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The foundations of the study of deep hypothermia in mammals  were laid by investigations conducted on small 
animals (marmots. hamsters, rats). Their results demomtrated convincingly that the body temperature of these ani- 
mals could be lowered artificially to 0-5 ~ and even to below zero for a period of 1-2 h, after which all their vitat 
functions could be restored merely by warming [5, 7, 8, 14, 15]. Reports were first published in 1952 [10] showing 
that the hear~ could be excluded from the circulation during deep hypothermia in higher, warm-blooded animah. 
Various authors [11.12] have succeeded by the use of an extracorporeal circulation incorporation a perfusinn appara- 
tus and a special temperature-reguiating device, in lowering the body temperature of dogs to 1-3" and, after exclud- 
hag the heart for 45-60 min, restoring the animals to life. Other workers have desckibed their exp~imenta l  and clin- 
ical observations in this direction [1, 3, 4, 6, 9, 13, 18]. 

The object of the present investigation was to attempt to restore the vi tal  functions of dogs after long periods 
of clinical death from acute blood loss under deep hypomermia and to evaluate the factors hindering and facilitating 
this process. 

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

Experiments were conducted on 3t dog~, Before the experimen~ the animals received a subcutaneous injection 
of ~r/o pantopon solution in a dose of 0.1 mg/kg body weight. Heparin was used as blood stabilizer. Before the begin- 
ning of cooling, a 0.2% solution of nembutal was given at intervals by intravenous drip undl "cold anesthesia" super- 
vened. The animals were cooled in a bath of ice. As the body temperatuze fell and b.-eath~ng wa~ dhturbed,arr.i- 
fieial respiration was applied; should fibrillation arise it was controlled by single electric puhe~; electrical stimula- 
tion of the heart was used in case of asystole. When the rectal temperature reached 20-23" bleeding was started from 
the femoral artery, and continued until the onse~ of clinical death. CIinfcal death lasted 2 h. Res~citadon was car- 
ried out by mear~ of in~ra-arterial blood vranffu~ion in conjunction ~dth mechapdca artificial ~espLration, defibrilla- 
tion, and electrical stimulation of the hearL To bring the animals out of  ~ e  state of hyp0thermia, besides the gen- 
eral application of heat, an artificial circulation was provided by injecting, warm. aeerated blood cen~ipe~alIy into 
the femoral artery and withdrawing blood at the ~ame time from the femoral or juguiar vein, Active heating was 
discontinued when the body temperature reached 32 ~ The bio~:d for injection wa~ oxygerlated by means of the oxy~ 
genator of a perfu~ion apparatus. In some experimen~ venous blood obtained from the experimental animal wa~ 
injected into a donor fcr the p~rp~e of oxygenar.ion. In the reco'~eC~ pezizd exch,~nge transfil~ion was performed on 
some of the anlmah by the method of O. S. G!ozm~n and A. P. Ka~atkina [2]. The ECG was recorded rhrough0ut 
the experiment. 

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

A~ the body -:empe~at~e fell th~ f~r~ions of ~he re~ ,~ ,~ i~  ~:d c~:c~,~t~en we~'e cor~d~,~bl)' ~-:-odified. ~e~ 

P " ~;3 . . . . . . . . . . . . .  
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{or ~ frequently,  lowering) of the T wave on the 2CC-. At a body temperature of 26o2i ~ single or grouped extra-  
systoles developed in 12 of the 31 animals ,  changing to ventricular f ibr i l la t ion.  The f ibr i l la t ion during cool ing lasted 
for be tween 30 sec and 25 rain. At a low body temperature ,  if ventr icular  f ibri l lat ion arose i t  was diff icul t  to c o n -  

t ro l  ~ t rea tment .  For imtance,  in 8 of  12 dogs permanent  control of  f ibr i l la t ion could not be main ta ined  during 
coa t ing  and bleeding was started in associat ion with per iodic  bouts of  ventr icular  f ibr i l la t ion.  In 16 dogs f ibr i l la t ion 
did ~ develop during cool ing,  and in 4 i t  was observed during exsanguination. In 2 of the 16 dogs a~,smle  was 

rec.~rded during exsanguinafion. 

With anesthesia of adequate depth, cooling took place mor e rapidly and fibrillation was less common. Of the 
20 g~gs whose body temperature  was lowered to 23-21" over a period of 1-2 h, only 6 developed fibr-illation. When 
the ~:~<ty temperature  was lowered more slowly - over 2-5  h - 6 of the 11 animals developed f ibr i l la t ion.  

