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The National Research Council was established by the 

National Academy of Sciences in 1916 to associate the 
broad community of science and technology with the 

Academy's purposes of furthering knowledge �nd of ad
vising the f ederal government . The Council operates in 
accordance with genera l policies determined by the 
Academy under the authority of its congressional charter 

of 1863 , which establishe s the Academy as a private, 
nonprofit , self-governing membership corporation. The 
Council has become the principal operating agency of 

both the National Academy of Sciences and the National 
Academy of Engine ering in the conduct of their services 
to the government, the public , and the scientific and 

e ngineering communitie s .  It is administered jointly by 
both Academies and the Institute of Medicine. The 
National Academy of Engineering and the Institute of 

Medicine were e stablished in 1964 and 197 0 , 
respective ly , under the cha rter of the Nationa l Academy 
of Sciences . 

This report was support ed by funds from the Department 
of Defense to the Polar Research Board under Contract 
No. DAMD-8 1- C- 10 12 . 

Copies available from 

Po lar Research Board 
2101 Constitution Avenue , N.w.  

Washington, D .C . 2 0418 
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Preface 

To guide the evolution of u. s. polar research duri ng 
the next two decade s , the Po lar Re search Board i s  issuing 
a series of reports on research needs and strategie s .  
Studies i n  the series deal with , for example , marine eco
systems , the upper atmosphere and near-earth space , snow 
and ice , permafrost , c limate , a nd biomedical research . 

The study on polar biomedical research was undertaken 
by the Ad Hoc Committee on Po lar Biomedical Research , 
chaired by Chester M .  Pierce . Its obj ectives were to 
examine and summari ze current knowledge of the medical 
a spects of lif e  in polar regions and to consider 
research needs in relation to the expected increase in 
human populations in these areas as a result of growing 
economic , scientific , and military activities . 

This Appendix to the report of the Ccmmittee reviews 
the current leve l of understanding in polar biomedic ine , 
l ists more than 7 0 0  ref erence s , and provide s background 
for the discussion, conc lusions , and recomme ndations in 
the Committee ' s report . The Committee believes that it 
wil l  be a useful resource for admini strators , 
researchers , providers of health care services , and 
others concerned with human health in polar regions . 

The author wishe s to express his appreciation to the 
fol lowing , whose encouragement and suggestions assisted 
greatly in the preparation of the manuscript : Arreed 
Barabas z, Lawrence Cohn, Je ffrey Grossman, Murray Hamlet , 
John Hedl ey-Whyte , Charle s Houston , Che ster M . Pierce , 
Michae l Popkin, Je an Riviolier , O .  Schaefer , anc1 W .T .  
Hushen and Ruth Siple of the Polar Research Board staff . 
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Introduction 

Thi s Appendix wa s  developed as background for the 
study of the Ad Hoc Committee on Po lar Biomedical 
Research , wh ich presents rec ommendations to guide the 
evolution of thi s  f ield over the next two decades . Th e 
information reviewed comes from the literature publi she� 
in English s ince 1940 . 

In developing its report , Po lar Biomedical 
Re search : An Assessment , the Conmi ttee read thoroughly 
but not exhaustively . It consciously avoided 
studies based on experimental animals , studies of basic 
phy siology , especial ly on the cellular , tissue , or organ 
level , and epidemiologic surveys of po lar populations . 

It , of course ,  gave spec ial attention to studies under
taken in polar zone s .  Most of the work cited was done 
when experimental design and data manipulation were not 
as rigorous a s  they are today� thus , conclusions based 
on th e earlier work often have to be carefully 
evaluated .  The Committee did not try to reconcile 
conf licting data, leaving that task for others with 
greater expertise . 

Th e Committee hopes that this summary wi ll serve as 
an introduction to the literature for those working in 
polar biomedical research and that it will also provide 
the reader with additional details and per spective on 

the discussion and recommendations in the main report . 

-1-
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Nutrition 

A .  Basal requirements 

Early calculations7 2 2  suggested a n  inverse linear 
correlation between environmental temperature and 
calori c needs . At - 290 , baseline intake was estimated 
to be 5000 kcal/day . Subsequent studies conducted in 
polar regionsl-6 showed that caloric nee ds are the 
same as those in temperate and tropical zones- -30 0 0-360 0 
kc al/day for average activity . There probably is a 2\ 
to 5\ i ncrease in needs because of the extra weight of 
heavy c lothing , 7 , 8 and the muscular work of shivering 
incre ases calori c requirements . 9 Partition of 
calories to include a bedtime snack probably leads to 
h i gh er rectal and toe temperature s and hetter sleep 
during the night . lO Th e  composition of the ideal 

diet is identical to a standard mi litary diet ( 1 5\ 

protein, 3 5\ fat , SO \ carbohydrate ) . ll  Th ere i s  
experimental evi dence that h i gh fat and high carbo
hydrate diets may improve heat conservation and 
psych omotor function in the cold . l2 , 13 Lower leve ls 
of serum a scorbic acid have been noted in men working 
outdoors , l4 , 15 but dietary supfle�entation ( one gram 
a day) did not improve health . 6 Th us ,  no needs above 
the USFDA recommended minimum dai ly requirement s  of 
vitamins and minerals have been documentea . l7 Studies 
of ba sal water balance have not been reported . 

Note :  Al l  temperature s expressed using Cel sius scale. 

