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The ci'~nges ob,erved in r3~ ~-ganhm as ~ r~u l t  of ~tt general cooling are in ~ e  first phce due to pro- 
gre~sive inhibt~on of the central ~ , ~ o u i  system. The result of this lnh~t ion  it to p~oduce I~p-wlse abolition 
of lU functions, beginning with the ~eb~al coccyx. Cc~ditloned reflex acdvity h abort;bed ia dogs when the 
body t~nperatt~re falls to 28-30" [4~. Changes ta~ phcr  tn ~e electrical activity of ~e cembra~ cortex, which 
becomes weaker as the ternpcra~ur~ fa]2~, finally ~ng a~together [10. 12, 3]. 

Disturbance of functic.n of ~ .  b e t w e e n - ~ n  and the mid-lxaia t~kes pl~ce much la~r [i0j, while the 
function~ of ~ae m e d u U a o b l o n g a ~  fl'~ spinal r persist to lower ~ p ~ r a t u r e t ,  and are the last to be abol- 
ished [1, 4]. 

Procurement of profound in~ib~on of the cereal nervmts system by means of gener~Ezed 1owe~Ing of 
body *.emp~rat,~e is now widely a~ed clinlc~12-7, Lu ~,~r.dcuIAr in c~.~,~e.et~c~a wRh he~t surgery [12, 8~ and 
o~hert]. T~e induction of g e n e r a ~  hy-vod~e.'~La, e~pecfally in its rscre e x ~ e ~  forms, is by no means a safe 
or a simple undertaking, either in ~ e  human or h~ ~mimalt. One of it~ most dangexous compl ic~ons  in st~gical 
practice is the development of v e ~ c ~ l a r  libra ~l~ori. in t~rflcul~r ~#h~n the heart h ~  been excluded f~om the 
circulation. The frequency of i~a:i~nce of fibd!2~adon h ~n direct [~o?;~don to the degree of cooling of the 
organism [g. 9, lb]. This flbritlats greatly lJ~. it~ ~ e  p~,ibilitte~ of applying hypod~e~mla. I~ is of importance 
to find ways and means of p r e v e n ~  its omet. 

The useful effect of hypothe~%~ ~a under co~:.idon~ of exclusion of ~ ~c~ion of the bears is that it protects 
the cen~aI nervous system, and b't ~ d c u l a r  the c e r e a l  cortex, from ~.~ harmful effect of the resulting anoxia, 
since the tolerance of the ~ain to oxygen lack L~ ~c~ch higher in the h)~,othermle state [6, YJ. It follows from 
this that ~e  most important aspee: of hypothe~ia  i, ~ e  lowering of ~ e  temperature of the brain, and in partico 
ular of its higher levels. This potn~ w the r~.~i~tt~ of inducing hyl:m~en'nis by coo.ling the head alone, 
leaving ~he ~est of the body at a r e d , r e l y  high t ~ e r a t u r e ;  since ~is  Lncluder the heart, it may fully prevent 
lu fib~llation. The cooling of the ~a in  throug~ ~ e  cranium is quite feasible, since of all  tissues bone is the 
be~t conductor of heat. It should m ~is connex~o~ be mentioned that Nlkitinov [7] proposed the application of 
cold to the bead for the ~eatment ,.~f certain l~d~- condition,, as far l>tck as 1885. 

Attempts at clinical app l ic~ons  of cold ~ ~ e  head have been d~.~cxibed in the. ~lteranire. Thus Fay and 
Smith [ 13], who treated cancerous r by hy;~ ~hem~la, applied lce- .~ckt  not only to various parts of the 
body of the patient, but also to the ~ a d .  Fay (.~4]. in ~ e  treatment of headaches of varied etiology, used a 
spedal helmet placed on the head~ ~ith a stream of cold water running ~rough it. 

The present paper describes a study of the L~ducflon'of hypothermAa by cooling 1-he brain alone, through 
it~ external coverings, and of the :e~-nperature ~ t l e s  achieved at differe~lt levels. 



EXPs METHODS 

in all, we performed 17 r on r Cooling w~z effectcd by meant of a small cooling blanket, 
in which ~ e  head of the ariL~)~i w;..~ wr~?p.-;. The hair had first been t.horough~y removed from the head. Water 
at 3-5" was circialatcd through the blanket. "r.~.,~tzture readings were recorded dmultaneou~ly from. two o~ 

~ tee  levels of the Ixaln. using a eoppet-constantau 
~:..... tnermocouple, the Insulated function of which was 
I �9 t q  . . dg :~% .., .,*. [ ~ ",. "..... ,,:>-, enclosed in a ~o~iow needie wig  a closed end. At the 

J~ \ "',", ......... 4:~ same time rectal ~emperamre ~as measured by meant 

I g '% ""~.-~./tl M M ~ ",......J ,'t/ 

20 / " ~  

Time (in hou~.) 

