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The dynamics of changes in the brain temperature, the thermal insulating properties and 
thermal conductivity of the tissues and the heat loss were investigated in dogs during crani- 
ocerebral cooling by means of a water-jet apparatus. Despite the increase in thermal insu- 
lation of the tissues and the decrease in their thermal conductivity, the heat deficit arising 
at the beginning of cooling persisted throughout the period of hypothermia. 

Artificial hypothermia of a warm-blooded animal is accompanied by changes in its heat balance. The 
heat deficit [I0, 12] in this case is positive because the heat lost exceeds the heat formed. Characteristi- 
cally, during craniocerebral cooling [3], heat is transmitted principally through the head [8], and the tem- 
perature gradient between the brain and internal organs in sharply altered [2, 6]. 

This paper describes the results of an investigation of the dynamics of heat loss, the index of heat 
circulation, and the temperature of dogs cooled in a craniocerebral hypothermia apparatus of new design 
[4, 51. 

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

The experiments  were ca r r i ed  out on adult dogs, anesthetized with ether  and cooled through the head 
in a "Kholod-2F" wa te r - j e t  hypothermia apparatus (water temperature  2-5 ~ p ressu re  1 arm). The brain 
temperature  (in the motor  area) at depths of 7, 20, and 30 mm and the body temperature  (rectal) were mea-  
sured by Chromel drop thermoeouples on a PP-59  potentiometer .  The heat loss and skin temperature  
were recorded by copper-Constantan thermoeouples through a PP-63 potentiometer.  

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

Table 1 shows that cooling the animal ' s  head lowered the body temperature .  However, the greates t  
changes in tempera ture  occurred in the skin of the head and the upper layers  of the brain. The tempera-  
ture gradient reflecting the tempera ture  drop f rom the internal organs to the body surface increased sharp-  
ly at the beginning of cooling, and continued to r ise  as the hypothermia deepened. This increase  in the g ra -  
dient, both for the skin and for  the deep layers  of the brain, vir tually ceased at the level 31-30 ~ i.e., on 
reaching the maximum for these conditions of operation of the hypothermia apparatus.  

The heat loss was direct ly  related to the temperature  changes. It increased appreciably (Fig. 1) at 
the beginning of cooling and remained high throughout the period of hypothermia.  The flow of heat through 
the head in the interval f rom 35 to 34 ~ increased by 2.2-2.4 times compared with initially. Consequently, 
at the initial moment  of hypothermia a large heat deficit developed, and this pers is ted  until the end of cool- 
ing. The decrease  in heat loss at a temperature  of 33 ~ probably ref lects  compensatory reactions to cold. 
These were expressed,  in par t icular ,  by a decrease  in thermal  conductivity and an increase  in the thermal  
insulating proper t ies  of the t issues (Fig.  2). With the development of hypothermia the degree of change in 
the thermal  conducting and thermal  insulating proper t ies  of the skin of the head were equalized and the 
heat loss slightly reduced. At these tempera tures  this decrease  in heat loss was due to depress ion of 
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Fig.  1. D y n a m i c s  of hea t  l o s s  th rough  

the skin of the head  dur ing  hypothe r m i a .  

A b s c i s s a ,  body t e m p e r a t u r e  (in d e g r e e s  
C); o r d i n a t e ,  h e a t  loss  (in k c a l / m  2. h). 
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Fig.  2. E f fec t  of h y p o t h e r m i a  on t h e r m a l  

in su la t ion  and t h e r m a l  conduct ion  of skin  

of dog ' s  head .  A b s c i s s a ,  body t e m p e r a -  

tu re  (in d e g r e e s  C); o rd ina t e :  l) t h e r m a l  
i n su l a t i on  (in m 2. h .  d e g / k c a l ) ,  II) t h e r -  

m a l  conduct ion  (in k c a l / m  2o h~ deg) o Con-  

t inuous l ine shows t h e r m a l  insu la t ion ,  

b roken  l ine t h e r m a l  conduct ion .  

m e t a b o l i s m  [9], and to a d e c r e a s e  in the i n t ens i t y  of the 

blood supply to the i n t e r n a l  o rgans  and, in p a r t i c u l a r ,  to the 

b r a i n  [7]. 

The index of hea t  c i r c u l a t i o n  [1, 10, 11], the r a t i o  be -  

tween  the p h y s i c a l  t e m p e r a t u r e  g r a d i e n t  and the p h y s i o l o g i -  

ca l  g r a d i e n t ,  and which  def ines  the d e g r e e  of changes  in the 

t h e r m a l  i n su l a t i ng  p r o p e r t i e s  and the t h e r m a l  conduct ion  of 

the t i s s u e s ,  v a r i e d  to a d i f f e r e n t  e x t e n t  in d i f f e r e n t  p a r t s  of 

the body. This  index  f o r  the b r a i n  and the skin  of the head de -  
c r e a s e d  as the t e m p e r a t u r e  f e l l ,  i nd ica t ing  i n c r e a s e d  t h e r -  
m a l  conduc t iv i ty  of the t i s s u e s  (Table 2). 

