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An ext racorporea l  circulation is used nowadays to compensate dis turbances of the hemodynamics 
[10]. Salisbury [9] observed that the acces so ry  circulation, working on the principle of shunting the left 
ventricle,  leads to complete compensation even of severe  c i rcula tory  failure caused by disturbances of the 
coronary  blood flow. 

In the present  investigation a study was made of the oxygen balance of the hear t  and the carbohydrate  
balance and concentration of high-energ~y phosphorus compounds in the mycocard ium after  high ligation of 
the anter ior  descending branch of the left coronary  ar tery ,  followed by shunting of the left ventricle in 
dogs [5]. 

The experiments  were ca r r i ed  out on 74 noninbred dogs weighing 15-25 kg. 

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

The main experiments  were ca r r i ed  out on 25 animals anesthetized with morphine and thiopental and 
maintained on controlled respira t ion with oxygen. The coronary  sinus was catheterized and the volume 
velocity of the blood flow determined by means of an electromagnet ic  relay.  Blood samples were taken 
through the same catheter .  

Samples of a r te r ia l  blood were obtained through a catheter  introduced into the carotid a r te ry .  A 
platinum electrode for  recording the oxygen tension on a polarograph was inser ted into the mycocard ium 
of the an ter ior  wall of the left ventricle in the zone supplied by the descending branch of the left coronary  
a r te ry .  The descending branch of the left coronary  a r t e ry  was isolated in its upper third and ligated. Twenty 
minutes later  the left a tr ium was catheter ized through the oricle by a catheter  8 mm in diameter ,  a can-  
nula was introduced into the left femoral  a r te ry ,  and the NIIEKhAiI art if icial  circulat ion apparatus without 
an oxygenator was connected to it. Shunting of the left ventricle began 30 rain af ter  ligation of the coronary  
a r t e ry  or  sooner  (in cases  of cardiac arres t ) ,  and continued for 30-45 rain. To prevent  the blood from 
clotting heparin was injected. The left ventricle was part ial ly and completely excluded f rom the circulation.  

In blood samples taken at different t imes of the experiment the oxygen concentration was determined 
by Van Slyke' s method, the glucose concentrat ion by the anthrone method, the pyruvate  level by a co lo r ime-  
t r ic  method with salicyl  aldehyde and the lactic concentration by the Barker  - -  Summerson method. In 15 
acute experiments  the heart  was extracted 15 rain after  the end of shunting. In 10 acute experiments,  the 
hear t  was extracted 15 rain af ter  the end of shunting. In 10 chronic experiments,  the operation was con- 
cluded by suturing the chest  wall. These animals were again anesthetized 3 or  24 h after  ligation of the 
a r t e ry  and the hear t  was extracted for  examination. The components of the adenyl system in the par t s  of 
the hear t  muscle  f rom the zone of ischemia and f rom the pos te r io r  wall of the left ventricle were inves-  
tigated by paper chromatography,  the creat ine phosphate was est imated by A. M. Alekseeva ' s  method, and 
glycogen by A. L Shabadash's method [6]. The ATPase  activity of the mycocard ium was determined by 
the method of Wachstein and Meisel [12], and by the calcium method of Padykula and Herman [8]. 
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Fig .  1. Glycogen content (A) and A T P a s e  ac t iv i ty  (B) in mycoca rd ium 
of left  ven t r i c l e .  A: 1) Hear t  of a healthy dog; 2) zone of i s c h e m i a  
30 rain a f te r  l igat ion of the co ronary  a r t e ry ;  3) subep ica rd ia l  a r e a  of 
the zone of i s chemia  60 rain a f t e r  l igat ion of the co rona ry  a r t e r y  and 
subsequent  shunting of the left  ven t r ic le ,  magni f ica t ion  10 x 40. 
B - -  1) Hear t  of a heal thy dog (enzyme act iv i ty  in nuclei ,  m a gn i f i c a -  
tion 10 x 90); 2) hea r t  of a heal thy dog af te r  shunting of left  ven t r ic le  
(mitochondria l  enzyme act ivi ty ,  magni f ica t ion  10 x 40); 3) zone of 
i schemia  60 rain af te r  l igat ion of the co rona ry  a r t e r y  followed by 
shunting of the lef t  ven t r ic le .  
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In 29 control  exper iments ,  the co rona ry  a r t e r y  was l igated at the same 
level  but without shunting of the left  ven t r i c l e .  In 10 exper iments ,  the left  
ven t r ic le  was shunted without l igat ion of the co rona ry  a r t e r y ;  the h e a r t s  of 
10 healthy dogs were  inves t igated.  

