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Exclusion of the hear t  f rom the circulat ion in hypothermic conditions has gained general  acceptance 
as a method of c rea t ing  a bloodless operat ion field. However, this method cannot be used when combined 
defects of the hear t  valves requi re  correc t ion .  A more  pract icable  method in these conditions is that of 
cold eardioplegia [1, 2] o based on the assumption that the metabol ism of the a r r e s t ed  hear t  is close to zero .  
This method, although rapidly depress ing  the metabol ism of the myocardium,  does not give r i se  to profound 
changes in s t ruc ture  and function charac te r i s t i c  of chemical  and anoxic cardioplegia.  

The clinical application of the method of hypthermia  has gone far  ahead of experimental  work to e s -  
tablish its basic  principles.  This is t rue above all of the tempera ture  conditions of the hear t  and the pulse 
rate  as indices determining the onset  of asystole .  For  this reason these pa rame te r s  were studied during 
local hypothermia  of the hear t .  

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

Exper iments  were ca r r i ed  out on 23 mongrel  dogs aged 3-7 yea r s  and weighing 8-21 kg. The ani -  
mals were anesthetized initially by injection of 5% thiopental-sodium solution, and later  with e ther  and oxy- 
gen. The detectors  of an e l ec t ro the rmomete r  const ructed in the au thor ' s  l abora tory  were introduced into 
the chamber  of the hear t .  The bra in  was cooled in a c ran ioce rebra l  re f r igera t ion  unit working on liquid 
freon-12.  The revolving power of the apparatus was 26 ~ 

After the brain  had been cooled to 29-27 ~ the per icard ium was opened widely and taken up on holding 
forceps .  After 1.5-2 min of hyperventi lat ion,  the pos te r io r  vena cava was compressed  by a tape previously  
passed beneath it and fixed by a tourniquet, and 30-50 sec later  the procedure was repeated on the an te r ior  
vena cava. The per icardia l  cavi ty was filled with a mixture of pieces of melting ice made f rom steri la  
physiological saline. The hear t  was warmed with towels soaked in w a r m  physiological saline. The activi ty 
of the hear t  was r e s to red  by means of di rect  massage  and e lec t r ica l  stimulation. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

During cooling with a solution at a t empera tu re  of 3-5 ~ the tempera ture  of the hear t  fell slowly and 
reached 17-60 ~ only af ter  10-11 min. Considerable tempera ture  gradients  were observed  between the a t r ia  
and ventr ic les ,  par t icu lar ly  in the f i rs t  period of cooling. At 21-19 ~ a period of stabil ization of the vent r i -  
cular  t empera ture  was observed,  and by the 20th minute the tempera ture  of both portions of the hear t  was 
the same.  Subsequently, the tempera ture  differences did not exceed 1 ~ . 

The same pattern of changes in hear t  t empera tu re  was observed when it was incompletely separa ted  
f rom the c i rculat ion (part of the venous drainage was preserved) and the myocard ium was incompletely i so-  
lated f rom the thoracic  organs .  However, in these cases  equalization of the t empera tu res  of the base and 
apex began with the onset of mechanical  asystole .  It follows that absence of the conditions neces sa ry  to 
produce adequate cooling of the hear t  led to a slow dec rease  in its t empera tu re  with the development of 
large gradients  between the a t r ia  and ventr ic les .  

In later  experiments  melt ing ice was used to cool the hear t  because its heat capacity is 81 t imes  
grea te r  than that of water  at 1 ~ [2]. In these exper iments  the changes in the tempera ture  of the hear t  were  
of a different charac te r .  In the f i r s t  minutes of cooling it fell quickly, reaching 16 ~ after  2-4 min. After 
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T e m p e r a t u r e  in Various  P a r t s  of the Hear t  
in an Exper iment  with Select ive Cooling 
of the Myocardium (Exper iment  No. 383, D e c e m b e r  
15, 1964) 

Part of the heart 

Right atrium 

l~ight ventricle 
LeIt atrium 
Left ventricle 

I 1 Temperature 
o ~ minutes 

26,9 

26,5 
26,8 
27,0 

exclusio 
3 12 30 1 

16,0 l 1,6 17,5 22,8 

16,4 11,2 16,9 17,7 
15,8 11,7 17,4 17,8 
16,2 11,4 17,1 18,4 

r e c o v e l  

23,0 

20,2 
20,2 
26,0 

11 

25,0 

25,4 
23,5 
23,4 

the t e m p e r a t u r e  had r eached  a ce r t a in  min imum,  
the ra te  of cooling was sl ightly reduced,  leading to a 
smal l  inc rease  in t e m p e r a t u r e  followed by s tab i l -  
izat ion.  

