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A method of assessing the respira tory response to a hypercapnic stimulus after  an increase in 
alveolar pCO 2 in accordance with an assigned program is suggested. The results a re  indepen- 
dent of the metabolic level, res is tance to respiration, and other factors.  Unlike the widely used 
rebreathing method, this new method enables the ventilatory sensitivity to CO 2 to be compared 
at rest ,  during muscular work, when the resis tance to respirat ion is changed, and so on. It 
can also be used for both clinical and experimental investigations. 
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To assess the functional state of the system controlling respiration determination of the response of the 
pulmonary ventilation to measured hypercapnia ("ventilatory sensitivity") is widely used in practice. The 
rebreathing method is most frequently adopted. Its advantages are its speed and high informativeness: an 
adequate number of points for plotting the curve reflecting dependence of the increase in pulmonary ventilation 
on the increase in pCO 2 in the alveolar air (AV/ApACO2) can be obtained at once. Admittedly, differences in 
the initial level of ventilation, and also the effect of these differences on the course of equalization of the CO 2 
concentration in the lungs-bag system can distort the initial part of the curve appreciably. This disadvantage 
is overcome in Read's modification, which is based on the principle of creation of an "open Loop" [I, 2]: Before 
the test the system is filled with a mixture in which the CO 2 partial pressure is close to pCO 2 of mixed venous 

blood, as a result of which during rebreathing the increase in PACO 2 takes place uniformly and independently 
of ventilation: it is due entirely to metabolic production of CO2. At the same time, this feature is a disad- 
vantage of the method: Withan increase in the gas exchange in the body, especially during muscular work, 
accumulation of CO 2 in the rebreathing system can take place so fast that the curve of the response can no 
longer be compared with that obtained at rest. Furthermore, as the present writer's investigations have shown, 
with an increase in resistance in the air passages equalization of the CO 2 concentration in the lungs-bag sys- 
tem is delayed, whereas if the resistance is reduced (by breathing a mixture of helium and oxygen) it is ac- 
celerated, and this also can affect the remllts of the test. 

The method developed by the writers is designed to produce progressive alveolar hypcrcapnia in the 
subject tested within the same range as during rebreathing by Read's method, the increase in PACO 2 is pro- 
duced in accordance with a strictly assigned program and is independent of the conditions trader which the test 
is carried out. For this purpose a gradually increasing flow of CO2, the rate of which is regulated in order to 
produce an assigned increase in PACO 2 in the course of a definite time interval, is added %0 the flow of in- 
spired (in an open system) air or oxygen or other gas mixture. 

As shown in Fig. i, the experimental subject or animal breathes through a mask, ~nouthpiece, ortracheal 
eannula (I) through a pneumotaehograpldc tube (2). Of course any other method of recording pulmonary venti- 
lation may also be used. The CO 2 concentration in the expired gas, including in its alveolar portion, is re- 
corded continuously on a capnograph (3), and the results are displayed on an oscilloscope (4). Monitoring the 
rise in PACO2 the operator (5) uses the rotameter (6) to regulate the supply of CO 2 from the cylinder (7) into 
the breating tube so that this increase corresponds exactly to the program indicated by a special line on the 
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Fig.  1. B l o c k - d i a g r a m  of appara tus  
for  control l ing PACO2 in accordance  
with ass igned  p r o g r a m .  Explanation 
in text .  
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Fig.  2. Dependence of pu lmonary  venti lat ion in 
man  on PACO2 in t e s t s  by r eb rea th ing  method 
(two t e s t s ,  indicated by empty and f i l led c i r c l e s  
respec t ive ly )  and by the control  a lveo l a r  h y p e r -  
capnia  method (also two t e s t s ,  indicated by 
empty and f i l led t r i ang les ) .  Absc i s sa ,  par t ia l  
p r e s s u r e  of CO 2 in a lveo l a r  gas  (in m m  Hg); 
ordinate ,  vo lume of pu lmonary  vent i la t ion (in 
l i t e r s / r a in ) .  

o sc i l lo scope  sc reen ,  with which the beam showing the  m o m e n t a r y  value of pACO 2 mus t  coincide. Horizontal  
d i sp lacement  of  the beam is so designed that  i t  p a s s e s  f r o m  beginning to end of  this  l ine in a t i m e  equal to the 
du ra t ion  of the tes t .  

The  p r o g r a m  envisages  a s teady i n c r e a s e  with t ime  in the value of pACO 2 f r o m i t s  initial level  of 50 m m  
Hg, at  which it  is se t  beforehand,  to 63 m m  Hg in 2.5 rain. Within th is  range,  the  dependence of venti lat ion 
on the  hypercapnic  s t imulus  is suff icient ly l inear .  The  lower  l imi t  of this  r ange  a lso  l ies  definitely above 
pCO 2 of mixed  venous blood of a p e r s o n  p e r f o r m i n g  submaxtmal  m u s c u l a r  work,  o the rwise  the method would 
b e unsui table  during in tens ive  phys ica l  exer t ion.  

The  c o m p a r a t i v e  inves t igat ions  c a r r i e d  out showed comple te  a g r e e m e n t  between r e su l t s  obtained at r e s t  
by R e a d ' s  r eb rea th ing  method and by the method of cont ro l led  a lveo l a r  hypercapnia .  The d i f fe rences  between 
the  co r respond ing  cu rves  of vent i la t ion as  a function of pACO 2 (Fig. 2) were  not s ta t i s t i ca l ly  signif icant .  

T h e  method desc r ibed  above gave  sa t i s f ac to r i ly  r ep roduc ib le  r e su l t s .  It was used  by the  w r i t e r s  to 
a s s e s s  human r e s p i r a t o r y  r e s p o n s e s  to hypercapnia  during exposure  to va r ious  m u s c u l a r  loads,  to changes 
in the  r e s i s t a n c e  to the  gas  flow in the a i r  p a s s a g e s ,  and so on. In p r inc ip le  it  can be used  to inves t iga te  
vent i la tory  sens i t iv i ty  not only of man,  but a lso  of  an imals ,  to CO 2. 

lu  

2. 

L I T E R A T U R E  C I T E D  

D. J .  C. Read,  Aus t .  Ann. Med.,  16, 20 (1966). 
A. S. Rebuck,  Chest ,  70, 118 (1976). 