- 2-
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B .  Requirements during work 

Under field conditions diet planning is especially 
important . Agai n ,  caloric needs are related to activity 
and are not significantly greater than those of men in 
temperate zones . lB Th us, for minimal activity , 1500 
cal/m2/day are require d at -10° and 2000 cal/m2; 
day are needed at an ambient temperature of -3 oo . l8 

During heavy work in subarctic c limate s ,  needs as high 
as 6600 cal/day have been recorded. l l , l9-24 Since 
negative calorie balance leads to lower rectal tempera

tures , 2 5  adequate calori c  intake i s  critica l .  Even 
when enough calories are provided , however , there may 
be loss of fat and increase of muscle due to the condi
tioning effects of exerc ise . 2 0 , 2 2  There may also be 
a loss of body weight of 1-3 kg due to dehydration . 2 2 , 
2 6 , 2 7 

c. Changes duri ng starvation 

During semi starvation ( insufficient caloric intake ) 
several changes ensue . There i s  rapid weight loss ( 8 \ 
in 5 dayslB and 12 \ in 14 days2 5 ) of which 10\ 
represents loss of muscle , 4 0\ loss of fat , and S O\ 
loss of fluid. l8 , 2 8  This f luid loss may repre sent as 
much as 1 5\ of th e extracellular fluid volume , and 
tachycardia and hypotension can develop . lB Water 
supplementation does not reverse this fluid loss , but 
sodium supplementation ( 10 0 mEq/day ) doe s . 2 9-3 1 

Carbohydrate and bicarbonate supplements may counter 
the ketosis of starvation, but a h igh fat and high 
protein diet does not . 3 1 Specific menus for a trail 
diet3 2 and emergency rations3 3  h ave been proposed . 

- 3-
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Physiologic Changes during Polar Life 

As people acclimatize to polar zone s ,  environmenta l 
stresses evoke predictable changes in physiologic 
value s .  Although these a lterations vary in magnitude 
among individuals , they are seen to some degre e in most 
person s . Thus ,  the new level s  probably represent the 
" normal" ( or expected) value s for men in these situa
tions . The following cha nges have been e lucidated .  
Many others probably exist . 

A .  Immediate re§eonse s 

There are f ew report s of changes occurring soon 
after arrival in polar zone s .  Bly de scribes diuresi s; 
hemoconcentration; eosinopenia ;  lymphopenia ; and eleva
t ions of serum urate , phosphate , and potas sium . 3 4  

Ca techolamine excretion increases sharply. 3 5  On 
arrival at high alt itudes ,  minute venti lation and alve o
lar venti lation increase and dead space decrease s . 3 6  

Erythropoietin levels i n  serum and urine ri se . 3 7  

Stage 3 ,  stage 4 ,  and REM sleep de crease , and stage 1 

and stage 2 sleep increase . 3 8  

B .  Long-term responses 

Most investigators have studied later changes .  
Blood pre ssure may drop , l5 , 3 9-41 but the drop is un
re lated to changes in weight . 4 2 In one Antarc tic 
study , the nadir of systol ic pressure wa s 97 mm Hg i n  
October . 3 9  Diastolic pre ssure may also fall t o  68 mm 

Hg in September . 41 Data from other stations did not 
corroborate thi s ,  however . 3 6 , 4 3 , 4 4  Th e  radial pulse 
slows to a range of 5 6-6 0  beat s/minute in December 

( Antarc tica3 9 , 4 2 ) .  The mean oral temperature was 

-4-
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3 6 . 10 and showed no consistent seasonal chanqe . 4 2 

Rectal temperature may remain unchanqe�l , 4 5  or may 
fall . 4 0  Body weiqht vari es with activity , 2 6 , 2 7 , 4 2 , 
46 but overall increases 1 . 5-3 . 0 kq/year . 2 6 , 2 7 , 4 3 ,  
46-4 8 Da ta from a base where persons were active all 
year showed no seasonal vari ation of body weiqht . 2 0 

Chanqes in subscapular skinfold thickness paralleled 
chanqes in body wei ght after an initial decline , 2 7 , 41 ,  
42 probably due t o  physical conditioninq . 4 7 Th e  
basal metabolic rate shows no variation. 4 9-51 

Sebum production i s  decreased , probably due to 
i nhibitory effects of cold , wind , and decreased ultra
violet irradiation . 5 2 Pa lmar sweat qland activity 
decre ases duri nq the winter . 5 3  Nails may qrow more 
slowly in the cold,  possibly because of decreased blood 
f low. 5 4  Others have found normal qrowth rates. S S  

Persons livi nq a t  th e  South Pole have shown the 
i ncreases in forc ed expiratory flow rate , FEV1 , MVV, 
and minute ventilatio n .  They have shown de creases in 
dead space , and the hypoxia , hypocapnia , and mild alka
losis associated with hiqh a ltitude s .  Tidal volume , 
alveolar ventilation, and FVC are unchanqed . 3 6  Some 
persons qradual ly developed right axi s  deviation . 3 6  

Rhinorrhea also occurs durinq work in the cold.  It i s  
due t o  condensation o f  water vapor a s  wa rm  humid air i s  
exhaled throuqh the cold nasopharynx . 5 6  

Elevation s o f  hematocrit have been seen i n  person s 
re sidinq at hiqh altitudes . 3 6, 5 7  Decreases in neutro
phi ls , 5 8  eosinophils , and monocytes439 have been 
reported . Hemoqlobin electrophoresis is unchanqed . 3 6  

Th e  whol e-blood clottinq time has i ncreased t o  a peak i n  

September o r  October ( Antarct ica3 9 , 5 9 ) .  The prothrom
bin time may increase . 