In these conditions the t e m p e r a t u r e  d i f ference  
between the var ious  pa r t s  of the h e a r t  was  much 
s m a l l e r .  I t  was  g r ea t e s t  in the f i r s t  minute of local  
cooling, although he re  a lso  the t e m p e r a t u r e  of a t r i a  
was always higher.  The highest  gradient  in this  
per iod was 4.5 ~ but next minute it fel l  to 1.3 ~ (ex-  
pe r imen t  No. 405, Apri l  16, 1965). No significant 
t e m p e r a t u r e  d i f fe rences  were  found between the 
r ight  and left s ides of the hear t ,  i f  the cooling agent  
surrounding all the h e a r t  un i formly .  The gradients  
developing in this case  did not exceed  0.4-0.6 ~ (see 
table).  

Dependence of the ra te  of  fal l  of t e m p e r a t u r e  on the pulse ra te  was seen  even m o r e  c l ea r l y  in this 
s e r i e s  of expe r imen t s .  In the cou r s e  of cold card iopleg ia  the t e m p e r a t u r e  in the esophagus fell  at  the r a t e  
of 1-1 .5~ mira When local cooling of the myoca rd ium was stopped, i ts  t e m p e r a t u r e  ro se  at the r a t e  of 
about 0 .2-0.4~ Warming  the .heart with w a r m  towels led to a rapid  i n c r e a s e  of its t e m p e r a t u r e .  In 
mos t  expe r imen t s  r e s to r a t i on  of the t e m p e r a t u r e  took place f a s t e r  than it  fel l  dur ing induction of c a rd io -  
plegia.  In this per iod the t e m p e r a t u r e  of the ven t r i c l e s  was slightly higher  than that  of the a t r i a .  

The c h a r a c t e r  of the pulse changes during cold cardioplegia  was l a rge ly  de te rmined  by the intensi ty  
of cooling and by  the previous  functional s ta te  of the myocard ium and c i rcula t ion.  The pr inc ipa l  f ac to r  
de te rmin ing  this index was the r a t e  of fall  of  the hea r t  t e m p e r a t u r e .  If it fel l  rap id ly  the pulse r a t e  a lso  
fel l  sharp ly  and card iac  a r r e s t  supervened  quickly.  I cons ider  that  the bas i s  for  the rap id  onset  of  a s y s -  
role is a fall  of t e m p e r a t u r e  at the r a t e  of 6-8~ If the t e m p e r a t u r e  fell  slowly, ca rd iac  a r r e s t  de -  
veloped a f te r  a long per iod of t ime .  In this case  the initial  sha rp  fail  in the pulse ra te  was followed by s t ab -  
i l izat ion (20-10 bea t s /min ) .  In such expe r imen t s  the ra te  of fall  of the myocard ia l  t e m p e r a t u r e  was 1.5- 
4~ In all expe r imen t s  a m a rked  fall  of pulse ra te  (on the ave rage  to 4070 of i ts  initial  value) was ob-  
s e rved  in the initial cooling per iod.  La te r  the pulse ra te  changes followed th ree  poss ib le  cou r se s :  a 
continued sharp  d e c r e a s e  para l l e l  to the change of t e m p e r a t u r e  (in this case  ca rd iac  a r r e s t  occu r r ed  a f t e r  
2-3 min), a s teady fall  in the pulse r a t e  with card iac  a r r e s t  a f t e r  4-5 rain, and s tabi l izat ion (and s o m e t i m e s  
a sl ight increase)  of the pulse r a t e  followed by a s teady dec r ea se  (in this va r i an t  ca rd iac  a r r e s t  o c c u r r e d  
a f t e r  7 min). 

Asys to le  was preceded  by  f ibr i l la t ion only in the las t  var ian t  of card iopleg ia .  In some ca se s  it a ro se  
during mechanical  s t imulat ion of the m y o c a r d i u m  as  it  was cooled to 20-17 ~ Cardiac  a r r e s t  took place at 
a t e m p e r a t u r e  of 17 ~ but mos t  commonly  at 14-12 ~ 
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