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In o rde r  to study the ro le  of af ferenta t ion f r o m  the lungs in the percept ion  of r e s p i r a t o r y  
fa i lure  expe r imen t s  were  c a r r i e d  out on cats  to examine the effect  of b i l a t e ra l  vagotomy on 
hypervent i la t ion  apnea.  Vagotomy in cats  was found to inc rease  the threshold  of sensi t iv i ty  
of the r e s p i r a t o r y  cen te r  to CO 2. The effect  of vagotomy, however,  was  not due to the abo-  
lit ion of a f ferent  impulses  f r o m  the lungs, but to the hypocapnia a r i s ing  in vagotomized  ani-  
ma l s  as the r e su l t  of an i nc rea se  in the i r  a lveo la r  venti lat ion.  An ana lys i s  of the l i t e ra tu re  
conf i rms  this hypothes is .  

Guz et al.  [6, 8, 15] have shown that blocking the vagus ne rve s  in man p reven t s  the percep t ion  of r e -  
sp i r a to ry  fa i lure  during voluntary apnea.  This has accentuated in t e re s t  in the p r o b l e m  of the effect  of 
blocking the vagus ne rves  on sensi t iv i ty  of the r e s p i r a t o r y  center  to CO 2. However,  the p rob l em r e m a i n s  
unsolved.  Invest igat ions have yielded conflicting r e su l t s .  Some w o r k e r s  have found that  the venti lat ion 
r e sponse  to CO 2 is i nc rea sed  a f t e r  vagotomy, o thers  that it is  d e c r e a s e d  [2, 7, 9, 11, 16, 17, 20]. 

Since the effect  of CO 2 inhalation under  no rma l  conditions depends on the pe rcen tage  of CO 2 in the 
insp i red  a i r ,  the phenomenon of hypervent i la t ion apnea was used as a means  of de te rmin ing  the threshold  
sensi t iv i ty  of the r e s p i r a t o r y  center  to CO 2. 

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

Five cats  weighing 2.5-3.7 kg w e r e  anes the t ized  with pentobarbi ta l  (35-40 mg/kg ,  in t raper i tonea l ly) .  
T racheo tomy was p e r f o r m e d  and the vagus ne rves  were  divided in the neck.  The blood p r e s s u r e  was r e -  
corded in the caro t id  a r t e r y  by means  of an e l e c t r o m a n o m e t e r  (Barovar) .  Activity of the d iaphragm was 
r eco rded  on an e l ec t rom yograph  (Disa Elect ronic) .  Ventilation of the lungs was m e a s u r e d  by means  of a 
wa te r  s p i r o m e t e r  with two-way valve.  Blood samples  were  taken per iodica l ly  f r o m  the f e m o r a l  a r t e r y  
through prev ious ly  in t roduced cannulas,  and thepH andPaCO 2 were  de te rminedwi th  the m i c r o - A s t r u p  appara tus .  
Hypoventilation was c a r r i e d  out for  2-3 min  until spontaneous act ivi ty  of the d iaphragm had ceased .  The 
mean  of the values  obtained in two pa i r s  of th is  s e r i e s  before  and a f te r  vagotomy was ca l cu la t ed  for  each 
exper iment .  The probabi l i ty  of the null hypothesis  (P) was calculated by the method of compar ing  pa i r s  
(before and a f t e r  vagotomy).  

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

It is c l ea r  f r o m  the r e s u l t s  given in Table 1 that a f te r  vagotomy the r e sp i r a t i on  ra te  fel l  and the r e -  
sp i r a to ry  movements  became  cons iderably  deeper .  The minute venti lat ion was unclmnged. Slight a lka los is  
developed.  These  observa t ions  show that vagotomy in cats  causes  an inc rease  in the a lveo la r  venti lat ion.  
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TABLE 1. Effect of Vagotomy on Ventilation of the Lungs and CO 2 
Tension in the Ar ter ia l  Blood (M 4- m) 