Seasonal variations i n  PBI , Sl thyroid hormone , 
cortisol , and qrowth hormone6 1 , 6 2 have not been shown . 
There may be decrea sed tolerance to an oral qlucose load 
duri nq the winter . 6 2 , 6 3  Catecholamine excretion i s  
increased duri nq the cold months . 3 5 , 64 The circ adian 
pattern of 17-hydroxycorticosteroid excretion depends on 
dai ly activity patterns . 64 

Al thouqh mean duration of s leep is  unchanqed , 6 5 , 6 6  

sleep onset latency i ncreases and the percent o f  REM 
sleep decreases . There is proqressive loss of staqe 4 

s leep and diminution of staqe 3 sleep . 6 7  

Many have observed a relative freedom from upper 
re spiratory tract infections durinq i solation .  Cameron 
prospectively studied a qroup of winter-over personnel 

-s-
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at Mawson Station. 6 8  There were n o  colds during the 
period of i solation , but a few men developed mild cold s  
following contact with visitors . When the men returned 
to civi lization, most had severe cold s . 6 9  The signif
icance of these findi ngs i s  unclear ,  however , becaus e 
Al len documented an outbreak of colds after 17 weeks of 

i solation . 7 0 Staphlococcus and streptococcus persist 
in the nose and throat7 1  and mycoplasm in the genito
urinary tract . 7 2  Under the se crowded conditions 
viruses are easily spread . 7 3 Thus, a reduced number 
of colds is probably a manifestation of immunity to 
i ndigenous organi sms and lack of exposure to new 
strains . The more severe colds on return suggest s 
impaired immune function. Ho lmes c laims that nasal 
immunoglobulin G concentration is reduced at the end of 
the period of isolation and that i nnoculation with 
rhinovirus RV2 produce s  more severe colds in 
Antarc tica. 7 4  Leve l s  of serum immunoglobuli ns ( IgG 
and lgM) fall duri ng the winter . 7 5 Lund , on the other 
hand, found no change in serum immunoglobulin E or 
reactivity of skin tests to common al lergens. 76 

Serum total cholesterol has shown no change3 9, 7 7  

and a peak i n  September ( Antarctica5 9 ) .  During the 
winter , beta-l ipoprotein cholesterol may incre ase a s  
alpha-l ipoprotein cholesterol fall s .  S ledging reverses 

these changes . 7 7 Phosph olipid s, tri glycerides , and 
cholesterol esters are unchanged . 7 7  

c .  Adaptive re�onses ( acclimatizatio n )  

Although well e stabli shed i n  experimental animals,  
acclimati zation of man to cold environment s i s  a contro
ver sial i ssue . Anecdotal evidence suggests that it does 
occur . Researchers have attempted to address thi s 
problem by studying Au stralian abori gines, 7 5-8 0  

Bantus , 81 , 8 2 Ka lahari bushmen , BJ-8 5 Gaspe f isher
men, 8 6 , 8 7 Lapps , B B-9 0 Es kimos , B4 , 91-10 8  Korean 
diving women, l 0 9, 1 10 and other populations assumed to 
be adapted to cold . These groups demonstrate two type s 
of re sponses to a cold stre ss . Populations Ruch as 
Australian aborigines maintain metabolic rates at basa l 
leve l s ,  thus skin and core temperature fal l .  Other 
people (Caucasians , Eskimos , Lapps ) i ncrease thei r  
metabolic rate t o  maintain rectal and skin temperature s 
near norma l .  Although such differences have bee n  
documented , it i s  difficult t o  b e  certain they repre sent 
physiologic adaptation rather than cultural difference s . 

-6-
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others8 , 111-1 18 have studied changes during 
experimental c old exposure . The data are conf licting , 
but it seems that following generalized cold exposure , 
rectal temperature ri sesll2 , 1 14 and skin temperature 
drops below control level s .  Duri ng the subsequent day s ,  
skin temperature rises , l l4 , 116 , l l9 rectal temperature 
may fallll3 , l l5 ( or may not , 8 , ll2 ) ,  shivering 
decre ases , l l4 and oxygen consumption fall s .  Repeated 
cold exposure may lead to lower body temperatures , l l l ,  
1 15 , 12 0  higher skin temperatures , l l7 less 
shivering , l l5 , 12 0  and less oxygen consumptionl2 0  

during a cold stres s .  These changes may represent col d 
acclimati zation, but phy sical training leads to similar 
changes . l l l , l21 , 12 2 

Repeated cooling of the hand may lead to a higher 
re sting skin temperature , l2 3  and during cold water 
immersion altered vascular re sponses may lead to earl ier 
onset of crvol24 and faster cycling times and rewarm
ing rate s . l25 Other data , however , show that repeated 
cooli ng of one fi nger did not alter vascular re sponses 
during cooling ;  it did reduce the associated tachycardia 
and pain . l2 6  This suggests that central habituation 
rather than local adaptation is responsible for altered 
re�onses . 

There have been few studies of human acclimati zation 
in polar regions . 2 3 , 4 0 , 41 , 4 5 , 4 8, 12 1- 12 3 , 12 7-14 7 

Resting metabolic rate i s  unchanged. 4 9-51 , 14 5 , 146 , 14 8  

Cold stress may be handled more effectively ( skin and 
rectal temperature s maintained at higher levels, 4 0 , 4 8, 
121 , 12 8-13 0 ) , but the data are conf licting . 41 , 4 5 , 12 7 

Excretion of 17-hydroxysteroids and 17-ketosteroids 
duri ng an experimental cold stress may be more 
pronounced i n  Antarctic a .  The hypertensive re�onse to 
norepinephri ne i s  reduced after several months . l4 3 , 144 

Men may wear fewer layers of c lothing on the trunkl3 4 ,  
14 2  and hands, l3 5 , 13 6  but the data are again con
f lictingl3 5 , 14 9  and diffi cult to interpret . Af ter 
several months , the resting skin temperature , l3 7 , 14 0  

blood f low, l41 and heat lossl4 0  of the hands may 
decrease . Increased resting fi nger temperatures have 

been reported, however . l2 3 During cold exposure , 
f inger temperature s may be higherl2 3  and numbness 
less than control levels . l2 3 , 13 7  

Thus ,  there probably i s  adaptation o f  the hands to 
cold exposure as manifest hy les s  numbness and clumsi
ness and higher skin temperature . More general changes 
in metabol ic re�onse to cold probably do not occur . 

