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Per fus ion  of an an imal  with cooled blood is accompanied  by  unequal cooling of the body t i s sues ,  due 
to d i s t rubances  of the regional  blood flow, which of neces s i ty  leads to metabol ic  ae idos i s .  

Many studies of the hypo thermic  per fus ion  have now been published [1-9, 11-15]. They give detai ls  
of changes in b iochemica l  reac t ions  [1, 10, 11] and in the body t e m p e r a t u r e  [1, 3, 4, 11] under  ar t i f ic ia l  
c i rcu la t ion  conditions in conjunction with hypo the rmia .  Many worke r s  have observed  the appearance  of 
t e m p e r a t u r e  gradients  under  these  conditions,  but the r e a son  for  the i r  appearance ,  as well  as the connec-  
t ion between the dynamics  of body t e m p e r a t u r e  and var ious  reac t ions  of the o rgan i sm,  pa r t i cu l a r ly  b io -  
chemica l  changes during hypothermic  perfus ion,  have been inadequately studied.  

The object  of the p re sen t  invest igat ion was to compare  changes in the t e m p e r a t u r e  in different  pa r t s  
of the body with some  b iochemica l  changes assoc ia ted  with an a r t i f ic ia l  c i rcula t ion  combined with hypo-  
t h e r m i a .  

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

The t e m p e r a t u r e  was r eco rded  in va r ious  pa r t s  of the body in dogs (gray and white ma t t e r  of the" 
b ra in ,  hear t ,  l iver ,  esophagus ,  r e c t u m ,  ske le ta l  m u s c l e s ,  and blood in va r ious  vesse l s )  eve ry  minute dur -  
ing hypothermic  per fus ion .  A T-59 t h e r m o g r a p h  designed by the R e s e a r c h  Inst i tute  of Exper imenta l  Surgi-  
cal  Apparatus  and Ins t rumen t s  (NII]~KhAiI), equipped with a s e r i e s  of t h e r m i s t o r s  in a specia l  se lec to r  
a t t achment  [4] was  used.  The a r t i f ic ia l  c i rcu la t ion  was mainta ined by Cra foo rd -Senn ing  and Lil lehei  ap-  
p a r a t u s e s .  The volume veloci t ies  of per fus ion  va r i ed  f r o m  70 to 125 m l / m i n / k g  body weight. The C r a -  
foord-Senning appara tus  was supplied with pure  oxygen at the r a t e  of 10-15 l i t e r s / m i n ,  and the Lil lehei  
appara tus  at  the r a t e  of 6-12 l i t e r s / r a in .  Carbon dioxide was added in a p ropor t ion  of 2-3% of the oxygen. 

During the expe r imen t  the deg ree  of oxygen sa tu ra t ion  of the blood was de te rmined  with an oxyhemo-  
m e t e r  and the following indices of a c i d - b a s e  ba lance  were  studied: pH, CO 2, BE (excess  of acids or  b a s e s ) . $  
Blood s amp le s  we re  taken be fo re  per fus ion ,  at the lowest  depth of cooling (10 ~ in the myocard ium) ,  at the 
end of the per iod  of c i r cu la to ry  a r r e s t  aga ins t  the background of deep hypo the rmia ,  and at the c l imax of 
reheat ing .  

E X P E R I M E N T A L  R E S U L T S  

During sudden cooling of the an imal  (20 exper iments )  with blood at a t e m p e r a t u r e  of 3-5 ~ a f t e r  the 
f i r s t  minute of per fus ion  l a rge  t e m p e r a t u r e  gradients  developed (25-35 ~ between the blood and the body 
t i s sue ,  indicating unequal cooling. In the f i r s t  5-8 rain of hypothermic  per fus ion  (the phase of act ive  cool-  
ing) the t e m p e r a t u r e  in the s k e l e t a l  m u s c l e s  (thigh and shoulder  groups) and in the r e c t u m  fell  slowly, 
while that  in the h e a r t  musc le ,  esophagus ,  l iver ,  c e r e b r a l  co r tex ,  and blood fell  rapidly  and by  a la rge  

Expe r imen ta l  m a t e r i a l  col lec ted  at  the A. N. Bakulev Inst i tute of C a r d i o v a s c u l a r  Surgery ,  Academy of 
Medical Sciences of the USSR. 
t T h e  b iochemica l  t e s t s  we re  c a r r i e d  out by E. N. Ashcheulova.  