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  

After  l igat ion of the co rona ry  a r t e r y  the blood flow in the co rona ry  s i -  
nus fel l  on the average  by 42~c. Despi te  the i n c r e a s e  in the co rona ry  a r t e r i o -  
venous oxygen difference,  the oxygen consumption by the h e a r t  p e r  minute was 
reduced.  The oxygen tens ion in the zone supplied by the l iga ted  a r t e r y  fel l  to 
50 - -  10~c of i ts  in i t ia l  level .  The glucose u t i l iza t ion  f rom the co rona ry  blood 
d iminished and in mos t  exper imen t s  i ts  ba lance  became negat ive .  The p y r u -  
vate and lac ta te  ba lance  l ikewise  became negat ive  (see Table 1). 

During shunting of the left  ven t r i c l e  the co rona ry  blood flow changed to 
a va r i ed  degree .  In 7 expe r imen t s  in which the blood flow d iminished  s ign i f i -  
cant ly  a f te r  l igat ion of the co rona ry  a r t e r y ,  i t  i nc reased .  In the remain ing  8 

exper imen t s  a f te r  l iga t ion of the c o r o n a r y  a r t e r y  the blood flow in the co rona ry  sinus showed only a ve ry  
s l ight  fall .  In these  exper iments ,  the blood flow diminished during shunting of the lef t  ven t r i c l e .  The a c -  
c e s s o r y  c i rcu la t ion  usual ly  led to a d e c r e a s e  in the oxygen consumption by the h e a r t  t i s sues ,  both p e r  m i l -  
l i l i t e r  of blood flowing through the hea r t  and p e r  unit t ime.  The oxygen tension in the zone of i s chemia  in 
these  c i r c u m s t a n c e s  usual ly  i nc r ea sed  slowly (11 exper iments ) ,  on the average  by 35%, while in two e x p e r i -  
ments  it  r ema ined  at  the same  level  and in another  two it  fel l  s l ight ly .  During shunting of the left  ven t r i c l e  
of the healthy dogs the oxygen tension in the mycoca rd ium often rose  above its o r ig ina l  level .  

The u t i l iza t ion  of glucose,  pyruvate ,  and lac ta te  i nc r ea sed  during shunting c a r r i e d  out a f te r  l iga t ion 
of the co rona ry  a r t e r y ,  and the i r  ba lance  once again became pos i t ive  (see Table 1). 
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Fig .  2. Content of ATP in the musc le  of the left  vent r ic le  (in mg ~c phosphorus) .  A - -  
Myocard ium of lef t  ven t r ic le  of healthy dogs; B - -  myoca rd ium of p o s t e r i o r  wall  of 
left  ven t r i c l e  a f t e r  l igat ion of co rona ry  a r t e r y ;  C - -  myoca rd ium of left  ven t r i c l e  of 
heal thy dogs a f t e r  shunting of left  ven t r ic le ;  D - -  myocard ium of a n t e r i o r  wall  of left  
ven t r i c l e  of dogs a f te r  l igat ion of co ronary  a r t e r y  (zone of i schemia) .  1) 10 rain, 2) 30 
rain, 3) 60 rain, 4) 3 h a f t e r  l iga t ion of co rona ry  a r t e r y  in control  exper iments ,  5) 60 
rain, 6) 3 h a f t e r  l igat ion of co rona ry  a r t e r y  and shunting of lef t  ven t r i c l e .  The l ines  
inside the columns denote the mean e r r o r  (m). 

Fig .  3. Content of e rea t ine  phosphate  in musc le  of left ven t r i c l e .  Legend as in Fig .  2. 

The r e su l t s  of the control  expe r imen t s  showed that in the zone of i s chemia  30 rain a f t e r  l igation of 
the co rona ry  a r t e r y  an a r e a  not containing glycogen was constant ly  p resen t ;  this  a r e a  was s m a l l e r  than 
the zone of i schemia .  The effect of the a c c e s s o r y  c i rcu la t ion  was seen f i r s t  in the p a r t  of the myocard ium 
containing glycogen.  Granu la r  f o r m s  of the ca rbohydra t e s  appeared  in this  a r e a  in p r a c t i c a l l y  al l  the myo-  
ca rd i a l  f ibe r s ,  whereas  in the myoca rd ium of the heal thy intact  dogs glycogen was p r e s e n t  only in the s a r -  
coplasm of individual ce l l s  (Fig. 1A). 

