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Experiments  on cats showed that at the beginning of development of hypothermia the r e -  
s is tance to the blood flow in the ce rebra l  vesse ls  r i ses  and remains  high throughout the 
period of development of hypothermia and subsequent res tora t ion  of the initial body t em-  
pera ture .  Hypothermia depressed  the responses  of the ce rebra l  vesse ls  to nervous and, 
to a l e s se r  degree,  humoral  stimuli.  

Hypothermia is known to be accompanied by a decrease  in the ce rebra l  blood flow [3, 4, 6-8, 10, 11, 
16]. If, however,  it is r emembered  that the volume of blood flowing through the bra in  depends on the r e -  
s is tance of the ce reb ra l  vesse ls  and also on the level of the sys temic  a r te r ia l  p r e s su re  which is signifi-  
cantly reduced during hypothermia,  it is by no means always possible to be sure  of the cause of the ob- 
served dec rease  in the ce reb ra l  blood flow. 

The object of the present  investigation was to continue the study of this problem and also to invest i-  
gate the effect of hypothermia  on some indices of the state of neurohumoral  regulation of vascular  tone in 
the brain.  

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

Experiments  were ca r r i ed  out on cats anesthetized with chloralose  and urethane, using the r e s i s to -  
graphy method. The blood vesse ls  of the brain were  perfused with blood f rom the same animal through 
both external carot id ar ter ies ;  the ver tebra l  a r t e r i e s  and ex t race rebra l  branches  of the carotid a r te r ies  
were ligated. 

Afferent f ibers  of the vagus and sciat ic  nerves  were stimulated with square pulses (50/sec, 10 msec ,  
0.5-10 V). Adrenalin and noradrenal in  were injected into the sys temic  circulation in doses of 1-5 #g/kg. 
Hypothermia was produced by cooling through the skin or  by ex t racorporea l  cooling of the blood in a heat-  
exchanger.  The body tempera tu re  of the animals was lowered to 26-25~ 

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

The 11 exper iments  of se r ies  I showed that at the beginning of cooling the tone of the ce rebra l  vesse ls  
rose  sharply,  and then remained high throughout the period of hypothermia,  falling only slightly when the 
t empera tu re  was 27-25~ Subsequent reheating of the animals was accompanied by a fur ther  increase  in 
the perfusion p re s su re ,  which remained high even after  the normal  body tempera ture  had been res to red  
(Fig. 1). 

These resul ts  are  in agreement  with the opinion of those workers  who concluded f rom determination 
of calculated values for  the res i s t ance  to the blood flow that hypothermia is accompanied by constr ic t ion of 
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Fig. 1. Dynamics of level of perfusion p r e s s u r e  (M4-m) in major  
a r t e r i e s  of brain  when isolated hydrodynamical ly  (continuous line) 
and when not so isolated (broken line) during cooling and reheating 
of animals.  Abscissa ,  body tempera tu re  (in ~ ordinate, p r e s su re  
(in mm Hg). 

Fig.  2. Changes in p r e s s o r  and dep res so r  responses  of cerebra l  
vesse l s  during hypothermia (M ~:m). Unshaded columns show r e s -  
ponses at normal  body tempera ture ;  shaded columns show responses  
during hypothermia.  1) Intensive stimulation of vagus nerve;  2) the 
same during stimulation by current  of low amplitude; 3) stimulation 
of sciat ic nerve; 4) injection of adrenalin; 5) injection of noradrenal in.  

the ce rebra l  vesse ls  [5, 9, 12-14]. However, the opposite opinion is also held, according to which hypo- 
the rmia  causes  dilatation of the ce rebra l  vesse ls  [1, 17l. This view is based on experiments in which the 
hydrodynamic link between the ext racrania l  and [nt racrania l  vesse ls  was not severed,  so that it cannot be 
rel iably used to judge the responses  of the ce rebra l  vesse l s .  

In the five control  experiments  of se r ies  II, both carot id a r t e r i e s  were perfused without pre l iminary  
ligation of their  ex t r ace rebra l  branches .  The perfusion p re s su re  recorded  under these conditions reflected 
the total res i s tance  to the blood flow in vesse ls  of different t i ssue of the head, including the brain.  The r e -  
sults differed sharply f rom those of the experiments  of se r ies  I examined above. The perfusion p re s su re  
in the vesse ls  of the head was increased only at the beginning of cooling and at the end of reheating.  
Throughout the period of hypothermia and the beginning of reheating the perfusion p re s su re  remained be -  
low its initial level (the broken line in Fig.  1). The resul ts  of these experiments  indicate the importance,  
when studying the ce rebra l  circulation, of isolating it f rom the ex t r ace reb ra l  blood flow, and they explained 
why in cer ta in  investigations undertaken without observance  of this rule, resul ts  were obtained which in- 
dicated dilatation of the "cerebra l"  vesse l s  during hypothermia.  