Inst i tute  of Norma l  and Pathological  Physiology,  Academy of Medical Sciences of the USSR. ( P r e -  
sented by Active Member  of the Academy of Medical Sciences of the USSR N. A. Fedorov) .  T rans la t ed  
f r o m  Byulle ten '  l~ksper imenta l 'no i  Biologii i Meditsiny,  Vol. 67, No. 3, pp. 32-34,  March,  1969. Original  
a r t i c l e  submit ted  D e c e m b e r  29, 1967. 
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Fig. i. Changes in body and blood ~ 
t empera tu res  in dogs under eondi- ~* 
tions of hypothermic perfusion (per-  }e ~ / 
iod of cooling) and circulatory arrest ' ~ ' e ' ~ ' eo ' $o ' 

against  the background of deep hypo- 
thermia .  1) Tempera tu re  of ce r e -  
b ra l  cortex;  2) of skeletal  muscles ;  
3) of rectum; 4) of myocardium;  
5) of l iver;  6) of esophagus; 7) of 
a r t e r i a l  blood; 8) of venous blood in 
ar t i f ic ia l  c i rculat ion apparatus (ACA). 

t rain be- 
fore switch- Perfusion and rehearing 
ing. on ACA (in min) 

Fig. 2. Changes in body and blood 
tempera ture  of dogs during hypo- 
thermic  perfusion (period of rehea t -  
ing). Legend as in Fig. 1. 

absolute amount (20-25~ Differences between the rate of change of t empera tu re  in these parts  of the body 
were s ta t is t ical ly  significant (P < 0.02; Fig. 1). The t empera tu re  gradients began to diminish only after  
act ive cooling had ceased or after  a r r e s t  of the circulat ion and discontinuation of the art i f icial  circulat ion 
against  the background of hypothermia (10 ~ in the myocardium).  

It will be c lea r  that when different " temperature  levels"  were  present ,  the corresponding parts  of the 
body had different  levels of metabol ism.  With a myocard ia l  t empera ture  of 10 ~ ( temperature of the skele-  
tal muscles  19-31~ the ar ter iovenous  oxygen difference was 0.4-6% HbO2, the pH fell to 7.3-7.0,  the con- 
centrat ion of standard bicarbonates  fell to 9-10 meq/ l i t e r ,  and the concentrat ion of incompletely oxidized 
metabolic products  was increased (BE = - 1 6 ,  - 2 0  meq/ l i te r ) .  Ci rcula tory  a r r e s t  against  the background 
of deep hypothermia (10 ~ in the myocardium) caused an increase  in the ar ter iovenous oxygen difference to 
10-20% HbO 2 af ter  30 rain and to 40-50% HbO 2 after  60 rain, together  with a fur ther  increase  in the concen- 
t ra t ion  of incompletely oxidized metabolic products (BE > - 2 2 ) .  In this period an increase  in tempera ture  
of the myocard ium,  brain ,  l iver ,  esophagus,  and blood (by 2-10 ~ in the f i rs t  30 rain) was observed.  The 
t empera tu re  of the skeletal  muscles  and intestine in the f i r s t  15 rain of this period fel ! by 1-3 ~ and then 
rose  by 5-8 ~ toward the beginning of reheating.  In the period of c i rcu la tory  a r r e s t ,  the hear t  as a rule f ibr i l -  
lated slowly. At the cl imax of reheating ( temperature of the myocard ium 35-37 ~ the ar ter iovenous oxygen 
difference was 20% higher  than initially (Fig. 2). An increase  in the concentrat ion of s tandard  bicarbonates  
to 12-13 meq / l i t e r  and a slight decrease  in the concentrat ion of incompletely 'oxidized metabolic products 
(BE = - 1 4 ,  - 1 6  meq/ l i te r )  were  observed,  and the pH rose  slightly. 
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Hence, during sudden cooling of an an imal  with blood at  3-5 ~ the body t i s sues  a r e  cooled unequally, 
leading to the appearance  of foci of anoxia,  resul t ing  in metabol ic  ac idos is .  Following injection of cold 
blood into the a r t e r i a l  sys t em,  intense vasocons t r i c t ion  develops ,  and the mechan i sm producing it is a r e -  
flex va scu l a r  r e sponse .  In the f i r s t  s tages  of cooling, some pa r t s  of the body a re  in fact  cut off f rom the 
c i rcu la t ion  as a resu l t  of c losure  of the cap i l l a r i e s  and a r t e r i o l e s ,  while the a r te r iovenous  anas tomoses  
evidently begin to function. This is conf i rmed  by our own observa t ions  [3] and by published data [1, 8, 9, 
11]. Changes in the regional  blood flow a re  accompanied  by the development  of t e m p e r a t u r e  gradients .  
Under these  conditions a rapid  fal l  in the t e m p e r a t u r e  of the myoca rd ium,  esophagus ,  l i ve r ,  and c e r e b r a l  
co r t ex  and a slow fall  in the t e m p e r a t u r e  of the ske le ta l  musc les  and intest ine a r e  observed .  This d i s t inc-  
t ive  pa t t e rn  of the t e m p e r a t u r e  dynamics  in a r e a s  " isola ted"  f rom the a r t i f i c ia l  c i rcula t ion ,  the inc rease  in 
t e m p e r a t u r e  gradients  between the body t i s sues  and a lso  between the blood and the t i s s u e s - t h e s e  a r e  all  
evidence of inadequacy of hypothermic  pe r fus ion  f r o m  the point of view of t e m p e r a t u r e  control .  The inade-  
quate blood supply to body t i s sues  at a re la t ive ly  high t e m p e r a t u r e  is unquest ionably accompanied  by anoxia.  
Under  these  condit ions,  the hypothermic  perfus ion loses  its pr incipal  function, that  of protect ing the t i s sues  
aga ins t  anoxia.  
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