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Most investigators have found that during hypoxia the vi ta l  capac i ty  of the lungs (VC) is reduced, while the 
puhnonary vent i la t ion is increased [1, 3, 4, 8, 9]. Little work has been done on the study of the changes in external  
respiration during the act ion of hypoxia in persons with various disturbances of function. We have studied the exter-  
nal respiration in subjects in a pressure chamber in conditions equivalent  to an al t i tude of 5000 m and also when 
breathing a mixture of nitrogen with 11% oxygen at  the normal atmospheric pressure. 

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

Dry gas meters were used, in combinat ion with the KM-16 mask, the expiratory valve which was joined to 
the meter,  a universal spirograph, and a metabol ic  spirograph. Altogether 203 investigations were made.  Depend- 

ing on their state of heal th  the subjects were distributed among the following groups: h e a l t h y - 7 8  persons, patients 
with in i t ia l  forms of hypertension and a theroscleros is-32,  patients with residual manifestations of pulmonary tuber-  
cu los i s -28 ,  patients with autonomic vascular dys ton ia -13 ,  and patients with other diseases--12. The ages of the 
subjects ranged from 25-40 years. The numer ica l  results were treated stat is t ical ly.  

E X P E R I M E N T A L  R E S U L T S  

Contrary to data described in the l i terature,  no significant decrease was found in the VC in the presence of a 
high resistance to hypoxia, which contradicts V. A. Gamburtsev's idea  [4] that there is a marked reduction in the 
tone of the respiratory muscles in these conditions. A considerable decrease in the VC was usually observed only 

when the resistance to hypoxia was lowered to ~ marked degree. 

Moderate changes took p lace  in the complementa l  and supplemental  air volumes. The t idal  air  usually showed 
a clear  increase both at an "a l t i tude"  of 5000 m and during inhalat ion of the hypoxic mixture.  The inspiratory vol -  
ume increased on account of an increase in the t idal  air.  

When the subjects possessed some impai rment  of function, and especia l ly  in the presence of changes in the 
cardiovascular and respiratory systems, the inspiratory volume was not s ignif icant ly changed, but a sharp decrease 
took p lace  in the supplemental  air. Irregularities of the rhythm of respiration quickly developed. 

The reduction in the VC and supplemental  air in these conditions suggests that these changes are associated 
with an increase in the residual volume of the lungs and in the volume of the functional residual air. The volume 
of the dead space, as defined by Gray and Carter, was not substantially changed in hypoxic conditions. The so-ca l led  

vi ta i  index showed changes similar  to those in the VC. 

So far as the puh-nonary vent i la t ion is concerned, the minute volume (MV) rose regularly during hypoxia in 
most subjects, mainly  on account of a deepening of respiration. However, in patients with disturbances of cardiovas-  
cular function, the increase in the MV was not s ta t is t ical ly  significant (probabil i ty only 90%), thus indica t ing  a de -  
gree of inadequacy of the adapt ive  reactions of the organism in these cases. 

Whereas in the healthy subjects, with their higher resistance to hypoxia, a significant deepening of respiration 
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Changes in Respiration in Subject E during Hypoxia 

Ini t ial  values when At an "a l t i tude"  of 

Index 

Respiration rate per rain 
Tida l  air (in ml) 
MV (in liters) 

breathing 

air oxygen 

i0 10.9 

54O 46O 

5.4 5.04 

5000 m and breathing 

air oxygen 

11.4 11.7 

500 680 

5.72 8.0 

and a slight increase in its rate (on the average by 2.5 breaths/rain) ,  in subjects with impaired function a slowing of 
the respiration rate was often observed, with an inspiratory pause. This confirmed to some extent  M. E. Marshak's 

opinion [5] tkat permanent  exci ta t ion of the inspiratory portion of the respiratory center  is present when the CO 2 pres- 
sure in the ar ter ia l  blood falls, as is the case, for example ,  in hypoxia. 

Investigations conducted on subjects breathing oxygen are of part icular  interest in the e lucidat ion  of the physio-  
logical  mechanisms of the changes described above. 

At an a l t i tude of 5000 m the change to breathing oxygen usually led to a decrease in the MV, mainly  on a c -  
count of a decrease in the t idal  air. In persons with cardiovascular  diseases the puh-nonary vent i la t ion,  which 
changed re la t ive ly  l i t t le  in hypoxic conditions, rose c lear ly  during inhalat ion of oxygen as a result of a deepening 
and a slight increase in the rate of respiration. This is i l lustrated by the following example .  

Subject  E., aged 40 years; diagnosis: in i t ia l  manifestat ions of cardiosclerosis.  Resistance to hypoxia sat isfac-  
tory. The results of the investigation are given in the table.  

Hence, an adequate  adapt ive  react ion of the organism to hypoxia is an increase in the vent i la t ion of the lungs 
as a result of a deepening of respiration. A decrease or no change in the pulmonary vent i la t ion in these conditions 
indicates  impai rment  of the adapt ive  reactions. These phenomena are not encountered in heal thy persons, but arise 
frequently in persons with disturbances of cardiovascular  function. 

S U M M A R Y  

A study was made  of 203 persons in a pressure chamber  under conditions equ iva len t to  "ascents" to 5000 m, with 
inhalat ion of an 11~ 02 nitrogen mixture.  Only modera te  changes in the respiration rate,  v i ta l  capac i ty  of the 
lungs, and in the complementary  and supplementary air  were noted in cases with good hypoxia tolerance.  The t ida l  
air  inspiratory volume and pulmonary vent i la t ion were increased. No signif icant  changes in the pulmonary ven t i l a -  
tion were observed in persons with pathologic  conditions of the cardiovascular  system, pointing to an inadequacy of 
the adapt ive  react ion of the body. When the state of the subjects became worse, there was a decrease in the respira-  

tion rate frequency at tended by an inspiratory pause, a marked drop in the supplementary air, and a reduction in pul -  
monary venti lat ion.  
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