It can be concluded f rom the resul ts  descr ibed above that hypothermia  is accompanied by cons t r i c -  
tion of the ce rebra l  vessels~ In the intact animal constr ict ion of the ce rebra l  vesse ls  during hypothermia 
is combined with a dec rease  in the sys temic  a r te r ia l  p re s su re ,  and this may reduce the ce rebra l  bloodflow 
still  fur ther .  Despite this fact, the blood supply to the brain  remains  adequate, since metabol ism and the 
oxygen demand of the brain  t issue are  reduced during hypothermia by a g rea te r  degree than the ce reb ra l  
blood flow [15]o 

The increase  in res i s tance  to the blood flow in the ce rebra l  vesse ls  during hypothermia cannot be 
attributed to increased viscos i ty  of the blood, for side by side with an increase  in res i s tance  in the ce rebra l  
vesse l s  in these experiments ,  the res is tance  in the vesse l s  of the small  intestine and hear t  and, in mos t  ex-  
per iments ,  in the vesse ls  of the skeletal muscles  also was reduced [2]. In addition, during the reheating 
period,  the blood viscos i ty  fell although the res i s tance  of the ce rebra l  vesse ls  remained high. The present  
resul ts  also indicate that there  is no direct  relat ionship between the increase  in res i s tance  of the brain  
vesse l s  and the decrease  in the level of metabol ism in them. Whereas the oxygen demand of the bra in  fell 
as hypothermia  deepened, and rose  gradually with res tora t ion  of the body t empera tu re  [15], the res i s tance  
of the ce reb ra l  vesse ls  increased by the greates t  degree at the beginning of cooling (about 35~ failing 
slightly when the body t empera tu re  was 27-25~ In addition, during the period of gradual  res tora t ion  of 
the initial body t empera tu re  the res i s tance  to the blood flow in the ce rebra l  vesse l s  continued to r i se ,  a l -  
though brain metabol ism during this period was increased.  It may be considered that the increase  in r e -  
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s i s t ance  to the blood flow in the c e r e b r a l  ve s se l s  was due to the influence of hypo thermia  on the mechan i sm 
regulat ing the c e r e b r a l  c i rcula t ion.  

In the expe r imen t s  of s e r i e s  III,  conducted on 12 cats ,  the effect  of hypothermia  was studied on r e s -  
ponses  of the c e r e b r a l  v e s s e l s  to nervous  and humora l  s t imul i .  Strong s t imulat ion of the cen t ra l  end of 
the divided vagus ne rve  caused not only an i nc rea se  in the sys t emic  a r t e r i a l  p r e s s u r e ,  but a lso  definite 
cons t r ic t ion  of the c e r e b r a l  v e s s e l s ,  which fe l l  s ignif icant ly during hypo the rmia  (Fig. 2). During weaker  
s t imulat ion of the s a m e  nerve ,  the a r t e r i a l  p r e s s u r e  fel l  and this  was accompanied  by d e p r e s s o r  r e sponses  
of the bra in  v e s s e l s ,  which were  signif icantly reduced during hypo thermia  or  (in f ive exper iments )  con-  
ve r t ed  into p r e s s o r .  Meanwhile,  the d e c r e a s e  in the magnitude of the p r e s s u r e  r e sponses  of the c e r e b r a l  
v e s s e l s  to s t imulat ion of af ferent  f i be r s  of the sc ia t ic  ne rve  during hypo thermia  was not significant 
(P > 0.05). The d e c r e a s e  in magni tude of the p r e s s u r e  r e sponses  of the c e r e b r a l  v e s s e l s  to adrenal in  also 
was not significant (P > 0.5); the r e s pons e  to noradrena l in ,  however ,  showed a significant d e c r e a s e  during 
hypo the rmia  (Fig. 2). 

The obse rved  d e c r e a s e  in r e sponses  of the c e r e b r a l  v e s s e l s  during hypo thermia  was not a t t r ibutable  
to worsening of the an i m a l ' s  genera l  condition during the long exper iment ;  for  a f ter  reheat ing to the original  
body t e m p e r a t u r e  the r e s p o n s e s  of the c e r e b r a l  v e s s e l s  r e c o v e r e d  comple te ly .  

Hypo the rmia  thus leads to a significant  i nc r ea se  in the r e s i s t a n c e  to the blood flow in the c e r e b r a l  
v e s s e l s  and to a d e c r e a s e  in the i r  r e s p o n s e s  to nervous  and, to a l e s s e r  degree ,  humora l  s t imul i .  
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