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To assess  the effectiveness of the complete art i f icial  circulat ion method as used for r e -  
suscitation, e lect r ical  activity of the r e sp i ra to ry  muscles  was investigated in dogs in which 
the hear t  was a r r e s t ed  for 10 rain by electr ic  shock. The investigation showed that a com-  
plete ar t i f icial  circulation, both with whole blood and with blood diluted with polyglucin or  
rheopolyglucin, can rapidly (within 3-4 min) res to re  the activity of the r e sp i r a to ry  center  
and secure  a re turn to normal ,  stable external respi ra t ion without the use of ar t i f icial  
ventilation of the lungs. 

One c r i te r ion  of the method of resusci ta t ion is the t ime of recovery  of the bulbar centers ,  especial ly 
the r e sp i ra to ry  center  [5]. The object of this investigation was to study e lect r ical  activity of the r e s p i r a -  
to ry  muscles  so as to a ssess  the effectiveness of the method using a complete art if icial  circulation.  

The use of a complete art i f icial  circulat ion in cases  of ventr icular  asystole  or  fibrillation does away 
the need to use art if icial  ventilation of the lungs, because the blood is oxygenated entirely in the ex t ra-  
corporea l  circulation.  In view of the promising nature of this method of resusci ta t ion [1, 3, 4, 6, 9-11] and 
possible limits to the obtaining of large volumes of donors '  blood for flowing the art if icial  circulat ion ap- 
paratus,  in the present  investigation the art if icial  circulation was maintained both with whole blood and with 
blood diluted by plasma expanders.  

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

Altogether 15 experiments were ca r r i ed  out on dogs weighing f rom 6 to 14 kg. Under superficial  
anesthesia  with omnopon and nembutal (8 and 10 mg/kg  respectively),  the right femora l  a r t e ry  was cannu- 
lated for  infusion of blood f rom the art if icial  circulation apparatus (ACA). A catheter  for  withdrawing blood 
into the ACA was introduced through the right jugular vein as far  as the orif ice of the venae cavae.  Cardiac 
a r r e s t  was produced by electr ic  shock, leading to vent r icu lar  fibrillation. Resuscitat ion was car r ied  out by 
means of an art if icial  circulation apparatus with a working filling capacity of 900 ml, using venous and a r -  
te r ia l  ro l le r  pumps and a foam-f i lm oxygenator.  The apparatus was filled with heparinized donors '  blood 
or plasma expanders (polyglucin, rheopolyglucin), so that 30% of the volume in the A C A - r e s u s c i t a t e d  ani-  
mal  sys tem was occupied by plasma expanders.  The art if icial  circulat ion was maintained at a rate of 80- 
100 ml /kg /min .  Before res tora t ion  of cardiac activity, noradrenal in solution (1 : 10,000) was injected at 
the rate of 0 .1ml /kg /min .  Cardiac defibrillation by Gurvich~s method [2] was ca r r i ed  out 10-12 rain af ter  
the beginning of perfusion, and supplementary art if icial  circulation was continued until the a c c e s s o r y m u s c l e s  
of respi ra t ion were excluded from the action of respirat ion,  corresponding to res tora t ion  of the required 

Labora tory  of Experimental  Physiology of Resuscitation, Academy of Medicial Sciences of the USSR, 
Moscow. (Presented by Academician of the Academy of Medical Sciences of the USSR N. A. Fedorov.)  
Translated from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol. 70, No. 9, pp. 13-16, September, 
1970. Original article submitted December 292 1969. 

�9 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

982 



A B 
/, x x ~ P • x 

2 I I I I ~i I I I I l . I  I I I I r r L i  I I ~ J _ _  ~ . . _ . ~ - I  I I I _ ~  I I I I I A ~  I I i 

x ~ X X x 

4 - 5 t h  ra in  7-Sth rain z 

c D 

/ 2  ' I " 13 
( I  I I I  I I I L ~ L I ' I  I I I r i [!, ~ i i i i l l  ~_L_II I I I I I n__f i I I 1~ r l  I I I - -  

JiJ.o 

x x 
x Ii-12~ mh] 12-13[h rain 

E F G 

19 2 #  

_ i ~  I I T I I [ i - J _  I I I I rl i 

I j ' i I I I  r , 

~' ~ . ~ , ~ . 

x x x x x • x ~. 

19th rain 23rd rain 29th rain 

Fig. I. Dynamics of electrical activity in inspiratory, expira- 

tory, and accessory respiratory muscles in dog during resusci- 

tation after sudden cardiac arrest for I0 rain. From top to bot- 

tom, in all sections of curves (A-G): 1) pneumogram (arrow in- 

dicates time of defibrillation of heart); 2) time marker 5 see, 

numbers denote time (in rain) from beginning of resuscitation; 3) 

EMG of external intercostal muscle (ECG superposed on record: 
fibrillary waves before cardiac defibrillation, ECG of working 

heart thereafter); 4) EMG of external oblique abdominal muscle; 

5) EMG of sterne-cephalic muscle. In all sections of curves, 

letter x denotes inspirations on pneumogram to which record on 

EMG corresponds. Scale of amplification 50 #V, time scales 1 

sec. Minutes from beginning of resuscitation marked below seg- 
ments of curves. Remainder of explanation in text. 

values of pulmonary ventilation. The pneumogram, arterial pressure in the femoral artery, and venous 

pressure in the inferior vena eava were recorded on the drum of a kymograph; the EMG of the inspiratory 

(external intercostal), expiratory (external oblique abdominal muscles), and accessory respiratory muscles 

(sterne-cephalic) was recorded on an Alvar-15 electroencephalograph, with time constant 0.03-0.04 see. 