-7-
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Although Budd has demonstrated limited cold stres s  

duri ng s ledging2 3 and thermal discomfort during out
door station work , l3 8 Norman ' s  data indicate little 
thermal stress duri ng mundane life . l3 9 Simi lar ly , 
the subc lothi ng trunk-skin temperature s of Lapps range 
between 310 and 340 . 88 It seems therefore that 
most human acclimati zation to polar life i s  achieved 
through technologic maneuvers rather than physiologic 

adaptation . 8 5 , 1S O , l51 

- a-
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Pathologic Changes during Polar Life 

Life in the polar zone s entails increased ri sks for 
diseases as diverse as scurvy and carbon monixide 
poisoning . l5 2- 1 6 2  Pe rhaps the most obvious are local 
and systemic cold injuries .  

A .  Local cold injury 

Origina l ly trench foot , immersion foot , shelter 
foot , frostbite , and other forms of local cold injury 
were considered to be distinct entities occurring 
through diff erent mechanisms . It i s  now felt that va s
cular changes and tissue hypoxia are responsible for all 
types of local cold i nj ury and that variation in the 
clinical feature s reflects vari ation in the nature of 
the insult and the host re sponse s .  The pathophysiologi c 
mechanisms have been summari zed. l5 1 , 163-16 5 

As ti ssue cool s , several mechanisms decrease tissue 
perfusion and thereby reduce heat los s . l6 6  Co ld 
causes directl6 7- 16 9  and local l69 reflex constric-
tiqn of muscular arteries l7 0-1 7 2  and veins , l67 thus 
decreasing local blood f low. l 7 3 , 174 If hypothermia is 
present , central reflexe s further decrease blood 
f low. 9 0 , 10 3 , 17 4-17 7 Relaxation of arteri ovenou s 
sphincter s divert s blood from capil larie s . l67 , 168 , 17 1 , 
178 , 17 9 The nad ir of blood flow i s  usually in the 
range of +100 to -2 00 . 17 6 , 17 7 , 180 , 181 , 182 
Be low - 2 00 , there i s  intermittent intense cold
induced vasodilatation ( CIVD ) . l69 . The mechanisms 
involved are not understood , but blood f low i ncrease s 
to a normal level and the tissue temperature may ri se 
2 00 to Joo . l83 The phenomenon may be due to 
intermittent paralysi s of vasoconstricting sympathetic 
fibers controlling arteriovenous sphincters. l69 ( Flow 
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through the digital arteri es i s  unchanged by CIVD. l7 0 ) 
The i ntensity of CI VD varies among anatomic sites . 
Re gions such a s  the nipple , scrotum, lateral arm , sole , 
popl iteal fossa , and thigh show no re�ons e . lB 4 
De �ite the increase in t issue temperature , CIVD does 
not alter the time course of cooling between 
cycle s . lBS 

As a result of these changes ,  heat loss i s  reduced 
at the expense of intermittent i s chemi a . If the tissu e  
i s  cooled only briefly and warmed rapidly , this i schemia 
i s  tolerated and no damage result s .  If , however , the 
cold stre ss conti nues ,  additional changes further com
promise tissue perfus io n .  Endothel ial cell s a re damaged 
by cold , renderi ng capil lari e s  l eaky . l7 8 , 186-189 
Transudation of plasma leads to erythrocyte 
c lumpingl6 7 , 188, 19D-19 2  and edema formation . l91 , 193 
Changes in the rheologic properties of blood increase 
its viscosityl94 , 19 S and favor erythrocyte agqrega
tion . l96- 198 Hi stamine release may also contribute to 
e dema formation . l 99 These changes in the microcircu
lation coupled with i ncrease d  bindi ng of oxygen to 
hemoglobin2 0 0 , 2 01 make cell survival precarious 
between so and 1so . 2 02 In thi s range , cellular 
metabolism continue s ; but as oxygen delivery lags behi n d  
oxygen demand i schemia develops . The deqree o f  damage 
depends on the temperature and exposure time . 
Ga ngrenous necrosis has been seen following temperature s 
a s  high a s  180 with an exposure t ime of several days . 
Lower temperature s have corre�ondi ngly shorter critica l 
times . The important point , however , i s  that damage 
occurs because metabolic demands outstrip vascular 
supply . Severe damage and tissue loss may be seen with
out freezing . 2 03 

Human ti ssue freezes between -O . SJO and -0 . 6 SO, 
2 04 although it can supercool to lower temperature s .  
When freezing occur s , direct c e l l  toxicity may contri
bute to injury . 2 0S- 2 0 7 ( Below so ischemic damage is 
slight ; cel lular metabolism is minimal and oxygen util i
zation is less than oxygen delivery . )  Thi s  toxicity is 
probably due to intracellular dehydration , because wat e r  
crystal li zes duri ng freezi ng . 2 08 Mechanical disrup
tion of cel l  organelle s by ice crystal s may also play a 
role . 2 02 It i s  important to stre ss,  however , that 
even when tissue is frozen solid , most of the tissue 
damage is due to the i schemia that occurs before 
freezing and j ust after thawing . 2 09 
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In summary , the various cold injury syndromes 
represent arbitrary points on a continuum of cold 
injury . Trench foot , illlllersion foot , and shelter foot 
result from nonfreezing vascular damage and resultant 
ischemia . There is usually no tissue lo ss , but ganqrene 
can be seen in severe cases.  In frostbite , high a lti
tude frostbite , and other forms of freez ing cold injury , 
vascular damage i s  more severe , and in addition there 
may be direct cell damage . Again the outcome varies 
from complete resolution to gangrene . The exact clini
cal manifestations and course of a cold inj ury thus 
reflect variations in the temperature , exposure time , 
and host factors rather than different pathophysiologi c 
mechanisms . 

