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Dogs were anesthetized, c i rcula tory  a r r e s t  was produced for 15 min by e lectr ic  shock, and 
the animals were resusc i ta ted  by means of the art if icial  circulat ion apparatus (ACA) or by 
external  cardiac  massage.  A comparat ive  study was made of the ac id-base  balance and gas 
composit ion of the blood, the oxygen demand, and the cardiac output of the two groups of dogs 
during the period of 3 h after  resusci tat ion.  A higher ra te  of survival  and less severe  dis- 
turbance of the ac id-base  balance were found after resusci ta t ion with the ACA. I r respect ive  
of the method used, 2-3 h after  resusci ta t ion the minute volume of the heart  was considerably 
lower than in the ear ly  r ecove ry  period or  in the initial state. 

Various types of ex t racorporea l  circulat ion have been used sussessfu l ly  for experimental  r e susc i t a -  
tion [1, 2, 7, 9, 10]. 

To compare  the effectiveness of this method of resusci ta t ion the acid-base balance and gas composi -  
tion of the blood, cer ta in  indices of the gas exchange and hemodynamics were studied in animals r e s u s c i -  
tated by means of the "heart- lung" apparatus or by external cardiac  massage.  

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

Sixteen dogs were anesthetized (4-8 mg/kg  pantopon, 10 mg/kg  pentobarbital). Circula tory a r r e s t  for 
15 min was induced by electr ic  shock leading to fibrillation of the heart .  The animals were revived by 
means of the AIK-RP-64  art if icial  circulat ion apparatus,  filled with f resh  donor ' s  blood (group 1) or by ex- 
ternal  cardiac massage  [5] in conjunction with art i f icial  ventilation of the lungs (group 2). The duration of 
the art i f icial  circulat ion in group 1 was 27.6 • 2.0 rain. Cardiac activity was res to red  by means of the pulse 
discharge of a defibril lator:  in group 1 after resusci ta t ion  for 7.67• 0.83 rain, in group 2 after r e susc i t a -  
tion for  4.42 • 0.36 rain. The pE, 02 saturat ion,  02 and CO 2 concentrat ions by Van Slike 's  method, were de- 
termined in the a r te r ia l  and mixed venous blood, while the total organic acids were determined in a r te r ia l  
blood and the values of pCO2, actual bicarbonate,  and base deficit were calculated. The expired air was 
analyzed on a gas chromatograph,  and the 02 consumption and CO 2 excret ion in the animal ' s  lungs were de- 
te rmined [6]. The minute volume of the hear t  was calculated by F ick ' s  equation. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Complete recovery of the vital functions on external inspection occurred in five of the nine animals 

of group 1 but only in one of the seven dogs of group 2. The time taken for recovery of respiration and the 
corneal reflexes was the same in the dogs of both groups. 

At the beginning of the r ecovery  period a severe  and uncompensated metabolic acidosis was observed 
in all the animals ,  but it was more  severe  in group 2 throughout the period of investigation. Results showing 
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the increase  in the concentrat ion of organic acids and the pH shift toward acidosis are  given in Table 1. 
The base deficit at the beginning of resusci ta t ion  was increased in group 1 to - 1 6 . 6 i  0.9 meq/ l i t e r  and in 
group 2 to - 2 6 . 2  • 0.7 meq / l i t e r ,  while the bicarbonate  concentrat ion was reduced to 15.5 -~ 0.6 and 9.1 + 0.6 
m m o l e s / l i t e r ,  respect ive ly  (P < 0.001). 

During the next few hours of the r ecovery  period the metabolic components of the acid-base  balance 
showed a tendency to re turn  to normal ,  but in both groups they were significantly above their initial values 
after 3 h. 

The much smal le r  metabolic changes,  especial ly in the ear ly  stages of resusci ta t ion,  after application 
of the ACA are  evidently the resul t  of the part ial  blood replacement  taking place through the use of f resh 
donor ' s  blood for resuscitat ion.  The higher volume velocity of the blood flow in the body crea ted  by the 
ACA within a few minutes of the beginning of resusci ta t ion than during external  cardiac  massage  also con- 
tr ibuted to the bet ter  supply of oxygenated blood to the t issues and the effective removal  of toxic metabolic 
products ,  thus leading to quicker r ecove ry  of oxidative p rocesses .  

Investigation of the r e sp i r a to ry  function of the blood showed that during the art i f icial  circulat ion 
(group 1), just as during application of ar t i f icial  resp i ra t ion  (group 2), the elimination of CO 2 was adequate 
and the degree of 02 saturat ion of the a r te r ia l  blood (92 ~- 0.9%) was sa t i s fac tory ,  and this state of affairs 
continued during the period-of spontaneous cardiac activity and respirat ion.  The dynamics of the CO 2 con- 
centrat ion and pCO 2 in the blood of the animals of both groups ref lects  the gradual development of gaseous 
alkalosis in the r ecove ry  per iods ,  to a more  severe  degree in group 1. 

The percentage of oxyhemoglobin in the venous blood was considerably reduced 2-3 h after r esusc i t a -  
tion in all the animals ,  and the a r t e r i o - v e n o u s  oxygen difference was increased (Table 1). The reason was 
evidently not an increase  in the oxygen demand of the t i ssues ,  but a c i rcu la tory  effect: slowing of the vol- 
ume velocity of the blood flow. An increase  in the cardiac  output was found at the beginning of the r ecove ry  
period,  and it decreased  p rogress ive ly  after  the f i rs t  hour of resusci ta t ion  regard less  of its outcome. The 
a r te r ia l  p r e s s u r e  level did not change significantly, and it differed only slightly f rom initially, indicating 
an increase  in the total per ipheral  vascular  res is tance.  The decrease  in the minute volume of the hear t  in 
the period following resusci ta t ion after clinical death f rom blood loss has been repor ted  previously  [4, 8]. 
Its principal  cause is evidently hypoxic damage to the myocardium,  inhibition of its functions by the action 
of toxic products ,  and the state of the circulat ion in the vascular  sys tem after  hypoxia [3, 11, 12]. 

The role of complications associa ted  with the par t icular  methods of resusci ta t ion used likewise can- 
not be ruled out. 

The use of the "hear t - lung" apparatus for resusci ta t ion  thus par t ly  abolished or neutral ized the meta -  
bolic dis turbances in the ear ly  stages of resusci ta t ion  and improved its final resul ts .  I r respec t ive  of the 
method of resusci ta t ion,  a marked decrease  in the cardiac output was observed 2-3 h after resusci tat ion.  
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