EXPERIMENTAL RESULTS 

All the animals were divided into three groups (5 animals in each group): in group I whole blood 
was used for the artificial circulation, in group 2 blood diluted with polyglucin was used, and in group 3 
blood diluted with rheopolyglucin. 

In the animals of group I, activity of the inspiratory muscles was restored on the average 3.0a: 0.3 

rain from the beginning of resuscitation. Volleys were recorded on the EMG in the phase of inspiration in 

the inspiratory and accessory respiratory muscles (Fig. 1A). The original electrical activity in the ex- 
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pira tory  muscles ,  in the form of short volleys (0.2-0.3 sec) at the very  beinning of inspiration, was r e -  
s tored 6.6 • 2.8 rain after  the beginning of perfusion (Fig. 1B). As normal  respira t ion was res tored,  act iv-  
ity appeared in the expiratory muscles  at the end of the r e sp i ra to ry  pause, which gradually became "shifted" 
toward the preceding inspiration, occupying the whole period of expiration and of the r e sp i r a to ry  pause 
(Fig. 1C, E), and active expiration was res tored  after  17.2 • 1.0 rain. Normal  respi ra t ion on the pneumogram 
was res tored  at this same t ime. The amplitude of fluctuations of e lect r ical  activity in the acces so ry  r e sp i r a -  
to ry  muscles  gradual ly  diminished, and after an average of 22.2 * 2.1 rain, potentials in these muscles  d is -  
appeared (Fig. 1E-G); the s t ruc ture  of the r e sp i ra to ry  act, i.e.,  the relationships between activity of the 
various groups of r e sp i ra to ry  muscles ,  returned to its original state. 

In animals resusci ta ted with blood diluted with polyglucin (group 2), the t imes for  r ecove ry  of act iv-  
ity in the inspira tory muscles ,  of initial activity in the expiratory muscles ,  and of active expiration (3.5 �9 0.3, 
8.2 ~=0.8, and 19.2 • 0.4 min, respectively) were indistinguishable f rom the recovery  t imes of these indices 
in the animals of group 1. However, respi ra t ion as reflected by the pneumogram was res tored  to normal  
ra ther  later  in these animals,  and after  the acces so ry  r e sp i r a to ry  muscles  had been excluded from par t ic ipa-  
tion in respirat ion (after 28.6 ~4.5 rain). 

In the animals of group 3, resusci ta ted with blood diluted with rheopolyglucin, the t imes of r ecovery  
of the investigated indices of activity of the r e sp i r a to ry  center  were not appreciably different f rom those 
in the animals of group 2o 

Hence, complete art if icial  circulat ion,  bothwith whole blood and with blood diluted with p lasma ex- 
panders,  rapidly (within the f i rs t  3-4 min after  the beginning of perfusion) res to res  the activity of the 
r e sp i ra to ry  center  af ter  sudden c i rcula tory  a r r e s t  lasting 10 rain, and without the use of art if icial  r e s p i r a -  
tion. The subsequent use of a supplementary art i f icial  circulat ion after  cardiac defibrillation helped to r e -  
s tore  the normal  s t ructure  of the resp i ra to ry  act still fur ther  during the f i rs t  30 rain af ter  the beginning of 
resusci tat ion.  

Previous investigations [7, 8] showed that in vagotomized animals surviving clinical death f rom acute 
blood loss for 5 rain and resusci ta ted by a combined method ( in t ra -ar te r ia l  infusion of the lost blood com-  
bined with art if icial  respirat ion,  during which air  was pumped into the lungs), respi ra t ion was res tored  at 
the same t imes as in dogs with intact vagus nerves .  It was postulated on the basis  of these results  that the 
H e r i n g - B r e u e r  reflexes do not play a decisive role in the appearmme of the f i rs t  inspiration, and that the 
leading role in res tora t ion  of activity of the r e sp i r a to ry  center  af ter  clinical death is played by the r e sump-  
tion of an adequate circulat ion of blood to the medulla.  The results  of the present  investigation confirmed 
this hypothesis,  for  with the use of the complete art if icial  circulation as a method of resusci tat ion,  activity 
of the r e sp i ra to ry  center  of the experimental  animals was res tored  during the f i rs t  3-4 rain from the be-  
ginning of perfusion, despite the fact that no art if icial  respira t ion was used during resusci tat ion.  
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