases become considerably enhanced. 

�9 ;Following aspiration of air from the pleural cavity, respiration and blood pressure gradually return to 
n o r ~ l  (Fig. 1, S~a). 

The phenomenon of increased lnspiratory tonus of the thorax and the increase in Its mean volume after 
l n d ~ t i o n  .of pneumothorax described above has also been observed after preliminary section of the phrenie 
nerves in the neck. The effect was diminished but not abolished by bilateral vagotomy. 

~la the long-term experiments on dogs, data similar to those given by the short-term experiments on cats 
wer~obtained.  The kymograms show (Figs. 2 and 8) that induction of closed pneumothorax is accompanied by 
a c~mpematory  expansion of  the thorax and changes in the inter-relations of the respiratory phases. Not 
~ a ~ l y  respiratory arrest at the beginning of expiration was noted at the moment of induction of pneumo- 
t h ~ t r i g .  ~). 

~ r e  is some decrease in pulmonary ventilation and depth of inspiration at the moment of pneumo- 
thom~ ltu/uction and Immediately following it, but after only a few minutes the pulmonary ventilation returns 
to ggrrmat or even exceeds that value. The latter indicates that the lungs execute considerable resplratory 
m ~ m e n t  after Induction of pneumothorax. The intrapleural pressure in the experimental dogs returned to 
n ~ l  2-3  days after the Induction of pneumothorax, i .e. ,  before the air in the pleural cavity was absorbed. 

D I S C U S S I O N  

The results obtained show that artificial closed pneumothorax elicits substantial changes in respiration, 
a n ~  ~i thin certain limits, promotes the appearance of a number of compensatory-adaptive reactionsof the 
0rg~mSsm as a whole. There is no doubt that in "unstained" pneumothorax collapse of the lung is not the main 
an8 s~gntficant factor in the mechanism of pneumothora x action. 

9~9 



The fact noted by us, vlz. that the lntrapleural pressure returns to the Initial level before the absorption 
of the air from thepleural cavity, agrees wltll the data obtained by a number of authors [1, 2, 4, 5, 10, 11] who 
also observed tnconsfstenctes between the volume of atr Introduced Into the pleural cavity and the magnitude 
of change In lntrapleural pressure. 

F. Parodt [11] had used this fact to prove his "theory of pulmonary weight." Other authors regarded It as 
the basle argument for postulating a theory of pleuro-pulmonary reflex [1, 4, 5, 9]. 

We conclude on the basis of our experiments that the Inconsistency between the volume of air Introduced 
and lntrapleural pressure during pneumothorax Is the result of compematory expansion of the thorax elicited by a 
reflex from the pleural and pulmonary tnteroceptors affecting the tonus of respiratory musculature. Under 
conditions of pneumothorax this reflex ensures adaptive changes tn the inter-relation of the mean volume of 
the thorax and volume of the lungs. The possiblUty of reflex changes In the tonus of bronchial muscles and pul- 
monary blood vessels must also be kept In mind [3, 7, 8, 10, 12j 13]. 

The biologic significance of these reflexes should be considered in terms of the importance of maintaining 
a relative physiologic equilibrium in the system~ respiratory apparatus - intrapleural pressure. This equilibrium 
must be referred to a number of such finely regulated body constants as the physicochemtcal composition of the 
blood, body temperature, blood pressure etc. 

The tendency of the lung to expand to its natural volume after induction of pneumothorax, as well as the 
fact of absorption of air from the pleural cavity, favor this concept. 

It is not surprising that these reflexes are masked under physiologic conditions and are not Immediately 
detectable. When the organism is placed under extreme conditions these reflexes tend to appear more 
clearly. 

SUMMARY 

Short-term experiments were performed on cats and prolonged ones on dogs. It was established that in 
"unstrained" experimentally-induced closed pneumothorax intensive respiratory movements were performed by 
the lungs. Pneumothorax causes compensatory expansion of the thorax by reflex mechanism which acts from 
lnteroqeptors of the pleura and lungs on the tone of the respiratory muscles. 

Reflex regulation of the average volume of the thorax and the ratio of the volume of the thorax to that of 
the lungs is postulated. 
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