Before After 
Indices studied 'vagotomy' vagotomy P 

Minute ventilation (in ml) 
Respiration rate (per minute) 
pH of arterial blood during spontaneous breathing 
PaCO z during spontaneous breathing (in mm Hg) 
pH of arterial blood at time of cessation of 

phasic impulses 
PaCO z at time of cessation of phase impulses 
(in mm Hg) 

pH of arterial blood at time of first inspirations 
after apnea, 

PaCO~_ at time of first inspirations after 
apnea (in mm Hg) 

Duration of posthyperventilation apnea (in sec) 

460__+14,0 
22~1,8 

7,276• 
35,2~+1,04 

7,418+~0,01 

26,2__+0,61 

7,314• 

37,1~1,00 

45• 

460~15,7 
12__+1,1 

?,332• 
29,6• 

7,452• 

19,9• 

7,330• 

30,4~0,43 

26~3,8 

~0,5 
<o,o1 
<o,oi 
<o,oi 

<0,05 

d0,01 

dO,02 

<o,ol. 

<o,o~ 

The vagotomized cats were subjected to hyperventilation f rom 30 mill to 1 h af ter  the operation.  
Phasic  volleys f rom the diaphragm ceased when paCO 2 was 19.9 mm Hg (26.2 mm Hg in the intact animals) 
and atpH 7.45 (at pH 7.42 in the intact animals).  Meanwhile continuous tonic activity continued to be r e -  
corded m some exper iments .  The f i rs t  volleys of phasic activity after  apnea occur red  when PaCO~ was 
30.4 mm Hg and at pH 7.33. 

As these resu l t s  show vagotomy increased the sensit ivity of the r e sp i r a to ry  center  to CO 2. The de-  
velopment of apnea necess i ta ted  hyperventilation of the animals to a lower CO2 tension. In some exper i -  
ments even at this level of the CO 2 tension only the phasic  activity of the diaphragm disappeared and the 
tonic activity remained.  The f i rs t  inspirat ions af ter  apnea in the vagotomized animals began at a lower 
CO 2 tension. 

These resul ts ,  indicating increased  sensitivity of the r e sp i r a to ry  center  to CO 2 in the vagotomized 
animals,  are in harmony with the widely held view that under normal  conditions the Her ing-Breuer  inhibitory 
reflex not only l imits  the insp i ra tory  activity of the r e sp i r a to ry  center,  but also has a tonic inhibitory effect 
on its sensitivity to CO 2 [19]. 

It is important ,  however,  to note that vagotomy itself in cats lowers the CO 2 tension of the a r t e r i a l  
blood. Against the background of hypocapnia the sensit ivity of the r e sp i ra to ry  center  to CO 2 is increased 
[1, 12, 13]. The effect of vagotomy cannot therefore  be due to blocking of the effect of the pulmonary af fer -  
entation on the r e sp i r a to ry  center,  but may be due to the changes in resp i ra t ion  produced by the vagotomy 
itself:  an increase  in a lveolar  ventilation, leading to hypocapnia. 

Analysis of the Hterature  conf i rmed this hypothesis.  Those workers  who investigated dogs and cats 
[2, 9, 11, 14, 16] found that vagotomy increases  the sensitivity of the r e sp i r a to ry  center  to CO 2. This con- 
curs  with the fact that in dogs and cats vagotomy increases  the alveolar  ventilation and, consequently, p ro -  
duces hypocapnia. 

In rabbits  the Her ing-Breuer  inhibitory reflex is seen at its s t rongest  [19], and in those animals 
vagotomy should apparently evoke the most  marked increase  in sensit ivity of the r e sp i r a to ry  center  to CO 2. 
Yet in vagotomized rabbits ,  with a higher level of PaCO2, the ventilation responses  to CO 2 are  reduced 
[17, 20]. This cor responds  to the fact that during hypercapnea the excitability of the r e sp i r a to ry  center  to 
CO 2 is reduced [4, 17]. 

Observat ions on man are  par t icu lar ly  interest ing.  In man blocking the vagus nerves  causes a de- 
c rease  in the r e sp i r a to ry  response  to CO2 [7]. This likewise cannot be explained by abolition of the Hering- 
Breuer  inhibitory reflex,  for in man this reflex plays no par t  in eupneic respi ra t ion.  The mechanism of the 
effect of blocking the vagus nerves  in man requires  fur ther  investigation [3, 5, 10]. 
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