The cruet  of f ibr i l la t ion was accompanied  by respiratory disturbances, and ar t i f ic ia l  respirat ion had to be ap-  
plie~L This was also done in connection with some of the animals which did not f ibr i l la te ,  but which deve loped  
r o s e ,  tory disturbances during cooling. The t imely  appl ica t ion  of ar t i f ic ia l  respiration prevented the  deve lopment  
o f  ~eat r icular  f ibr i l la t ion during cooling.  This agrees with observations made by several other workers [16, 17]. 

At  the b e g i ~ i n g  of bleeding the body tempera ture  of the animals  fel l  to 23-20*. The period of  deve lopmen t  
of d J n i c a I  death lasted for between 4 and 42 rain. As bleeding continued and the temperature  fetI ,  b e  disturbances 
o f  au tomat i sm and conduction in the heart  progressed. The te rminal  ac t iv i ty  of the heart  usually ended in f ib r i l l a -  
from In rarer cases slow, monophasic eomplexes  of  Io.w ampl i tude  could be observed for an hour after  the onset of  
d f . ~ c a l  death .  At  the beginning of the period of  ac t ive  resuscitat ion the body temperature of  the animals  was 

"/.5,-13 ~ 

t~eause  of differenees in the technique of restoration of  the card iac  act ivi ty ,  for the part  of  the experimens 

co~er ing the resusci tat ion period the animals  were divided into two groups, 

In the f'trst group (23 dogs) the venous system was drained during perfusion from the femora l  veto  and the first 
in=m-artemial transfusion conshted of the blood taken from the an imal  during exsanguination. In the animals  of the 
see~-~,d group (8 dogs) cont inuers  perfusion was mainta ined  by in t ra -a r te r ia l  inject ion of fresh donor 's  btood from 2 
bo~mles, and blood was withdrawn during perftmion f rom the jugula :  vein. mood, taken from the exper imenta I  animals  

flt~_m~ g exsanguination,  was not subsequently re in jec ted .  

In the animals  of both groups, in t ra -a r te r ia l  blood transfusion led after 2-6 rain to reappearance  of  the o leo-  
ac t iv i ty  of  the heart ,  in the form of f ibri l lary low-ampl i tude  oscillati.ons of slow rhythm. An increase in the 

frequency of  the f ibri l lary osc i l la t iom to 300-400 /min  and an increase in their ampl i tude  to 0.5 mV were signs of 
the  restoration of  myocard ia l  function and of the possibili ty of effect ive  defibri l lat ion.  The first ca rd iac  contrac-  
t [ o ~  in 13 of the 23 dogs of the first group appeared after in tervah of 2.5-12 min at 12- I8  ~, Per iodic  inte~uptions 
of  Ene caxdiae ac t iv i ty  ob~e~ed after restoration of the first contxactions were caused ei ther  by the onset of f ib r i l l a -  
tiem or the deve lopment  of par t ia l  or comple te  atr ioventr icular  block,  for which def ibr i l la t ion or e Iec t r i ca l  s t imula-  

tgcn o f  the heart  was necessazy. 

At  this period de lay  in the in i t ia l  part of the ventr icular  complex was observed, together with distortions of 
it~ _~,hhape as a resuh of a transverse btock of  the right or lef t  branch of the bundle of His. Conduct ion in the te rminal  

b~nches  of the conducting system was tuually dis robed .  

S ~ b l e  card iac  act ivi ty  was restored quickly (af ter  150 see) in onty one dog, and in the other an imals  th~  took 
p ~  later  (after  12-72 min ) ,  after repea ted  def ibr i l la t ion and e l ec t r i ca l  ~timulation, while in two eases d k e c t  
~ d i a e  massage had to be used. Comple te  restoration of pacemaker  act ivi ty  took p lace  in most an imals  when the 
l ~ i - ]  temperature  had t hen  to 2 , ~ - ~  at the 4O~h-7Oth minute  of ecol ing.  For a long period after re::~oration of 

paeemakex  act iv i ty  dhtu~bances of c~>nd,.mtion were observed in the myoeardium ~f  the ~ight v e l a r ! d e  ( a deep,  

w,,~e S wave). 