Rate of fall and rise of temperature at di fferent 
levels of the btalq and in the rectum during ex- 
ternal cooling of the head, with subsequent warm- 
lng of the organism. I) Upper layer; 2) middle 
layer; 3jdeep la~-er; 4) rectum. Cat, bodywelght 
2.8 kg. Experl,~eniofthe4d~ May l~SB. 

applied. 

Restora~on o r brain ~,  -~'r was acl'3eved by wam-,ing the whole body with an electric heater until 
the rectal temperature reached 33-34", with a short period of heating of the head at t~e beginning of the re- 
covery period. 

of a mercury thermometer inserted to a depth of 8 cm. 

In some of the experimenu we did not Insert the 
~hermocouple needles, In order to avoid injury to the 
:~a~n, but judged the brain temperature from thJtt of the 
biood restoring from the brain in the jugular vein. For 
this propose we inserted a very thin and Smooth thermo- 
covple Into the vein, agalmt the direc~on of the current 
of blood. Control experiments showed th--t the tempera- 
rare of the btood was very clom to that of the brain. 

Arterial p~essuze was recorded from t~e carotid 
artery by meam of a mercury manometer, and respira- 
tion by meatu of a Marcy capsule, connected through 
a four-way tube to the t:achea. Ether anesthesia w~s 

EXPERIMENTAL RESULTS 

Different temperatures were recorded from different leveh of the brain (upper, middle, deep) durL'~g 
cooling lxocess. As is evident from the Fig~e, b e  ~mperatme feLl fastest in the outer hyer ,  and more slowly 
in the middle one (subcortlcal region). ~ e  temperateses of the basllar regions of the brain differed con.dd~ably 
from ",he two preceding regions. The temperature of the test of the body fell to some extent, but remained Mgh, 
relative to the brain. At the end oi the period of cooling, the brain temperatures (means of I0 determinations) 
were: upper layer (cortex) about 18", middle layer (subcorticaZ) 21.~, while the rectal temperature was 2~'. The 
temperat~e of the base of the brain (mean of 4 experiments) was 24.T. 

TABLE 1 

Changes in Arterial Pressure, Heart R~te, and Respiratory Rata D~tng External Cooling of the Brain 
(temperatures relate to the mid-brain). Means of 9 Experlmen~ 

Cooling pha~  
Brain temperature 

Function " '-- . .  ~. 

Arterial p m ~ e ,  mm Hg 

Heart rate, be~t~ per minute 
Respirations per minute 

37" 

137 

176 
27 

140 

172 
24 

20 �9 25 ) 

114 101 

I ~  134 
|9 

L~o. 

93 

!10 
14 

Rewarmir~ phase 

~5 ~ 30*' 33" 

|.C~ 122 134 

114 I.~ IF~q 
19 18 2:) 

132'/ 



Thus the characteristic feature of our exper|tr~eut: was the considerable temperature difference between 
the brain, and particularly of its upper layerL and r!;,- rezt of the body. 

The ~tme regularity was evident when jugular vein temperatures were measured; rectal temperature 
remained at a high level, as compared with jugular vein temperature. Thus when the rectal temperature war 
38.5" (n~ean of 8 measurements), and the jugular vein temperature was 35.8", before cooling, tilt: corresponding 
te~rtperature~ at the end of the cooling process were 30.9" and 21.8 ~ The length of the cooling procen for these 
experiments was 90 minutes, ~ the average. Return to normal body temperature lasted for 94 minutes. 

Cooling of the head alone was a~sociated with circulatory and respiratory changes. As the temperature 
fell in the brain, there was a gradual fall in arterial pressure, which, however, rose slightly at file beginning of 
the cooling process, when the brain temperature was 35" {Table 1). The mean fall In pressure when mid-brain 
temperatt~e was ~0- was to 67.8% of the initial value {mean of 9 experiments). The heart rate also fell gradual- 
ly, to 62.5% of the initial value when mid-brain temperature was 20". No disturbances of I'.eart rhythm were 
observed during the cooling process. 

The re.~pitatory rate had fallen ~.o about half the Initial value when the mid-brain temperature had fallen 
to 20", amounting on the average to 51.8~ 

Simitat effects were found in the experiments in which jugular vein temperatures were measured (Table 2). 
Slight shivering was noted during the cooling process, 

TABLE 2 

Changes in Arterial Pressure, Heart Rate, and Respiratory Rate During Cooling of the Brain (tem- 
Peratares measured In the jugular vein). Means of 8 Experiments 

" ~ - - ~ . . _  Jugulars vein tempear- 
atut~ 

Ar*~erial pressure, mm Hg 

Heart rate, beats per minute 
Res.pfra~om per minut~ 

Cooling #as. 