C h a r a c t e r i s t i c a l l y  at  a depth of 30 m m ,  toward  the end 

of cool ing  the index was  r e d u c e d  by 6 t i m e s  c o m p a r e d  with  

the in i t i a l  pe r i od ,  w h e r e a s  at  a depth of 20 m m  the d e c r e a s e  

was only 4.8 t i m e s  and in the upper  l a y e r  of the c e r e b r a l  c o r -  

tex and sk in  of the head  the d e c r e a s e s  w e r e  only 3.4 and 3.3 

t i m e s .  D i f f e r e n c e s  in the d e g r e e  of the change in t h e r m a l  

conduc t iv i ty  in the t h e r m a l  insu la t ing  p r o p e r t i e s  of the deep  

t i s s u e s  and sk in  of the head w e r e  e v i d e n t l y  due to d i f f e r e n c e s  

in the d e c r e a s e  in t h e i r  blood supply  and in t h e i r  ab i l i ty  to 

wi ths tand  the ac t ion  of cold.  

A n a l y s i s  of t he se  r e s u l t s  shows that  the c r a n i o c e r e b r a l  
method  of p r o d u c i n g  h y p o t h e r m i a  is  an e f f e c t i v e  m e a n s  of 

l o w e r i n g  the t e m p e r a t u r e  a r t i f i c i a l l y .  The t e m p e r a t u r e  g r a -  

d ient  be tween  the i n t e rna l  o rgans  and b r a i n  r i s e s  c o n s i d e r a -  
bly,  and this is  a pos i t i ve  f a c t o r  in the p r a c t i c a l  u t i l i z a t ion  

of h y p o t h e r m i a .  

The i n c r e a s e  in the t h e r m a l  in su la t ing  p r o p e r t i e s  of the t i s s u e s  and the d e c r e a s e  in t h e r m a l  conduc-  

t iv i ty  dur ing  the d e v e l o p m e n t  of c e r e b r a l  h y p o t h e r m i a  l eads  to a u n i f o r m  and p h y s i o l o g i c a l  change in the 

t h e r m a l  s ta te  of the body. The hea t  de f i c i t  a r i s i n g  in the i n i t i a l  p e r i o d  is  m a i n t a i n e d  unt i l  the end of coo l -  

ing,  i n c r e a s i n g  the r e s i s t a n c e  of the n e r v e  c e l l s .  

T A B L E  1. Changes  in T e m p e r a t u r e  and T e m p e r a t u r e  Grad i en t  of 

Dogs dur ing  B r a i n  Cool ing  

Skin of head . . . .  
Gradient . . . . . .  
Brain 

at depth of 
7 mm . . . . . .  
gradient . . . .  
at depth of 
20 mm . . . . .  
gradient . . . .  
at depth of 
30 m m .  . . . .  
gradient . . . .  

Body temperature 

36,6 ~ 36 ~ 35 ~ 32 ~ 31 ~ 30 ~ 29 ~ 28 ~ 

34,4 
2,2 

35,6 
1,O 

36, 1 
0,5 

36,5 
O,1 

28,5 
7,5 

28,9 
7,i 

34,6 
1,4 

35,7 
0,3 

25,5 
9,5 

26,9 
9,1 

33, 1 
1,9 

34,5 
0,5 

34 ~ 33 ~ 

22,2 21,2 
11,8 11,8 

22,3 21,8 
I1,7 11,2 

31,4 30,2 
3,6 2,8 

33,2 32,0 
0,8 1,0 

19,21 
12,8 

20,8 
11,2 

29, 1 
2,9 

31,1 
0,9 

18,1 
12,9 

19,2 
11,8 

27,4 
3,6 

29,8 
1,2 

17,5 
12,5 

18,0 
12,0 

26,6 
3,4 

28,6 
1,4 

16,61 
12,4! 

17,2 
11,8 

25,3 
3,7 

27,6 
1,4 

15,4 
12,6 

15,9 
12,1 

24,6 
3,4 

27,1 
0,9 

T A B L E  2. Heat  C i r c u l a t i o n  Index (in Convent ionaI  Units) in B r a i n  
T i s s u e s  and Skin of the Head dur ing  H y p o t h e r m i a  

Brain: 
at depth of 
30 mm . . . . . .  
at depth of 
20 mm . . . . . .  
at depth of 
7 mm . . . . . .  

Skin of head 

36,6 ~ 36 ~ 35 ~ 28 ~ 

144,00185,00 

28,80 18,93 

I 14,40 3,73 
6,55 3,53 

47,00 

12,39 

2,74 
2,47 

Bodrtemperature 
34 ~ 33 a 32 ~ 31 o 

22,25 19,20 19,11 13,41 

5,61 6 ,86 5,93 4,47 

1,73 1,71 '1,54 1,36 
1,71 1,63 1,34 1,25 

30 ~ 29 ~ 

11107110,43 

4,56 / 3,95 

1,29 1,24 
1,24 1,18 

14,89 

3,97 

1,11 
1,06 
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