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A simple method of determining a r t e r i a l  pCO 2 in hypereapnic states has been developed and 
tested. It consis ts  essent ial ly  of determining the a r t e r i a l  pCO 2 at the end of submaximal 
breath  holding. 

One of the most  important  indices of external r e sp i r a to ry  function and the ac id-base  balance of the 
blood is the part ial  p r e s su re  of carbon dioxide in the a r t e r i a l  blood (arterial  pCO2). Under a wide var ie ty  
of physiological and pathological s tates the need a r i s e s  for a rapid and reliable method of determinat ion of 
the a r t e r i a l  pCO 2 as an index of the adequacy of the pulmonary ventilation. Direct  investigation of the blood 
gases  is an acute but complicated method, for it is  not always easy, by any means,  to obtain blood by a r t e -  
r ial  puncture, and the determinat ion of the CO 2 tension in a r te r ia l  capi l lary blood requi res  an expensive ap- 
para tus  and is wasteful of the time of trained personnel .  It is much more  convenient to determine the a r -  
ter ial  pCO 2 f rom the value of the a lveolar  pCO 2. In the healthy person,  the diffeience between these two 
values is in fact  ext remely  small  and in many cases  it is vir tually nonexistent. 

However, even in the healthy subject it may be difficult under many conditions to obtain alveolar  a i r .  
In persons  with var ious  types of dis turbance of external r e sp i r a to ry  function (variation of the ventilation- 
perfusion ratio, with in t ra -  and extrapulmonary shunts and with marked dis turbances  of diffusion) the posi -  
tion is complicated by the variat ion in composit ion of different samples  of expired a i r  and by the difference 
which exists  between the CO 2 tension in the a r te r ia l  blood and in the alveolar  gas  in these cases  [1, 2]. 

During rebreathing in a closed sys tem of low volume equilibrium must  be rapidly attained between 
the part ia l  p r e s s u r e s  of carbon dioxide in the a lveolar  a i r  and in the mixed venous blood. This equil ibrium 
can be detected and recorded  by means  of low-iner t ia  gas ana lyzers  of the Capnograph, GUM-2, and GUM-3 
types or  determined by rapid ana lyze rs  of the GUKh-1 type [3-7]. Modern methods of indirect  de te rmina-  
tion of pCO 2 in mixed venous blood and, a f t e r  appropr ia te  calculations, in a r te r ia l  blood, a re  based on this 
principle [8, 10], which enables the minute volume of the circulat ion to be calculated by the Fick principle.  
However, the rebreathing procedure  is somet imes  difficult for  the subject undergoing the test  and it may 
even be impossible if marked dis turbances  of external r e sp i r a to ry  function are  present .  Fo r  that reason,  
at the suggestion of Academician of the Academy of Medical Sciences of the USSR, B. E. Votchal, since 1965 
a s impler  method o f d e t e r m i n i n g t h e p a r t i a l p r e s s u r e  of carbon dioxide in the a r te r ia l  blood f rom its p r e s -  
sure  in the alveolar  air ,  obtained f rom the final portion of the expired a i r  af ter  voluntary submaximallSreath 
holding in inspiration, has been developed. A special se r i e s  of experiments  showed that submaximal brea th-  
holding in inspirat ion is optimal, it p resen t s  no difficulty for the patient (without the Valsa lva ' s  maneuver),  
and it va r i e s  individually in duration. The time of breath-holding var ies  within wide l imits depending on 
the ca tegory  of disturbance of pulmonary function (6-8 sec in cases  of marked, purely res t r i c t ive  d is tur -  
bances,  e.g., in H a m m a n - R i c h  disease,  to 40-60 sec in marked obstructive syndromes  with a high residual  
lung volume). 
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Fig.  1. Capnogram of a patient: A) with a marked  obs t ruc t ive  
syndrome and hypercapnia (ar ter ial  pCO 2 60 mm Hg). Com- 
par i son  with Col l i e r ' s  method: on the l e f t - p l a t e a u  during r e -  
breathing (9.5~c CO2), on the right - af ter  voluntary submaxi-  
mal breath-holding 0.5% CO2); B) in normocapnia and moder -  
ate obstruct ive dis turbances  (arterial  pCO 2 41 mm Hg); C) in 
marked hypercapnia (ar ter ia l  pCO 2 80 mm Hg); b) ordinary ex- 
piration; d) expiration af ter  voluntary submaximalbrea th-  hold- 
ing; numbers  denote CO 2 concentrat ion (in percent) .  

Fig.  2. Divergence between direct  and indirect  determinat ion 
of a r te r ia l  pCO 2. Ordinate, number of cases;  f igures  beneath 
columns show differences in pCO 2 (in mm Hg). 

The a lveolar  pCO 2 determined by this method is very  close to pCO 2 of mixed venous blood. This is 
evidently because,  when the volume of a i r  in the lungs is compara t ive ly  small, a short  time is sufficient for  
pCO 2 in the a lveolar  a i r  to become equal to pCO 2 of the iuflowing venous blood. The best  way of de termin-  
ing carbon dioxide in the a lveolar  a i r  af ter  voluntary submaximal  breath-holding is by means of the GUM-3 
ins t rument  or Capnograph. As a rule a plateau can be obtained on the capnogram af ter  breath-holding as 
descr ibed above even when no such plateau can be obtained during ord inary  deep expiration. 

A reliable picture of the a lveolar  pCO 2 under the conditions associa ted  with this method can also be 
obtained even by the use of such simple and cheap gas ana lyzers  as the GUKh-1 and GUKh-2, although of 
course  these methods a re  less  accura te .  

The technique has been constantly checked for  its repet i t iveness .  Compar isons  were made with Col- 
l i e r ' s  method (rebreathing in a closed sys tem incorporat ing a low-iner t ia  gas  a n a l y z e r -  the Goddart, GUM-2, 
or  GUM-3 Capnograph), and with a modification of Campbel l ' s  method (with a rapid ana lyzer  of the GUKh-1 
type). Agreement  between the resu l t s  was perfect ly adequate as regards  accuracy  (Fig. 1). In 145 cases  
with var ious  types of dis turbance of external  r e sp i r a to ry  function this technique was compared with a para l -  
lel determinat ion ca r r i ed  out on a r t e r i a l  blood by the mic ro -As t rup  method (L. S. Shcherbakova and A. I. 

�9 Kabakov). As Fig .  2 shows, the divergence as a rule does not exceed 3 m m  Hg, so that the method can be 
used in all cases  when it is  essent ial  to have a rapid est imate  of the subjec t ' s  condition as reflected in the 
a r te r ia l  pCO 2. 

Divergences  of 4-7 mm Hg were found in 20 of the 145 cases,  and in marked hypercapnia this could 
not be due to e r r o r s  of inference.  Only in six cases  were divergences  g rea te r  than 7 mm Hg, but this hap- 
pened in patients with severe  dis turbance of the pulmonary circulat ion and high hyperventilation (embolism 
of branches  of the pulmonary ar tery) ,  in which any indirect  determinat ion gives only a highly approximate 
resul t .  In these cases  a lso the resu l t s  of the determinat ion ag reed  with those obtained by Col l ie r ' s  method. 

The suggested method is easi ly reproducible,  does not fatigue the patient, is  not t ime-consuming for 
ei ther  subject or invest igator ,  and it can be used in different situations and in persons  with severe  degrees  
of d is turbances  of external r e sp i r a to ry  function of var ious  kinds with sufficient accuracy  for  clinical pur -  
poses .  
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