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Experiments  on dogs showed that af ter  ligation of the descending branch of the left coronary  a r t e r y  
compensa tory  hyperfunetion develops principal ly in the basal portions of the myocardium of the left 
ventr icle.  

The p r i m a r y  cause of c i rcu la to ry  distu~:bances in myocardia l  infraction is the exclusion of the i sch-  
emic  port ion of the hear t  muscle  from contract i le  activity. As Kreuzer  and Schoeppe [2] showed recently,  
contract ions of the ischemic a rea  of the myoeardium a lmost  cease within a few minutes af ter  interruption 
of the circulat ion in the co ronary  a r t e ry .  Although, according to data obtained by these workers ,  the con- 
t rac t i le  activity of the affected a rea  of myoeardium is r e s to red  soon after ,  it is obvious that a necrot ic  o r  
c ica t r ized  port ion of the myoeardium must  lose its contract i le  function completely.  Since in mos t  cases  
the hemodynamics is r e s to r ed  in this situation, it has been suggested that an important  factor  in this com-  
pensation must  be an increase  in the contracti le function of undamaged par ts  of the myoeardium [1, 5]. 
However,  hyperfunction of this type has not been studied experimentally.  

In the presen t  investigation the contract i le  function of undamaged portions of the myocardium of the 
left ventr ic le  was studied after  an acute disturbance of the coronary  circulation. 

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

Experiments  were pe r fo rmed  on dogs anesthetized with urethane (1-1.5 g / k g  body weight) with the 
chest  closed and on ar t i f ic ial  respirat ion.  

The index used to descr ibe the contract i le  function of the hear t  muscle  was the in t ramyocardia l  p r e s -  
sure (IMP), recorded  by the method descr ibed by Kreuzer  and Schoeppe [3]. The principle underlying this 
method is measuremen t  of the p r e s s u r e  in a hollow needle, filled with physiological saline and f i rmly  con- 
nected to an e l ec t romanomete r  with low volume displacement,  inser ted into the myocardium.  The absolu-  
te ly  r igid joint between the recording needle and e lec t romanomete r  used by Kreuzer  and Schoeppe proved 
unsuitable for  lengthy exper iments ,  for  the hear t  in contact with the end of the needle became wounded as 
it contracted and changes in the configuration and size of the hear t  in the course of the experiment  affected 
the position of the needle in the substance of the myocardium.  In the present  investigation, therefore ,  in- 
stead of a metal coupling between the needle and e lec t romanometer ,  a piece of a s tandard catheter  about 25 
cm in length was used. 

Depending on the place f rom which the IMP was to be recorded,  thoracotomy was per formed in the 
4th-6th intercostal  space.  The per icardium was opened widely, and a washer  was sutured to the epicardium, 
fixing the needle in the chosen portion of the anterola tera l  surface of the left ventr icle.  

A silk l igature was passed beneath the descending branch of the left coronary  a r t e r y  (together with the 
vein) or beneath one of its main branches ,  and after  all the readings had been taken it was tied. The coro - 
nary  a r t e r y  was ligated only af ter  no significant change occur red  in all the indices recorded  over a pe-  

r iod of 15-30 rain. 
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Fig. 1. Dynamics of p r e s su re  in left ventricle 
(A), in t ramyoeardia l  p re s su re  (B}, and I M P / L V  
ratio (C) af ter  acute disturbance of co rona ry  
circulat ion (in % of initial values). 1) Exper i -  
ments  with IMP recorded  in basal region of 
left ventr icle;  2) in middle third of left 
ventr icle;  3) in apical region of left ventr icle.  

The ECG and the p re s su re  inside the left 
ventricle and (or)in the aor ta  were recorded  along 
with the IMP. Traces  were drawn on a "Galileo" 
ink-writ ing r e c o r d e r  and s imultaneously on a type 
N-700 loop oscil lograph.  

The anterola tera l  surface of the left ventr icle  
was divided conventionally into three par t s :  base,  
middle third, and apical region. The dynamics of 
the IMP af ter  ligation of the co rona ry  a r t e r y  was 
recorded  in the region of the base in 21 exper iments ,  
in the middle third of the ventricle in 8, and in the 
apical region in 12 experiments .  The needle used to 
record  the IMP was buried in the myocardium to a 
depth of 6-8 mm from the outer  surface of the hea r t .  
In eve ry  case the co ronary  a r t e r y  was ligated in 
such a way that the region in which the IMP was r e -  
corded was protected from the region of the " infarct"  
by the intact co rona ry  a r t e ry .  

EXPERIMENTAL RESULTS 

AND DISCUSSION 

In all experiments  ligation of the co rona ry  
a r t e r y  was accompanied by a gradual decrease  in the 
p res su re  within the left ventr icle ,  which fell on the 
average  by 10-20~ of its initial value during 2-3 h 
of the experiment  (see Fig. 1, A). The same pat tern  
was observed with changes in the in t raaor t ic  p r e s -  
sure .  The figure (A) shows that the dynamics of 
in t raventr ieular  p re s su re  in the experiments  when 
the IMP was recorded in different par ts  of the m y o -  
cardium of the left ventricle was prac t ica l ly  the same.  