145 138 

'20 . 

34- 30 ~ ~,5 ~ 

i'20 104 

t68 I38 
16 13 

2~ 

86 

120 
13 

Rewi~rmlng 
.__.pnas~ 

II0 ] 121 i 1~! 

149 J 174 I 2OO 
16 .'20 _'2"2 

The ri~e in brain temperature after cooling was accompaaled by restoration of normal circulatory and 
respkatory functions. As is evident from Table 1, arterial pressure rose practically to normal (98%, on the 
average) when brain temperavare had risen to an ' .  and in three experiments It was fully restored. 

The heart rate increased rapidly, regaining its initial value when jugular vein temperature had risen to 35" 
{Table 2). Rise in respiratory rate and amp[', tude also accompanied rim In brain temperature. 

It thus appears that the respLratory and circulatory indices studied by us were rapidly and almost completely 
r ~ r e d  to normal after profound cooling of the brain. 

The skin incisions were stitched up after the temperature had returned to normal. The animals were given 
penicillin for a few days after the experiments, : ~ order to prevent infection. 

The can were languid and inactive after the experiments, and lay down in normal attitudes; their sensitivity 
to pain was lo'aered, but ~ey  reacted to sound and light. Their condition was considerably improved by the next 
day, and ~e)" fed spontaneously. More prolonged observation of the animals did not reveal any deviations from 
the normaL 

A hypothermlc state can therefore be achieved by cooling the brain alone, through its external coverings. 
This procedure leads to a fall in both rectal and brain temperatures, but, in view of the direct application of cold 
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to the i:ead, brain temperature falls faster and lower than rectal. We found similar effect, {~] when the brain 
was cooled by extra-corporeal cooling of carotid artery blood. Using fill= procedure, we reduced brain tempera- 
ture to 20*,. when rectal temperature was about 30% When the body as a whole Is cooled, these temperatures 
are practically identical [11]. 

Cooling of the brain is achieved in our experiments by direct loss of heat from the interior of the brain w 
the cranium and scalp. At a result, the superficial parts of the brain, In the first place It, cortex, lose heat faster 
than the underlying parts, so that tu temperatures fails faster, and to a lower value, than in the lower levels. 
Such a differential gradient of temperatures In the brain and tn the whole organism may be very convenlenL 
More intense cooling of the cordc~l regions may lead to rr, ore profound inhibition of function daan in the sub~ 
c~rtical regions and the brain stem. In applying thh procedure to intrathoraclr operations Involving exclusion 
of cardiac activity, for example, the most prof0und inhibition can be achievr tn the cerebral cortex, which It 
the most sensitive to oxygen deficiency, the temperatures aho fall in the lower levels of the brain, although 
to a smaller extent than in the upper ones. An even smaller fall In r~r~peratttre is o~erved In the rectum. This 
may be ascribed to the absence of direct cooling of the trunk. "I~e retention of a fairly high heart rate In the 
presence of profotmd hypothermia ls 'a re.suh 9f the relatively high temperatur, of the trunk, as compared with 
the brain. We found a similar effect when brain cooling was achieved by cooling carotid artery blood [5]. Apart 
from thh, the maintenance of a fairly high body temperature, Including the heart, eliminates ~ e  danger of 
development of ventrlcular fibrillation due to cold, while at a~e same time profound hypothermi,~ of the brain 
Is achieved. This feature may Justify the adoption of thi'- procedure in heart surgery, when it has been further 
investigated experimentally. 

SUMMARY 

The results of experiment, with the isolated over-cooling of cats' brah~ are described. Deep hypotherrnta 
of the brain was achieved by its 0vercooling with the aid of =cold blankets'. During such over-cooling the tem- 
perature of the brain is decreased more rapidly and m~re deeply t_ban recta l  There Is a difference In tempera~ 
ture between the external and internal portions of the brain. Thus, at the termination of over-cooling the tem- 
perature equalled, on the average: in the external layer of the brain (in the cortex) 18"C, in the rnedt~tl layer 
(subcortex) 21.2"C, at the base of the brain 24.7"C and in the rectum 29"C. 

Reduction of the brain temperature is associated with changes in respiration and circulation. The follow- 
ing Incrase of ~e  semi-erasure results in recovery of these functions. Later, no pronounced dlstmbances were 
ob~rved in these animals. 

The method of over-coolh,g of the brain Lhrough the external surface of the head may be used in surgical 
practice.  
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