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Electrical stimulation of the spinal cord and medulla in the initial period of resuscitation after clini- 

cal death lasting 6 rain led to a more rapid recovery of spontaneous respiration and increased the number 

of surviving experimental dogs compared with controls. 

Ear l i e r  labora tory  investigations [1] showed that the sooner  the introduction of a ir  into the lungs for 
resusci ta t ion  purposes begins the more  rapidly spontaneous respi ra t ion is r e s to red  after  cl inical  death. 
Ea r l i e r  r ecove ry  of function of the r e sp i r a to ry  center  in turn leads to a more  rapid and complete r ecove ry  
of the functions of other  parts  of the centra l  nervous sys tem,  including the ce reb ra l  cortex,  thus ensuring 
a favorable prognosis for resusci ta t ion.  

In 1947, L. Ya. Shostak [2] showed that Leduc cur ren ts  (short  pulses of direct  current)  can be used 
to excite the cent ra l  nervous sys tem when in a state of profound inhibition during general  anesthesia.  

Even in clinical death some nervous reflexes between the internal organs still  pers is t .  This is shown, 
in par t icular ,  by the disturbance of the rhythm of b ioe lec t r ica l  potentials of the a r res t ed  heart  on int ro-  
duction of an incubation tube into the t rachea  for ca r ry ing  out art if icial  respirat ion.  

In this investigation the possibili ty of quickening the r ecove ry  of function of the r e sp i r a to ry  centers  
after  cl inical  death by e lec t r ica l  st imulation of the medulla and spinal cord  was studied. 

EXPERIMENTAL METHOD 

Experiments were  ca r r i ed  out on 11 dogs in which clinical death was produced by acute blood loss 
and lasted about 6 rain. Subsequent resusci ta t ion was ca r r i ed  out by centr ipetal  injection of blood with 
adrenalin and glucose in t raar te r ia l ly  and by ar t i f ic ial  respi ra t ion using a breathing apparatus pumping a i r  
into the lungs under positive p ressure .  Elect r ica l  st imulation was applied to the animal 30-50 see after 
the hear t  had s ta r ted  to work independently, using an interrupted direct  cur ren t  (100 p u l s e s / s e e ,  off-duty 
factor  1 : 10). Needle electrodes were inser ted beneath the skin: the positive in the region of the occiput 
and the negative in the dorsa l  region at the level of the lower thoracic  ver tebrae .  The cur ren t  was applied 
for 1 sec and this was repeated at intervals  of 30 sec.  The total number  of stimuli  var ied f rom 3 to 10 de-  
pending on the rate  of r ecove ry  of spontaneous respi ra t ion  by the experimental  animals.  The strength of 
st imulation was determined f rom the appearance of contract ions of the neck and tongue muscles  (usually 
12-15 V). 

Besides the 11 experimental  dogs, observat ions were made on the rate  of r ecove ry  of respi ra t ion and 
survival  af ter  cl inical  death in 20 other dogs which served as controls .  

EXPERIMENTAL RESULTS AND DISCUSSION 

The period from the beginning of resuscitation until the appearance of the first inspiration in the dogs 

of the control groups varied from 3 to 9 min after blood loss and death lasting 5-17 rain (the bottom row in 

Labora tory  of Experimental  Physiology of Resuscitat ion,  Academy of Medical Sciences of the USSR, 
Moscow (Presented by Active Member of the Academy of Medical Sciences of the USSR N. A. Fedorov). 
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1968. Original ar t ic le  submitted February  26, 1968. 
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D u r a t i o n  of p e r i o d s  b e f o r e  r e c o v e r y  of r e s p i r a -  

t ion  (It and of c l i n i c a l  dea th  (II) in e x p e r i m e n t a l  (at and 
c o n t r o l  (b) dogs .  Shaded  s q u a r e s  r e p r e s e n t  dying  a n i -  
m a l s .  S e r i a l  n u m b e r s  of dogs  a r e  in o r d e r  of r e l a t i v e  
d u r a t i o n  of p e r i o d  of r e c o v e r y  of r e s p i r a t i o n .  H o r i z o n -  
t a l  a x i s ,  t i m e  (in min t .  

F ig .  1, I and Hr. No s t r i c t  r e l a t i o n s h i p  b e t w e e n  the t i m e  of a p p e a r a n c e  of r e s p i r a t i o n  and the d u r a t i o n  of 
c l i n i c a l  d e a t h  was  o b s e r v e d .  In s o m e  dogs (Nos .  2 and 3), a f t e r  a s h o r t  p e r i o d  of dea th ,  r e s p i r a t i o n  was  
not  r e s t o r e d  unt i l  l a t e ,  whi le  in o t h e r s  (Nos.  13, 17, 19), a f t e r  a long p e r i o d  of c l i n i c a l  dea th ,  i t  was  r e s -  
t o r e d  r e l a t i v e l y  e a r l y ~  