During rez~scitz~ion and reeevezy fcom deep h?~c..he~m!x tb~ animalz r e t e ived  ~d,.,enalin m ~eng t ;he~  the 
. . . . . . . .  . " " " ~ . . e  w ~ s  e x  ~ ~ n g  f~Lrzhzt<.:': 7..<, to c,-h"-,,',~,,,.5, i~ ~om we.~x i~::o ~e:ive,  t.,~ r:~e.~t of the reT~v'm2 dog3 ~he va.~cO; 2,c ~ a  

t z . ~ e 2 y  unstable ">:..'.: - ::'.e ri~cove U ?e::.ea0 ~,':a ~i:.,?~-? R-actu:~<.c<~ ef az~+.rial }:,,:::m~e v:~-z:e o?:.:: ':::.ad, while s o ~ .  

d c ~  d.eveleped ,~1~ ' ;  ..... < -~-.:~ blzck, Th,::.: ~'~n:,r,~:;h w J . e  ~ .  ,<'. . . . . . . . . . . . . . . . .  
z:}2e:k.,;'~,,",e ...... ~ : ' ~ - '  "" e~e [OIY~ �9 r Of " gL:,.:..;fe) ;-', :> 

o f  d.me (fo~ 2.-3 h), a.~:~ i~ one c~,~-; fc,:r about 24 h). Wk,'~n n~:c>~..,: ' ~7  t'~" he,~.~t w~3 ~,~. ..... i,..;.~., e~. . . . . . . . .  II;., 
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In the remaining 10 dogs of the first group the cardiac activity could not be restored on ~ccount of acute dila- 
tation of the heart from faulty perfusion, and weak ventricular fibrillation persisted. In the later stages of resuscita- 
~on, besides intra-arterial injections, all these dogs received direct or indirect cardiac massage. It must be pointed 
out that in some of the animals of this group difficulty in stopping fibrillation was caused not only be acute dilatation 
of the heart, but atso be the fact that overheated blood was used for perfusion, and this caused a thermal 'contracture 
of the heart muscle and tbxombosis of the auricles of the atria, The resuscitated animals recovered their respiration 
after intervals of 20-57 min at 18-27~ in some dogs breathing returned while the heart was stiI1 fibrillating. The 
corneal reflexes were restored after intervals of between 57 min and 3 h 32 rain at 26-33,2". Of the 13 resuscitated 
dogs, 5 remained alive, of which three outwardly appeared to have recovered completely after periods varying from 
12 days to 3 months, and two showed cerebeItar dis~r~lers before sacrifice 4-5 months and 1 year 3 months 10 days 
respectively after clinical death. Seven of the remMNng 8 resuscitated dogs died 1-2 days after the beginning of 
resuscitation. At necropsy of these anima!s marked engorgement of the venous system was observed, with multiple 
and, in some cases, extensive hemorrhages into the heart muscle and o~e r  organs. Some animals showed pulmonary 
edema and degenerative changes in the liver and kidneys (N. P. Romanova). 

The experiments with the first group of animals disclosed a number of factors hindering resuscitation. These 
included prolonged cooling of the a n i m a l  and faulty anesthesia, leading to the more frequent deveiopment of ven-  
a'icular fibrillation; acute dilatation of the heart, mainta in~g weak ventricular fibrillation, difficul't to control; and 
in some cases asystole, which developed at the beginning of resuscitation when the venous outflow was insufficient 
during perfusion; the use of inadequately aerated, overheated, or too cold blood for perfusion of the heart during resus- 
citation; or faulty perfusion technique during resuscitation, leading to long periods of depression of the arterial pres- 
sure below the critical level(60 mm). 

Severe hemodynamic disturbances in the ;cita ted dogs during the recovery period, and severe metabolic 
acidosis continuing for several hours (according to O. N. B~anova) during recovery from hypothermia atso delayed 
the subsequent course of resuscitation and led to seriou~ ab~rmal i t i es  of the internal organs and brain. 