Other effects of local cold exposure i nclude 
impairment of manual dexterity , 2 1 0-214 part ly due to 
j oint stiffness2 1 5  from increased viscosity of 
synovial f luid . 216 Impaired muscle contraction also 
probably contri butes . 21 3 , 2 14 , 2 1 7 , 2 18 Tactile discrim
ination2 1 4 , 21 9 , 2 20 and vibratory sensitivity2 21 
decrease as skin temperature fa ll s .  Th e  effects of 
these changes on performance in the cold has been 
reviewed . 2 22 

Th ere are several reviews dealing with clinical 
f eature s of cold injury . l64 , 179 , 2 02 , 2 2 3-249 , 3 1 0  
Clinical and experimenta l data suggest that hypoxemi a , 
anemia ,  immobi lity , moisture , wounds in the same 
extremity , dehydration, ciga rett e smoking, blood qroup 
0 ,  previous cold inj ury in the same extremity, dark 
skin , and birthplace i n  a warm climate all predi spose 
to cold injury . 2 27 , 2 2 A , 2 41 , 2 50- 2 56 , 7 26 Al cohol 
intoxication ( aside from its effects of impa iri ng 
j udqment ) does not seem to he a risk factor . 2 41 , 2 42 

The siqns and symptoms encountered duri ng the course 
of a variety of types of cold injuries have been 
described , and some paper s inc lude many photographs . 
179 , 2 28 , 2 30 , 2 45 , 2 46 Immediately after warming , the 
ski n i s  cool and mottled . Pulse s are often decreased , 
and capillary filling is sluggi sh . In mild cases the 
patients complai n of hyp eresthesia of the affected ski n .  
With more severe cases there i s  anesthesia. Two to five 
hours later the skin in the distribution of the injury 
becomes flushed,  hot ( 3 0o to 3 50 ) and dry ( due to 
anhydrosi s ) . Anesthesia gradua lly give s way to hyper
esthesia. Burning or throbbing pain develops . It 
usua lly peaks at 48 hours and may per sist for many 
weeks . 
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Musc les of the exposed area are often weak .  (These 
s ign s  and symptoms are probably due to damage to peri
pheral nerve s . 2 57 ) Edema accumulates and vesicles 
form .  With mild cold injury , vesicle s form within 2 4  
hours , and their r apid appearance indicates the likeli
hood of no tissue los s . In cases of more severe injury 
they may not appear for 3 to 7 days or may not appear 
at a l l  except at the line of dema rcation of vital 
tissue . New shooting pains may develop after 7 to 10 
day s .  They may last for several months and may recur 
even later . During the several weeks following injury , 
vesicles and adj acent nonvital ti ssues dry , ha rde n, 
blacken, and slough .  With severe damage thi s may take 
months and ent ire digits or di stal extremit ie s may be 
involved. During thi s stage the nonvital tissue is  
usually not tender .  The ski n s urrounding and underlying 
the gangrenous areas wi ll be red , thin, tender , and sen
sitive to cold . As peripheral nerve s re grow , sensat io n , 
sweating , and strength return and pain dimini shes .  

In the immediate care of cold injury , it is critical 
that the tissue not be thawed and refrozen. 2 46 It i s  
probably better to a llow tissue to remain frozen unti l 
such t ime that definitive therapy can be instituted than 
to thaw it under field condi tions if there be any chanc e 
of refreezing before proper therapy i s  avai lable . 
Remarkable salvage can be obtained in the former s itua
tion , whi le the latter almost guarantees ti ssue loss . 
Froze n  a nd recently thawed ti ssue i s  fragile and must be 
protected from mechanical trauma . Rubbing , pre ssure , 
and chafing disrupt ti ssue and i ncrease tissue los s .  

When definitive therapy is  instituted , rapid 
rewarming improve s tissue salvage . l7 9 , 241 , 2 42 , 24 5 , 2 46 , 
2 58 , 2 59 , 2 61-2 65 Therapies such as gradual thawing , 
c old , 2 66 , 2 67 and rubbing with snow only prolong the 
t ime spent below 15° , leading to further ischemia and 
ce l l  damage . Continuously monitored water bath tempera
ture s of 4 00 are recommended.  Temperature s higher 
than thi s wi l l  increa se cell metabolism such that oxyge n 
demand surpasses oxygen delivery and further cell death 
will occur . Warming froze n tis sue near a fire or in the 
exhau st of a vehicle wi ll certainly increase the tissue 
damage . Sinc e it i s  a lmost imposs ible for an expert 
even to a s sess the severity or extent of damage at the 
t ime of injury, 2 68 bed rest and careful wound care 
f orm the ba sis of therapy . l7 9 , 186 , 2 29 , 2 41 , 2 4 2 , 2 45 , 2 46 , 
2 58-2 61 Ea rly amputation or wi de debridement usually 
sacri fice too much tissue . l 7 9 , 2 42 , 2 45 , 2 58, 2 59, 2 69 , 2 70 
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It cannot be stre ssed too strongly that of a l l  treatment 
variable s a poor· outcome i s  most frequently associated 
with premature surgical i ntervention . 2 4 2 , 2 58 . Even 
minor surgery mus t be avoided because tissue s  are poorly 
�sefused or frankly necrotic and do not heal . l 79 , 2 42 , 

Suture s ,  drains , and packing materials only serve 
as potential sources of i nfection . Traction is contra
indicated . Ointments and greasy medications may lead to 
tis sue maceration . The skin should be kept dry and 
vesic les left intact . Af ter several days , whirlpool 
therapy provide s gentle debridement . Active range of 
motion exerc ise s and other phy sical therapy prevent con
tracture s due to immobilization. 2 71 Therapies such a s  
hyperbari c oxygen , 2 72-2 74 vasodi lators , 2 68 corti
c osteroids , 2 68 , 2 75 , 2 76 and anticoagulantsl6 5 , 19 2 , 
2 77-2 79 have been suggested from theoretical consider
ations , but none ha s proved beneficia l .  Sympathectomy 
before the development of gangrene has been c laimed to 
decre ase morbidity . 2 61 , 2 B0-2 82 Al though it probably 
decrease s pain , hyperhydros i s , and edema , and leads t o  
more rapid demarcation of nonvital tissue and faster 
healing of ulcers , sympathectomy probably does not 
dimini sh tissue loss . 2 61 , 2 83 Doppler ultrasound and 
digital plethysmography2 84 may identify patients in 
whom sympathetic blockade wi l l  decrease tissue los s .  

