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Investigations on dogs have shown that an artificial circulation with a volume velocity of 80-i00 ml/~g 
body weigh~min, produced by the heart - lung apparatus, even without artificial respiration and cardiac 
massage can permanently restore the vital functions of animals whose circulation was completely arrested 
as a result of lethal electric shock for a period of 10-12 rain under superficial omnopon-nembutal anesthe- 
sia. With an increase in the duration of circlflatory arrest to a mean value of 15.3~-0.6 rain, the rate of 
restoration of functions is slowed, and the outcome of resuscitation considerably worsened. 

The artificial circulation using an apparatus of the hea r t -  lung type is a promising method of resus- 
citation [2-6, 9]. 

The main purpose of most investigations using the artificial circulation for resuscitation has been to 
study the possibility of resuscitating animals after death from various causes and to determine the maxi- 
mal duration of clinical death [1, 3, 7, 8, 10, 11]. 

In some cases it has been found that dogs can be resuscitated with permanent restoration of their 
functions after long periods of clinical death. However, the great scatter in the periods of clinical death 
and the use of different types of artificial circulation during resuscitation have complicated the systematic 
analysis of the results. 

At V. A. Negovskii, s suggestion and in order to make a detailed examination of the effect of duration 
of complete circulatory arrest on restoration of bodily functions, the present investigation was imdertaken 
in which the animals were resuscitated by means of a heart - lung apparatus, with a specified and constant 
volume velocity of the artificial circulation. 

EXPERIMENTAL METHOD 

Altoge ther  18 expe r imen t s  were  p e r f o r m e d  on adult  dogs weighing f rom 6 to 16 kg. Under omnopon-  
nembutal  anes thes i a  (omnopon 8 rag, nembutal  10 mg/kg  body weight), a ca the t e r  was introduced through 
the r i g h t  jugular  vein into the o r i f i ce  of the venae cavae in o r d e r  to a s p i r a t e  blood into the hear t  - lung a p -  
para tus ,  and a cannula was i n se r t ed  into the cen t ra l  end of the r ight  common ca ro t id  a r t e r y  for inject ing 
the blood. To p reven t  the blood f rom clott ing,  hepar in  , 'Richter, ,  (300 i.u./kg) was in jec ted  into the an ima l s .  
C i r c u l a t o r y  a r r e s t  was produced  in the an ima l s  by e l ec t r i c  shock, caus ing  the hea r t  to f ib r i l l a te .  F o r  this  
purpose  an a l t e rna t ing  c u r r e n t  (50 Hz, 127 V) was appl ied for 3 see to the animal ,  s fo re l imbs  through e l e c -  
t rodes  implanted  beneath the skin.  Resusc i t a t ion  was c a r r i e d  out with the h e a r t  - lung appa ra tus  equipped 
with type ISL-2 venous and arterial roller pumps and a type AIK-RP64 foam-film oxygenator. The appar- 
atus was filled with 900-1000 ml heparinized donor, s blood obtained from large dogs anesthetized with 
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Fig. I. Changes in respiration, arterial pressure, and ECG 

during death from lethal electric shock and resuscitation by 
means of an artificial circulation 12 rain 30 sec after circula- 

tory arrest, i) Respiration; 2) arterial pressure; 3) ECG; 

4) time marker (5 sec). 

omnopon and nembu ta l .  In the e x p e r i m e n t s  of group 1 the a r t i f i c i a l  c i r c u l a t i o n  with p e r f u s i o n  fluid heated 
to 30-32 ~ was  begun 10 min  a f t e r  e l ec t r i c  shock, in those of group 2 a f t e r  11.4-12.5 rain, and in those of 
group 3 a f t e r  14.5-18 min .  

Oxygenation of the blood was  c a r r i e d  out, checked by con t inuous - f low oxymet ry ,  unt i l  the oxygenat ion  
s a t u r a t i o n  of the hemoglob in  was  94-96%. 

Af t e r  a m e a n  per iod  of 10 rain f rom the beg inn ing  of r e s u s c i t a t i o n ,  f i b r i l l a t i o n  of the h e a r t  was 
stopped by a 3000 V d i s c h a r g e  f r o m  a pu lse  de f ib r i l l a t o r ,  and the c i r c u l a t i o n  cont inued  to be a s s i s t e d  unt i l  
the a r t e r i a l  and venous  p r e s s u r e s  b e c a m e  s t ab i l i zed .  

The a r t e r i a l  p r e s s u r e  in the lef t  f emor a l  a r t e r y ,  venous  p r e s s u r e  in the i n f e r i o r  vena  cava,  p n e u m o -  
g ram,  ECG, and r e c t a l  t e m p e r a t u r e  w e r e  r e c o r d e d  dur ing  the e x p e r i m e n t s .  O b s e r v a t i o n s  were  kept  on 
changes  in the pup i l l a ry  and c o r n e a i  r e f l e x e s  and on the subsequen t  r e s t o r a t i o n  of n o r m a l  func t ions .  