In the  dogs of the  e x p e r i m e n t a l  g roup ,  wi th  a p p r o x i m a t e l y  the  s a m e  d u r a t i o n  of  b lood  l o s s  and c l i n i -  
c a l  dea th  (6-17 mint  c e r t a i n s i g n i f i c a n t  d i f f e r e n c e s  f r o m  the c o n t r o l  a n i m a l s  w e r e  o b s e r v e d  as  r e g a r d s  bo th  
the  t i m e s  of a p p e a r a n c e  of r e s p i r a t i o n  and t h e i r  p a t t e r n .  T h e s e  t i m e s  w e r e  s h o r t e r  (2-5 mint  and d id  not  
show such  l a r g e  d e v i a t i o n s  f r o m  the m e a n  va lue  as  in the  dogs of the  c o n t r o l  g roup .  A m o r e  d i s t i n c t  d e -  
pendence  of the  t i m e  of a p p e a r a n c e  of r e s p i r a t i o n  on the  d u r a t i o n  of c l i n i c a l  d e a t h  was  a l s o  a p p a r e n t ,  as  
can  be  s e e n  by  the  f ac t  t ha t  the  p o s i t i o n  of the  i nd iv idua l  e x p e r i m e n t a l  dogs  on the  d i a g r a m s  in F ig .  1 (I 
and II) c o i n c i d e s  wi th  t h e i r  n u m e r i c a l  o r d e r .  

In the c o n t r o l  g roup  of dogs in which  the r e l a t i o n s h i p  b e t w e e n  the t i m e  of a p p e a r a n c e  of r e s p i r a t i o n  
and the  d u r a t i o n  of  c l i n i c a l  dea th  was  i l l - de f ined ,  the  i nd iv idua l  a r r a n g e m e n t  of the  dogs on the  d i a g r a m  
( c o m p a r e  I and II) is  n e a r l y  chao t i c  in c h a r a c t e r .  

Of the  20 c o n t r o l  dogs ,  11 (the s h a d e d  s q u a r e s  on the d i a g r a m )  d ied  in  the  f i r s t  two days  a f t e r  the  
e x p e r i m e n t .  Dea th  of the  a n i m a l s  b o r e  s o m e  r e l a t i o n s h i p  to the  d u r a t i o n  of c l i n i c a l  dea th  and t i m e  t aken  
fo r  r e s p i r a t i o n  to r e c o v e r .  Only  2 of the  9 e x p e r i m e n t a l  dogs  d i ed  (P < 0.01). S ince  the  d u r a t i o n  of b lood  
l o s s  and c l i n i c a l  dea th  in the  dogs of the two g roups  w e r e  the  s a m e ,  the  d i f f e r e n c e s  o b s e r v e d  can  be  a t -  
t r i b u t e d  e n t i r e l y  to e l e c t r i c a l  s t i m u l a t i o n  in the  e a r l y  s t a g e  of r e s u s c i t a t i o n  of the  e x p e r i m e n t a l  dogs .  

In the  a n a l y s i s  of the  p o s s i b l e  m e c h a n i s m s  by  wh ich  e l e c t r i c a l  s t i m u l a t i o n  i n f luences  the  r a t e  of 
r e c o v e r y  of func t ions  of the  r e s p i r a t o r y  c e n t e r ,  an i m p o r t a n t  f ac t  is  tha t ,  as  w e l l  as  the  m o r e  r a p i d  a p -  
p e a r a n c e  of r e s p i r a t i o n  in the  e x p e r i m e n t a l  a n i m a l s ,  th i s  p e r i o d  a l s o  b o r e  a m o r e  p r e c i s e  r e l a t i o n s h i p  
to the  d u r a t i o n  of b lood  l o s s  and i t s  d e v i a t i o n s  f r o m  the m e a n  v a l u e s  w e r e  s m a l l e r .  Th i s  m a y  be  e x p l a i n e d  
as  fo l l ows .  
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The t ime for r ecove ry  of respi ra t ion af ter  cl inical  death is determined mainly by the degree of an-  
oxia, because the longer the blood loss the g rea te r  the t ime taken to abolish the anoxia. However, an ex- 
planation must  be found for the considerable  variabi l i ty  frequently observed in the t ime of appearance of 
respi ra t ion  af ter  blood losses of equal duration. It may be postulated that the removal  of anoxia by i t -  
self  does not cause the r ecove ry  of resp i ra t ion  but mere ly  provides suitable conditions for r ecove ry  to 
take place. 

Tr igger ing  of the r e sp i r a to ry  center  af ter  clinical death evidently requires  additional influences and 
it is thus apparently accidental  in cha rac te r .  Elec t r ica l  st imulation in this case  facilitates ea r l ie r  t r i g g e r -  
ing, and by abolishing the role of chance in this p rocess  reveals  its relationship to the degree of anoxia 
(i.e., to the duration of blood loss and cl inical  death) more  c lear ly .  

While e lec t r ica l  st imulation undoubtedly influences the rate of r ecove ry  of respira t ion,  the appear -  
ance of the f i r s t  breaths never theless  did not coincide with the moment  of stimulation. The absence of 
any direct  relat ionship between them suggests  that the role of e lec t r ica l  st imulation is not one of di rect  
excitation of activity of the r e sp i r a to ry  center ,  but one of c lear ing  the paths and de-inhibiting the block to 
conduction. When this has been done, the hitherto latent activity of the r e sp i r a to ry  center  s ta r t s  to be 
manifested in its autonomous rhythm, independent of the rhythm of e lect r ical  stimulation, as was observed 
in the experiments  descr ibed above. 
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