The problem o f  amputations i n  the treatment of cold 
i nj ury has been discussed extensive ly . It ha s bee n 
c laimed that angiograms2 85 and xenon 1 3 3  f low 
rates2 03 demonstrate early demarcation of nonvital 
tissue and that bone scans3 1 1  show nonvital hone , thus 
allowing for early amputatio n .  Their use has not been 
widely accepted , however , and in the absence of life
threatening infection or other complica tions it is  
probably best to a l low tissue to slough of its own 
accord " C"Frgzen i n Ja nuary , a mputate in Ju ly" ) . l79 , 
�4�, � 5o , 2 59, � �,27U Bates discusses thi s subj ect and 
recomme nds spec ific surgical techniques . 2 70 

The c linica l feature s of the late stages of cold 
i njury have been summari zed . 2 32 , 2 34 , 2 86 , 2 87 Patient s  
ma y  complain of ( in de creasing frequency ) :  cold feet , 
pain,  hyperhydrosis , numbne ss,  abnormal color, and joint 
stiffness . 2 86 , 2 88 The symptoms are usually worse 
duri ng cold exposure . Clinical evaluation may show 
thickening and deformation of nail s, alopecia , and 
a trophy and scarring of ski n .  Basal cel l carcinoma and 
squamous cell carc inoma have been seen in the skin scars 
1 1 to 34  years following frostbite . 2 89- 2 92 Hi stologic 
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examination may disc lose i n  additionz atrophy and 
f ibrosis of subcutaneous tissue , fat , and muscle , and 
f ibrosis of ligament s . 2 23 , 2 34 , 2 41 , 2 93 , 2 94 Periphera l 
nerves often di splay demyelination and fibrosi s .  Vessel 
walls are thickened and their lumens may be completely 
occluded . 2 95 Bone changes inc lude osteoporosis (s een 
4 to 10 weeks following i njury and implyi ng viabi lity 
of bone ) , juxta-a rticular punched-out lesions ( after 3 
to 2 4 month s ) , 2 96 , 2 97 and arthritis. 298 Acromuti
lation may be seen in deep inj ury if tissue loss has 
exposed bone to air .  In chi ldren, cold injury to 
epiphysea l growth center s lead s to fragmentation, pre
mature fusion ( seen between 12 and 24 months ) and later 
deformity . 2 99- 3 0 1  

The treatment o f  these s equelae c a n  he diff icult . 
As sugge sted by clinical evaluation, 3 0 2  local blood 
flow is often reduced . 3 03 Thi s  may be due to 
increased a rteriolar tone resulting from permanent 
dama ge to periphera l sympathetic f ibers . Thus sympa
thectomy has been useful to alleviate complaints relate d 
to sympathetic hyperactivity ( hyperhydrosis , cold 
feet ) . 2 26 , 2 41 , 2 45 , 2 46 , 2 80-2 82 , 3 04-3 06 Intraarterial 
re serpine may be similarly useful . 2 58 , 3 0 7 However ,  
s ince angiograms have shown persi stent spasm2 69 and 
f illing defects even 2 8 years after cold inj ury , 2 48, 
3 00 , 3 08 direct damage to vesse l s  also probably contri
bute s to these symptoms .  If vasodilator s such a s  
phenoxybenzamine , tolazoline , o r  procaine sympathetic 
block3 06 do not reduce complaints , it i s  l ikely that 
sympatheti c  activity is not a predominant feature and 
that sympathectomy will not be beneficial. 2 46 If 
peripheral nerve block leads to hi gher skin temperature 
( increased c irculation ) , however ,  it is  probable that a 
SYmpathectomy wi ll help allevi ate the symptoms . 2 38 

Attempt s have been made to define factor s that wil l  
predict the outcome o f  cold inj ury . It s eems that 
amount of c lothing , duration of exposure , temperature , 
and moisture all inf luence the result s .  There i s  a 
positi�ar-C:orrelat ion between tis sue loss and the 
prod�t of ambient temperature and exposure time . 3 09 
In one series , 3 09 all patients in contact with wet 
c lothes or meta l at ambient temperatures less than -7o 
for more than 1 hour suff ered some tis sue loss . 
Specific pre dictions of amount of tissue lo ss or line 
of demarcation were not reliable . Failure of skin to 
become warm severa l hours after rewarming , lack of edema 
or vesicles after 24 hours , hemorrhagic vesic les ,  feve r , 
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and absenc e  of pulse s after 48 hours are all poor 
prognostic signs� Demonstration of interstitial gas by 
roentgenography ( between 2 and 6 day s )  suggests eventual 
tissue loss . 297 Fi nally , estimations of serum trans
aminase s may indicate outcome . A peak i n  the f irst 2 or 
3 days usually suggests there will be little permanent 
damage . Persistent e levations or peaks 10 to 14 days 
after thawing may indicate ultimate tissue los s . 2 58 

To summarize , current concepts of the therapy of 
local cold inj ury emphasize rapid rewarming , avoidance 
of refreezing , and intensive medical management . 

B .  Systemic cold injury 

Although report s of persons with hypothermia have 
appeared sporadically over many years , current interes t 
began in the 1940s when induced hypothermia was used to 
treat cancer , schizophrenia , opiate addiction , and blood 
parasites . 312-31 8 Later it was adopted to facilitate 
surgery , 31 9-3 24 e specially cardiac6 0 , 3 25-3 34 and 
n eurosurgical3 35 , 3 36 procedures .  It has also been 
employed in the treatment of i ntracranial 
hemorrhage3 3 7  and card iopulmonary arre s t . 3 38 , 3 39 
Accident s at s ea prompted the study of immersion hypo
thermia . The report of Prescott3 40 to the Bt:itish 
Mi nistry of He alth and several letters3 41-34� and 
reviews3 44-3 49 called attention to the problem of 
hypothermia in the e lderly . Pugh3 5 0  and severa l 
others3 51 emphasize the scope of the problem of hypo
thermi a  from acc identa l environment al exposure . From 
these observations, an understanding of the phy siologic 
changes during hypothermia ha s emerged . 

