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Thir teen years ago we demonstrated [1] that our method of chi l l ing and reanimat ion  makes it possible to 
revive a laboratory rat, chi l led to a r ec ta l  temperature  of 0 ~ in spite of prolonged stoppage of the heart  and 

respiration. This work was devoted to the improvement  of methods of reanimation,  the study of the duration of 
c l in i ca l  death during profound hypothermia,  and of the temperature  limits,  as wel l  as a search for methods of a r t i -  
f i c ia l ly  prolonging reversible c l in i ca l  death.  

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

M e t h o d  o f  C h i l l i n g  a n d  R e a n i m a t i o n  

Figure 1 presents a schemat ic  depict ion of our method of chi l l ing and rean imat ion  [4]. Chil l ing was divided 
into three stages. Down to 15 ~ the an imal  is chi l led by the "closed vessel method," with the only hypothermizing 
factors being hypoxia and hypercapnia.  The nonanesthesized an imal  is p laced  in a he rmet ica l ly  sealed vessel at a 
temperature of 0-5~ as a result of the gas exchange of the organism, carbon dioxide accumulates  in the vessel, and 
the par t ia l  pressure of oxygen is lowered. Under these conditions the an ima l  is chi l led  to a rec ta l  temperature of 

15 ~ as a result of the inhibi t ion of thermoregulat ion.  At the second stage, the an ima l  is immersed in a bath with 
water and ice, and its body temperature is rapidly lowered from 15 to 0 ~ As soon as the body temperature  has been 
lowered to 10% there is a to ta l  stoppage of respiration, and then of the heart  as well; c l in ica l  death sets in. If at 
the following, third stage, the animal ,  chi l led to 0 ~, is ent irely immersed in a solution of propylene g lycol  or g lycer in  

possessing a temperature less than 0 ~, the an imal  can be chi l led below the freezing point and brought into a state 
of comple te  supercooling. 

The first stage in rev iva l  is conducted by the joint  ac t ion of microwave diathermy, loca l ized  chief ly in the 
region around the heart, and a r t i f ic ia l  respiration by rhythmic insufflation of air through the nasal openings. After 
heart  ac t iv i ty  has resumed and the first independent respiratory motions have appeared,  at a body temperature  of 
around 15 ~ the second stage of rev iva l  is begun -warming  of the body in warm water (40~ At the last stage (not 
depicted in Fig. 1), the an imal  is p laced  in a dark chamber  with a temperature  of 32 ~ which is essential  on account 
of the insufficiency of thermoregulat ion during the first hours or even day after revival .  

Figure 2 presents the dynamics of the variat ion of cer ta in  indices during reviva l  with the aid of microwave 
diathermy.  On the r ight-hand side of the figure is depicted the topography of the temperature variations during 

warming (recording at 5 rain intervals).  The heart  region is warmed more rapidly ( thermocouple in the esophagus 
at  the level  of the heart).  The abdominaI  temperature rises somewhat more slowly and lags more and more behind. 
The same is also evident  from the lef t -hand side of the figure, which shows, in addition, that from the moment  of 

restoration of the blood circulat ion (ver t ica l  dotted line), in an an imal  revived by warming of the chest cavi ty (dark 

marks), the rec ta l  temperature (triangles) begins to rise considerably more rapidly,  and the rec ta l  temperature 
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Fig. 1. Scheme of method of chilling and reviving. 
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gig. 2. Influence of local wanning by microwave dia-  
thermy in the process of revival [3]. Explanations in 
text. 

approaches the temperature of the heart region (circles). 
This is not observed in a control experiment with warm- 
ing of the body (white marks). The frequency of the 
heartbeat in the revived rat is depicted by crosses (with 
respect to the right-hand ordinate). 

D u r a t i o n  o f  C l i n i c a l  D e a t h  

The permissible bruits of reversible chn ica l  death 
at a body temperature of 0 ~ were investigated in a series of 
comparative experiments on rats-nonhibernating homeo-  
thermal an imals -and  on gophers (Citellus c i te l lus) -  
hibernating rodents. 

The results of renimation are depicted in Fig. 3. 
The blackened portion of the column denotes the percent 
of surviving animals (each column corresponds to a group 
of ten animals, remaining inthe,state of clinical death 
at a body temperature of 0 ~ for a definite time, indicated 
on the x-axis). The portions of the columns with slanted 
shading and cross-hatched portions correspond to the per- 
cent of animals that die during the first day or two to 

three days after revival. The unshaded remainder of the column shows the percentage of animals that could not be 
revived. The data pertaining to the rats show that 100% of the animals can be entirely revived if the period of 
cl inical  death does not exceed 60-70 rain. Prolongation of this period leads to a lowering of the percentage of en-  
tirely revived animals, and this percentage drops to zero in the group of animals that underwent two-hour stoppage of 
circulation. The results of experiments on gophers indicate that in these animals a considerably longer duration of 
cl inical  death can be achieved under the same conditions: 100% of the gophers tolerate three-hour clinical  death, 
while after 8.5 h, 50% of the animals can be entirely revived. Temporary revival is possible in most of the gophers 
even after seven hours. 