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

During the period of preparation for the experiment, lasting 2-2.5 h, the body temperature of the ani- 
mals fell under the influence of anesthesia on the average from 38.5~0.2 ~ in the initial state to 35.8• ~ 
before electric shock (P < 0.001). By this time the anesthesia had become s.uperficial. The animals re- 

sponded to noeieeptive stimulation by changes in the frequency and depth of respiration, and changes in the 
pulse rate and arterial pressure. 
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TABLE 1. T i m e s  of R e c o v e r y  of P r i n c i p a l  Vi ta l  F u n c t i o n s  in Dogs 
R e s u s c i t a t e d  by E x t r a c o r p o r e a l  A r t i f i c i a l  C i r c u l a t i o n  a f t e r  Card iac  
A r r e s t  for Di f fe ren t  P e r i o d s  

~o 
�9 

Fime of recovery from be- : 
"6 ~ ~ ~inning of resmcitation (in mini 

~ |  0 ~ 0 ~ 0 

1st 
2nd 

3rd 

M_+m 
M_+ m 

P~ 
6 M_+m 

P2 

10,0 
12,2• 
<0,001 

15,3_+ 0,6 
<0,001 

3,6_+1,2 8,6_+1,0 13,7--+1,2 
4,7_+0,3 10,9• 20,2+0,6 

<0,5 <0,1 <0,001 
6,4• 11,9_+L0 25,3_+2,5 

<0,1 < 0,05 < 0,002 

87,5_+ 7,4 
80,2_+ 6,7 

80,5_+ 7,8 

21,t_+0,5 
21,2_+ 1,3 

30,2_+ 6,8 

Legend.  P O L e v e l  of s ign i f i cance  of d i f f e rence  be tween  r e s u l t s  of f i r s t  
and second groups  of e x p e r i m e n t s ;  P2) level  of s ign i f i cance  of d i f fe rence  
be tween  r e s u l t s  of f i r s t  and th i rd  g roups  of e x p e r i m e n t s .  

Passage of the current through the region of the heart caused ventricular fibrillation to develop, with 

a sharp fall of arterial pressure. The terminal process followed the same pattern in all animals (Fig. I). 

By the end of the first minute after electric shock, the animals, corneal reflexes disappeared, followed by 

the pupillary reflexes at the end of the second minute, and respiration stopped on the average after 
3.2• rain. 

Connection of the heart - lung apparatus restored the circulation in the resuscitated animals, and as 

a result the functions extinguished during the terminal process began to recover (Fig. I). The appearance 

of respiratory movements in the animals was followed by restoration of the pupillary and corneal reflexes. 

It is clear from Table I that this order of recovery was preserved in all groups. However, with an increase 

in the duration of circulatory arrest, the rate of recovery of functions was slowed. Whereas in the animals 

of group 2, compared with those of group i, there was only a tendency for recovery of the pupillary re- 

flexes to be retarded, while the corneal reflexes were restored at significantly later periods, in the animals 

of group 3 the recovery of respiration showed merely a tendency to be delayed, while recovery of the pu- 

pillary and corneal reflexes took place at significantly later times. 

The venous pressure was regulated during the artificial circulation by changing the output of the ven- 
ous pump, and it was maintained between 50 and 90 mm water. 

After 8-10 rain of artificial circulation the amplitude of the fibrillatory waves on the ECG of all ani- 
mals was increased to 1.5 mV and their frequency to 10-12/sec, after which a single discharge of the de- 
fibrillator was sufficient to restore cardiac activity, confirming the presence of an effective blood supply 
to the heart. 

A special feature of the animals in the experiments of group 3 was the presence of marked disturb- 

ances of atrio-ventricular and intraventricular conduction, and of polytopic extrasystoles. In one experi- 

ment defibrillation had to be repeated to restore cardiac aetivity, and in four experiments the duration of 

assistance with the artificial circulation had to be prolonged because of a fall of arterial pressure and an 

increase in venous pressure on disconnecting the heart - lung apparatus on the animals after the same 
time intervals as for the animals in the experiments of groups 1 and 2. 

The duration of circulatory arrest was also reflected in the outcome of resuscitation. Of the six 
animals in the experiments of group I, permanent recovery of functions took place in 5, compared with 

four animals in group 2 and one animal in group 3. The outcome of resuseitation of the animals in group 1 
dif fered  s ign i f i can t ly  f r o m  tha t  of the a n i m a l s  in group  3 (P < 0.05). 

One fac tor  which ev ident ly  exe r t ed  a pos i t ive  in f luence  on the ou tcome  of r e s u s c i t a t i o n  was  the low-  
e r i ng  of the body t e m p e r a t u r e  du r ing  c i r c u l a t o r y  a r r e s t  and subsequen t  a r t i f i c i a l  c i r c u l a t i o n  on the a v e r -  
age to 32.9•  ~ . 
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These exper iments  thus showed that an ar t i f ic ia l  c i rcula t ion with a volume veloci ty of 80-100 ml /  
kg/min ,  produced by a hea r t  - lung apparatus ,  is an effective method of resusc i ta t ion  and enables p e r m a n -  
ent r e c o v e r y  of the vital functions to be obtained, without the use of ar t i f ic ia l  r e sp i ra t ion  or card iac  m a s -  
sage, in dogs subjected to comple te  c i r cu la to ry  a r r e s t  as a r e su l t  of lethal  e lec t r ic  shock for  a per iod of 
10-12 rain under superf ic ia l  omnopon-nembutal  anes thes ia .  With an i nc rea se  in the duration of c i r cu la to ry  
a r r e s t  on the ave rage  to 15.3:~0.6 rain the ra te  of r e cove ry  of the vital functions was r e t a rded  and the out-  
come of resusc i ta t ion  cons iderably  worsened.  
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