The physiologic reaction to hypothermia is diphasic . 
The change s during induced hypothermia have been 
summari zed . l 94, 3 20 , 3 21 , 3 52-3 54 Du ri ng the initial 
stages ( 3 50 to 3 00 ) there is stimula tion of homeo
static mechanisms . As body t emperature continue s to 
fall , however , phy siologic functions are depre ssed . 
Without support , death occurs between 2 50 to 290 . 
3 55 

The thermal and metabolic responses begin with 
constriction of smal l vessel s of the periphery ( ski n , 
3 56 muscle , and nasal mucosa3 57 , 3 58 ) , causing blood 
to be shunted to the core . The skin temperature fal ls , 
the rectal temperature rise s , 3 59-3 7 0 and the thickness 
of the effective body insulation i ncrease s . 3 71-3 7 3 
Di ffere nce s in organ temperature develop . 3 74 The 

- 1 5-

Copyright © National Academy of Sciences. All rights reserved.

Polar Biomedical Research:  An Assessment
http://www.nap.edu/catalog.php?record_id=19604

http://www.nap.edu/catalog.php?record_id=19604


esophagea l temperature most closely approximates the 
blood and brain temperatures . 3 74 , 3 75 (The recta l 
temperature i s  usually falsely low. 3 74 , 3 76 ) Th ere i s  
no va soconstriction i n  the skin o f  the forehead , 3 77 
exc ept the ea r , and at low temperature s heat los s from 
the head can be high ( 5 0% of re sting heat output at 
-4° ) . 3 78 Other regions of high heat loss i nclude 
lateral thorax , upper chest , back , and groin. 3 79 
Sweating may occur a s  a manifestation of central nervous 
system stimulation . 3 80 Shivering begins ( w ide vari
ation of temperature at onset3 59 ) and increase s  heat 
production . 3 61 , 3 75 , 3 81- 3 84 Oxygen consumption rises 
f rom four3 65 to nine3 82 t imes that of resting 
leve ls . 3 60 , 3 64 , 3 67, 3 81 , 3 83-3 87 Shivering decreases 
the effective body insulation . 3 72 If the heat 
generated is inadequate to rewarm the body , a rapi d 
fall of core temperature ensues . ( There i s  no good 
evidence for nonshiveri ng thermogenesis in man. 3 67 , 
3 68 ) Be low 3 30 shiveri ng i s  replaced by muscular 
rigidity . Metabolic proces se s  a re slowed , carbon 
dioxide production decrease s , 3 88 and oxygen require
ments f al l . 3 34 , 3 35 , 3 85 , 3 88 , 3 89 Es timates of oxygen 
consumption range between 65% of normal at 260 3 3 5 , 
3 5 3  and 4% at 10° . 3 89 

There are several factors which affect the timing 
a nd pattern of re sponse . 3 90 The colder the environ
menta l temperature , the more rapi d i s  the fal l in body 
temperature . 3 66 , 3 81, 3 91 Wind accelerates heat 
loss . 3 63 , 3 66 , 3 92 Ambient humidity has no effect . 3 62 , 
3 63 , 3 66 Subcutaneous fat acts as an insulator, and 
fat person s  maintain body temperatures more succes sfully 
than thin one s  ( h i gher rectal temperature , lower ski n 
temperature , less shiveri ng and oxygen consumption ) . 4 8, 
3 5 0 , 3 71 , 3 93-4 02 De spite its action as a peripheral 
va sodi lator , alcoho l does not accel erate the fal l of 
rectal temperature . 4 0 3 , 4 04 It may retard the fall of 
f i nger t emperature , and it seems to help a lleviate the 
misery of cold exposure . 4 04 Simi larly , oxygen admin
istration may i ncrease the s ensation of warmth , retard 
the onset of shiveri ng , decrease oxygen consumption, and 
reduce the resp iratory response to cold, 3 87 but it 
does not alter the patter n or rat e  of fa ll of tempera
ture . 4 05 Cl othing retard s heat loss , 3 99 , 4 06 but 
both moisture and ex ercise ( becaus e of be llows-like 
movement ) decrease its insulative value . 3 92 , 4 0 7 , 4 08 
In cold water ,  exercise accelerate s heat loss ( probably 
by increas ing return of cold blood from the extrem-
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i ties3 71, 3 79 , 3 86 , 3 99 , 4 01 , 4 09, 410 and increasing 
conductive loss ) . In cold air4 03 and warm (240 to 
3 50 ) water7 27 vigorous exerc i se (more than 800  
calories/hour)  may help maintain body temperature . 4 08 
In addition , the following have been claimed to affect 
the response to cold : age, 3 61 , 41 1-414 sex , 41 5  
s eason , time o f  day , physi ca l  condition , previous cold 
exposure , food consumption, and carbon dioxide 
administratio n .  