The ability to withstand chilling of the body to 0" for a prolonged period is also noted in the golden hamster, 
although the bruits of this tolerance have not been exactly determined. Hence, we believe that the ability to 
tolerate clinical death for a prolonged period (three hours or more without blood circulation) is a property of hiber- 
nating animals. However, it should be emphasized that revival requires artificial reanimation: under natural con- 
ditions there is no spontaneous emergence from the state of prolonged clinical death. 
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Fig. 3. Revival of rats (I) and gophers (II) as a func- 

tion of the duration of c l in i ca l  death at a body t e m -  
perature of 0 ~ Explanation in text. 
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Fig. 4. Revival of white rats before and 
after "condit ioning" (repeated chi l l ing 
to 0") as a function of the duration of 

c l in i ca l  death. Ordinate) percentage of 
ent i re ly  revived rats; abscissa) duration 
of c l i n i c a l d e a t h .  White circles) con-  
t ro l ra t s  (first chil l ing);  b lack  circles 
"condit ioned" rats (after 5-7 p r e l im in -  

ary chillings).  Numbers next to the 

circles) number of exper imenta l  an i -  
mals.  Upper curve in the  corner: t ime  
(in days) required for restoration of in-  
i t i a l  weight after revival  (ordinate) as a 

function of the number of pre l iminary  

chill ings (abscissa) [2]. 

Investigating the changes in brain metabol ism dur- 
ing c l in i ca l  death, we began a study of the mechanisms 
responsible for the to lerance to c l i n i ca l  death of the gopher 

as a hibernating animal .  

Let us emphasize  especia l ly  that the results that we 
have reported thus far pertain to gophers that were used in 
the exper iment  outside the season of their winter sleep.  
Our latest  experiments with gophers during hibernat ion 

show that the physiologica l  changes that occur in connec -  
t ion with the transit ion of the animals into the state of 
hibernat ion do not lead to any increase in the resistance 
of these animals to c l i n i c a l  death.  On the contrary, two 
exper iments  (on seven and ten animals) in which the 

animals were chi l led to 0 ~ during the sleeping state at  a 
body temperature  of  about 10 ~ (series I) or were awakened 

from hibernation by a r t i f i c i a l  warming, and were not sub- 
jec ted  to chi l l ing to 0 ~ the following day (series II) in -  
dicate  a substantial reduction of the percentage of artimals 

surviving after four-hour c l in ica l  death at a body t empera -  
ture of 0 ~ comparison with the corresponding group of 
summer gophers (see Fig. 3). In each series of experiments  
on animals in a state of hibernation, only one survived. 

Hence, although it  may be assumed that the great ly 

increased resistance of the gopher to c l in ica l  death is 
somewhat related to the pecul iar i t ies  of the state of h iber -  
nation, the seasonal phys io logica l  changes that make  the 
onset of this state possible do not promote resistance.  

A r t i f i c i a l  P r o l o n g a t i o n  o f  t h e  P e r i o d  o f  

R e v e r s i b l e  C l i n i c a l  D e a t h  

Having established the l imits of the duration of 
c l in ica l  death in rabbits and gophers, we a t t empted  to pro-  
long this period exper imenta l ly .  The only method that 
gave posit ive results was repeated pre l iminary  chil l ing to 
0~ moreover,  the animals were left  each t ime  in the state 

of c l in ica l  death for a definite period. The posit ive in-  
f luence of such "condit ioning" was demonstrated by ou~ 
previous, although few, experiments on rats [2]. This 
t ime  we conducted a series of such experiments  on  appro-  

x ima te ly  120 white rats. 

Figure 4 presents the result~ of rev iva l  (after  a de -  

finite period of stoppage of blood c i rcula t ion at  a body 
temperature  of 09 of control  animals chi l led for the first 

t ime and of rats in which c l in ica l  death of a given duration was induced after 5 to 7 pre l iminary chil l ings to 0 ~ 
The first three times, these animals  remained in a state of c l i n i ca l  death for 30 rain, and each subsequent t ime  re -  

v i r a l  was not begun unti l  an hour after stoppage of the heart.  The chi l l ing was conducted at 6-day intervals.  

As can be seen from Fig. 4, pre l iminar i ly  "adapted" animals  proved more resistant. About one third of these 
animals  tolerated even two-hour c l in ica l  death. If we compare the results obtained with data on the duration of 
c l in ica l  death after which 50% of the animals survived, we can conclude that "condit ioning" increases the to lerance 
by 140% (only those animals that were ent i re ly  revived were considered in the calcula t ion) .  
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Experiments with "hardening" of gophers by prel iminary repeated chillings to 0 ~ (four-hour c l in i ca l  death each 
t ime was a l ternated with s ix-day intervals between individual  chillings) showed that in these animals the periods 
of reversible c l in ica l  death can also be prolonged by this method.  After four pre l iminary chill ings and revivings, 
the gophers could be ent i rely revived (five times) even after c l in ica l  death lasting seven hours at a body tempera-  
ture of 0 ~ This is the longest period of reversible c l in i ca l  death that we have achieved in animals.  

The mechanism of "adapta t ion,"  w h i c h  increases the tolerance to Clinical  death, i s  s t i l lunknown, and wil l  
be the subject of our further investigations. However, we should emphasize that in our experiments on rats pre-  
l iminary adapta t ion of the animals to hypoxia ,  during which they were daily subjected to a lowering of the baro-  
metr ic  pressure (~raising" in a pressure chamber  to an "al t i tude" of 8000 meters) did not increase the resistance of 
the animals to stoppage of blood c i rcula t ion at  a body temperature of 0 ~ Negative results were also given by pre -  
l iminary daily (for 15 days) chi l l ing of the animals to 15 ~ without c l in ica l  death. 

L I T E R A T U R E  C I T E D  

1. R.K.  Andzhus, Glas Srpske Akad. Nauka, No. 200 (1951), p. 249. 
2. R.K.  Andjus, J. Physiol. (London) 128 (1955), p. 547. 

3. R.K.  Andjus and J. E. Lovelock, Ibid., p. 541. 
4. R.K. Andjus, In the book: The  Physiology of Induced Hypothermia.  Washington (1956), p. 129. 
5. A . U .  Smith, Biological  Effects of Freezing and Supercooling, London (1961). 

1012 