Resu l t s  re f lec t ing  the concent ra t ion  of ATP in the myoca rd ium following l igat ion of the co ronary  
a r t e r y  [1-4], shunting of the left  ven t r ic le ,  and l igat ion followed by shunting [5] a r e  given in Fig.  2. In the 
f i r s t  10 rain of i schemia ,  a d e c r e a s e  in the ATP content was observed  in the zone of i s chemia  and the p o s -  
t e r i o r  wall  of the left  ven t r i c l e .  A tendency toward an i n c r e a s e  in the ATP content appea red  30 rain l a t e r  
both in the i schemic  a r e a  and in the a r e a  with a no rma l  blood supply. The ATP in the zone of i schemia  1 
and 3 h a f te r  l igat ion of the a r t e r y  p r o g r e s s i v e l y  d iminished.  In the expe r imen t s  with shunting of the left 
ven t r i c l e  a s t a t i s t i c a l l y  s ignif icant  i n c r e a s e  in the ATP content in the zone of i s chemia  compared  with the 
control  was obse rved  in the expe r imen t s  with something of the left  ven t r i c l e  1 and 3 h a f te r  l igat ion of the 
co rona ry  a r t e r y  (p < 0.01). The ATP content in the p o s t e r i o r  wall  of the left  ven t r ic le  was much higher  
than no rma l .  During shunting of the left  ven t r i c l e  of the healthy dogs the ATP content in the a n t e r i o r  and 
p o s t e r i o r  wal l s  of the left  ven t r i c l e  was much higher  than normal .  S i m i l a r  changes were  found in the CP 
content (Fig. 3), and a lso  in the content of AMP and ADP. 

By means  of h i s tochemica l  methods ,  f rom ce r t a in  f o r m s  of A T P a s e  act ivi ty  of the myoca rd ium in 
the hea r t  of the heal thy dogs, the loca l iza t ion  of act ivi ty  could be detected in the nucleol i  and in the cap i l -  
l a ry  endothel ium. Af ter  l igat ion of the co rona ry  a r t e r y  a d e c r e a s e  in A T P a s e  act ivi ty  was observed,  and 
it d i s a p p e a r e d  comple te ly  a f t e r  24 h. Shunting of the left  ven t r i c l e  led to the appearance  of A T P a s e  ac t iv -  
itY in the mi tochondr ia  (Fig. 1B) throughout the th ickness  of the wall  of the left  vent r ic le ;  in these  c i r c u m -  
s tances  no A T P a s e  ac t iv i ty  was found in the nucleol i .  An i n c r e a s e  in the ATPase  ac t iv i ty  of the mi tochon-  
d r i a  was a lso  obse rved  in the zone of i schemia ,  but the re  it was focal  in c h a r a c t e r  in con t r a s t  to the uni -  
v e r s a l  i n c r e a s e  in the h e a r t  with the n o r m a l  blood supply. 

It may  be concluded f rom these  r e s u l t s  that the energy  me tabo l i sm in the zone of acute m y o c a r d i a l  
i s chemia  is improved  by shunting of the lef t  ven t r i c l e .  
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This may be explained by the decrease  in the contracti le function of the myocardium of the left ven- 
t r ic le  as a resul t  of exclusion of the ventr icle  f rom the circulation and by the improvement of its col lateral  
circulation [5]. V. S Shapot and G. M. P rus s  showed that the ATP requirement  of the hear t  is direct ly 
proport ional  to its functional load [7]. This state of affairs may evidently apply also to the other compo- 
nents of the energy metabolism. If the contracti le power of the muscle of the left ventricle is lowered by 
excluding it f rom the circulation, the energy requirements  of the myocardium may lead to some degree of 
conformity with the reduced blood flow in it. Despite the decrease  in the oxygen consumption during shunt- 
ing, the utilization of pyruvate and lactate was increased,  suggesting depression of the glycolytic p rocesses .  
The increase in ATP resynthes is  evidently took place on account of an increase  in the intensity of oxida- 
tive phosphorylation, for  the r e s e r v e s  of anaerobic resynthesis  of ATP (CP and glycogen) were  not r e -  
duced  while the ATPase  activity of the mitochondria increased.  
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