In contras t  to this, the dynamics of the contract i le  function in different par ts  of the myocardium af ter  
an acute disturbance of the co rona ry  circulat ion was substantial ly different. The value of the IMP in the 
basal  region of the left ventr icle ,  which had a mean value of 187 mm before ligation of the coronary  a r t e ry ,  
rose p rog res s ive ly  af ter  a disturbance of the co ronary  circulation,  to reach 212 mm by the end of the 1st 
hour of the exper iment  (P < 0.05). Three  hours af ter  ligation of the coronary  a r t e r y  the IMP in the basal  
par t  of the ventr icle  had r i sen  to 226 mm,  or  120~c of its initial value (see Fig. 1, B). A c lear  increase  in 
the IMP in the basal  par t  of the left ventr icle  af ter  ligation of the co rona ry  a r t e r y  was observed in 12 of 
the 21 exper iments .  In 7 experiments  the IMP in this region of the hear t  was essent ia l ly  unchanged, and 
it was lowered in only one experiment .  An increase  of 15~ in the IMP was found also in the middle third 
of the ventr icle  af ter  ligation of the co ronary  a r t e ry .  This effect was observed in 4 of 8 experiments .  In 
3 experiments  the IMP was unchanged, and in one it was lowered. 

Hence, in more  than half the experiments  with an acute disturbance of the co ronary  circulat ion com-  
pensa tory  hyperfunction of the myocard ium of the undamaged basal and middle portions of the left ventr icle  
was observed.  

The dynamics of the IMP in the apical region of the left ventricle af ter  ligation of the co rona ry  a r t e r y  
differed significantly f rom that in the basal and middle port ions of this ventr icle .  The IMP in the apical 
region, for instance, whose mean value before ligation of the artery was 227.4 ram, fell after 2 h to 149.4 

ram, or 66% of its initial value, and after 2.5 h it had fallen still further (see Fig. 1, B). A decrease in 
IMP in the apical part of the left ventricle after ligation of the coronary artery was observed in 6 of 12 ex- 
periments. In i experiment the IMP was raised, and in 5 it was substantially unchanged. 

The dynamics of the ratio between the IMP in the different parts of the left ventricle and the intra- 
ventricular pressure recorded in the same experiment (the IMP/LV ratio) is interesting. 
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The I M P / L V  ratio for the basal  and middle portions of the left ventricle before ligation of the co ro -  
na ry  a r t e r y  was 0.9 and 0.99, respect ively.  Immediate ly  af ter  ligation of the coronary  a r t e r y  the value of 
this rat io was considerably increased  for the base of the left ventr icle ,  and la ter  it remained stabilized at 
a level 40-55% higher than initially (see Fig. 1, C). An increase  in the I M P / L V  ratio,  although less  marked,  
was observed also in the middle third of the left ventricle af ter  ligation of the coronary  a r te ry .  An in- 
c r ea se  in the I M P / L V  ratio was noted in 11 of 15 experiments  in which the IMP was recorded  at the base 
of the hear t  and in all 4 experiments  when it was measured  in the middle third of the left ventr icle  (the num- 
ber  of experiments  in which the p ressu re  in the left ventricle was recorded  is shown). The pat tern  of 
changes in the ratio betweem IMP and the p res su re  in the aor ta  was equally definite. 

The dynamics of the I M P / L V  ratio in the apical region of the left ventricle was opposite to that in 
other par ts  of the left ventricle af ter  coronary  ligation. Whereas in other par ts  of the ventricle the ratio 
increased,  at the apex it decreased  immediate ly  af ter  coronary  ligation, and by the end of the 2nd hour of 
the experiment  it had fallen from 1.36-1.14, or  84% of its initial value. A decrease  in the I M P / L V  ratio 
in the apical region of the left ventr icle  was observed in 7 to 11 experiments  after co ronary  ligation, it r e -  
mained essent ia l ly  unchanged in 3, and increased in 1 experiment.  The causes of the increase  in the I M P /  
LV ratio at  the base and apex of the left ventricle were different. At the base it always increased  because 
the IMP increased  while the in t raventr icular  p re s su re  was unchanged or  fell slightly, but at  the apex the 
increase  in the rat io was always caused by a sharp fall in the in t raventr icular  p re s su re ,  while the IMP r e -  
mained unchanged (in 2 experiments)  or  actually fell (in 1 experiment).  

In more  than half of the experiments  ligation of the co ronary  a r t e r y  was thus accompanied by an in- 
c rease  in the contracti le function of the undamaged myoeardium at the base and in the middle third of the 
left ventr icle ,  but as a rule this react ion did not take place in the apical region. 

The available evidence is insufficient to explain these differences.  As yet only cer ta in  views may be 
expressed.  It can be considered ve ry  schemat ica l ly  that the myocardium of the ventricle wall consists  of 
three layers .  In the outer and inner layers  the f ibers  are  oriented mainly longitudinally, while in the in te r -  
mediate layer  they lie t r ansve r se ly  relative to the axis of the hear t  [4]. The c i rcu lar  c o m p r e s s o r  muscle 
descr ibed by Keith, situated in the basal and middle portions of the ventricle wall, consists  chiefly of 
t r ansve r se  f ibers .  It may  be supposed that after  ligation of the descending branch of the left coronary  
a r t e ry ,  result ing in the development of ischemia of a cer tain par t  of the la teral  wall of the left ventricle,  
an apparent  break occurs  in the longitudinal f ibers whereas most  of the c i rcu la r  f ibers are  above the a rea  
of the lesion and s tay intact. At the base of the hear t ,  where the c i rcu la r  f ibers of Keith 's  muscle remain  
undamaged, the conditions exist  for  producing compensatory  hyperfunction of the myocardium.  Conversely,  
the "break" of par t  of the fibers in ter feres  with or  completely prevents an increase  in the contract i le  func-  
tion of the myocardium of the apical region, where longitudinal f ibers are predominant and the c i rcu la r  
f ibers are  few in number.  
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