The object of the experiments with the animals of the second group was to overcome these factors by the more 
active withdrawal of blood from the venous system d~ing resuscitation, the provision of continuous transfiasion, the 
intra-atterial injection Of fresh donor's blood, and the use of exchange transfnsion in the later stages, 

In all 8 dogs of this group~ as in the animals of the first grou p, at the beginning of resuscitation ventricular 
fibrillation developed. In 7 dogs the first active con~actions appeared after intervals of between 4 and 9 rain at 
13.5-16". In these animals, in contrast to the animals of the first group, b ~ k  fibril!at[on developed, and this was 
easily and quickly removed. In 3 of the 7 dogs etec~icat  stimulation was used together with defibrillation. The 
arterialpres~ure in 5 of the ? animal~ of thi~ group was maintained above the critical level du~ing perfusion, i,e,i 
until the cardia activity had been petmanentl~ restored, whicfl took place after 8-35 rain. Indirect cardiac massage 
had to be applied to one of these dogs. The vascular tone in mo~t of the animals was stable after permanent restore- 
tion of the cardiac activity 40-60 rain after the beginning of resusei~tion. The general coa.~e of the ECG changes 
ha the recovery period was similar to ~hat ob~erced in the animals of the first group, although the normal ECG was 
restored sooner and at a lower temperature. 

Respiration was restored in 7 of the 8 dcg~ of this group after 1%38 rain at 18-23.5", and in one dog of the 
98~h minute of resuscitation at 33.2". The co;neat reflexes were restored after 36-76 rain at 21.5-32,4 ~ 

In order to speed up the subseq~.en~ re~s;ehation ef  ~e  animals, aRer their normal vascular tone had become 
restored 70-81) rain after the beginning of resuscha~ien e• tra~fu-s~ea wa~ performed in 6 of the 8 dogs. Com~ 
plete r ecove r /o f  the vi~.at functions took place in5 ~f uhe 8 dogs aRer ia~erva~ of between 4 days and 1 month 7 
days; in a!l the~e ~nima!s resuscitation began M~h peffu.~ion of ~e~h donor's btocd and in 3 animals exchange trans- 
fusion was a1~o ~:rformed. 

Tbxee of the ~esusci~ted dc.gs died on t~'e. 1;~ .ned 2nd day~ one f;om hemotho~• and two from cardiac weak- 
r~eas. Dea:h of 2 aa~;maI~ of ~]~e ~ecoi~ gro~:? v s  evi;Ien~ly ear:red by se,.'e~e hypoxia, ~r-i~ing d~ing the first 40 
m~.. of resu~ci:,~;~ien es ,~ re:utt of a fau~ U ?..~ri'~e~ .~r e, in a~see% r~c~ with aqe rising t e m p e r . ~ e .  The low 
!eve~ of ~i:~ a~::eriaI p~e:;-~:.:e, al~eri~,:~.~o?, c,.f ;i~;:i}~.~oa wi~h ~ i c d ~  of ~}::~?le, and di~mrba~ce~ o~" ehe cerd~ac 

~ e v . ~ , . ~ .  change~ in the hea.rL wNch were th~ immedia~  

e~u~e of death ef ~he an/ma1~ ~s ~ reau!~ oi" ma.;;ive kem~xha.ge~ ~n~o the i.ntemal organs; 

1~08 



Comparison of the results of the experiments with the two groups of animals shows that the better the perfusion 
technique in the initial stages of resuscitation, the more ea:.~ity the cardiac activity is restored, 

Exchange blood transfusion hastens the subsequent course of recovery, It may be assumed that a faster cooling 
technique, the correct choice of anesthetic, and perfection of the perfusion technique durLng resuscitation wit1 con- 
tribute towards the prevention of the complications arising during resuscitation and the recovery period, and ~bereby 
enable resuscitation to be successful even after periods of clinical death exceeding 2 h in duration, 

S U M M A R Y  

The body temperature was reduced in dogs to 7-13~ by general cooling of the body. The first experimental 
series demonstrated tl~at with the aid of deep hypothermia in a number of animah (in .5 of 23) it was possibte to p t ~  
long to 2 hours the period of clinical death from acute blood toss wkh subsequent complete restoration of the vital 
functions. However, the majority of ~he animals of this group either could not be revived at all or died 1 to 2 days 
after the experiment. 

Imperfect perfusion during revival, leading to actue dilatation of the heart, marked hemodynamic disturbances 
occurring during th e restoration, period in the revived dogs, and severe metabolic acidoses, tasting hours during the 
period of recovery from hypothermia, i~Hbked subsequent restitution, leading to severe changes in the int~=nal organs 
and the brain, 

Control of the aforementioned factors, as well as in~ra-ar~erial infusion of fresh donor's blood and exchange 
transfusion, employed during the later stages of revival, promoted a more rapid and comp!ete restoration of the vital 
functions in the 2nd group of animals, All 8 dogs of thh group were revived, complete restoration, of the vitat flmc- 
tions being achieved in 5 animah. 
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