The changes o f  cardiovascular parameters duri ng 
hypothermia have been reviewed. 3 53 , 3 88 , 416 , 417 
Immediately following cold exposure the pulse , l l6 , 3 64 , 
3 87 , 4 04 , 4 06 , 41 8-4 21 blood pres sure , 41 8 , 4 21-4 24 
card iac output , 418 , 4 2S and stroke volume4 2S 
i ncrease . (The mean pulse wa s 146 beat s/min and mean 
blood pressure 158/85 mm Hg in one seri e s . 418 Stroke 
volume increased by 78\4 25 and cardiac output by 6 0\ 
to 10 0\. 3 88 , 41 8 , 4 25 ) There is sustained peripheral 
venous4 22 , 4 26 and arteri olar constri ction. As core 
temperature fal l s ,  deterioration of cardiovascular 
funct ion begins . The heart rate decreases linearly 
with temperature , 3 65 , 3 88 , 4 23 , 4 24 , 4 27-4 34 , 7 SS due to 
intrinsic s lowing of pacemaker activity of the sinu s  
node , 4 3S s lowing o f  conduction veloc ity , 4 36 , 4 37 and 
s lowing of myocardial contraction velocity ( prolongation 
of systole ) . 41 9 , 4 29-4 3 1 , 4 33 , 4 44. The nadir of the 
pulse usually coinc ide s  with the nadir of the recta l 
temperature . 4 23 Stroke volume i s  unchanged . 4 24 
Ca rdiac output falls ( 10\ to 57\ of normal at JOo ) .  
3 85•4 24 Th e  central venous pre ssure increases4 23 to 
as much as 14 em of water . 4 22 The circulation time 
i ncreases . 4 24 , 4 38 At 300 the left ventri cular 
oxygen consumption is 3 3\ of norma l . 439 Be low 250 
myocardial contractility440 and left ventricular 
c ompliance4 41 decrease , and left ventricular end 
diastolic pre ssure increases . 4 41 Hypotension 
develops , 3 65 , 4 42 and the pul s e  and blood pressure are 
u sua l ly not detectable below 2 So . 

Ref lexe s involving aorti c  baroreceptors , the carotid 
body ,  or �ympathetic vasoconstri ctor fibers are intact 
but slowed. 4 23 , 4 43 

Several changes in peripheral circulation result in 
poor perfusio n.  There i s  direc t constri ction of sma ll 
a rteri es , arteri oles , and sma l l  veins by cold . Total 
ieri�heral resistance is thus initia lly e levatedl9 5 , 

24• 44 and blood f low to all tissues i s  reduced . The 
pattern of distribution of blood flow is a ltered such 
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that flow to the brai n ,  hea rt , and s hivering muscles i s  
maintained at higher relative levels . 3 54 , 4 4 5 As core 
t emperature fal l s  below 3 0o , peripheral resistance 
begins to decrease . l9 5  Transudation of f luid leads 
to increased concentration of plasma protein s and 
erythrocytes .  This increases the vi scosityl9 5 , 3 34 
(twice normal at 2 00 194 ) and yield-s hear stre ss4 46 
and decreases the suspension stability of the blood . 
Intravascular a ggre gation of erythrocytes begins near 
3 2° . 1 96-19 8 At lower temperature s ,  decreased 
art eri olar pre ssure , 44 7 decreased blood f low, and 
formation of plate let aggregates lead to further 
erythrocyte aggre gation. l9 8 Be low 2so , clumped 
erythrocyte s may block capil lary entrance s ,  and betwee n 
so and 15° capil lary circulation ceases . 

The change s of the electrocardio grams of adult s 
undergoing surgical hypothermia4 19 , 4 28-4 34 , 4 48 or 
sufferi ng from accidental hypothermia4 2 0 , 4 49 , 4 50 or 
hypothermia due to seps i s4 5 1  have been summari zed . 
With de creasing temperature there i s  progre ssive 
lengthening of intervals,  changes in conf iguration of 
waves , and disturbanc e s  of rhythrn. The PR interval i s  
prolonged4 1 9 , 4 29, 4 34 a s  much a s  4 0\ ( or 0 . 0 2  to o . os 
seconds ) 4 31 in 5 0\4 33  to 84\4 32 of patients.  AV 
b lock developed in 24 \ of one seri es . 4 3 2  Th e QRS 
interval is lengthened . 4 19 Prolongations by 4 0 \ to 
9 2\4 31 -4 33 were pre sent i n  92\ of patients in one 
group , and 5 4 \ developed intraventricular conduction 
delays . 4 32 The intr i ns i coid def lection may be delayed 
by 2 9 \ . 4 31 The QTc interva l  is increased4 29 , 4 30 , 4 34 
by as much as 44 \4 31 ( or 0 . 01  to 0 . 2 7 seconds419 , 
4 33 ) and can remain prolonged even after the 
t emperature has returned to norma l . 4 2 0 , 448 The ST 
interva l was increased i n  3 0 \ to 7 0\ of patient s . 43 2 

The QRS complex may increase i n  amplitude between 
3 5° and 3 0° , but its axis remains unchanged . Be low 
3 5o there is progres sive e levation of the J point , 
leading to "Osborne wave s . "  They are o riente d 
anteriorly and to the left4 2 0 , 43 4  and thus are most 
prominent in V4 and the left ventricular limb 
l eads . 4 52 In other leads the QRS complex i s  
lengthe ned without forming a di sti nct wave . Bundle
branch block can mask Osborne wave s . 4 52 With 
decreasing temperature , they may di sappea r or become 
higher and broader . 4 29 , 4 34 , 4 5 3 , 4 54 When they are 
very high , the T wave may f latten or invert . 429 , 4 34 
The cause of Osborne wave s is unknown . They are 
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probably not due to myoca rdia l  anoxia , injury , acidosi s ,  
or atri al repolari zation. 4 34 They may result from 
a ltered ion f lux across sarcolemmal membrane s . 454 
Osborne waves are relatively specific for hypothermia , 
but they have been seen at normal temperature4 55 and 
with subarachnoid hemorrhage . 4 56 

ST segments may be elevated or depressed by o.s mV ,  
a n d  elevations of o.s mV have been seen duri ng 
rewarming . 4 48 Emslie-Smith has studied vectorcardio
grams and claims that with hypothermia the angle betwee n 
the QRS and T loops is i ncreased4 57 and that the 
duration of the J loop corre late s with the de gree o f  
hypothermia . 4 54 Al terations in T-wave conf iguration, 
amplitude ( 0 . 2 mV change ) , and axi s may c�cur i ndepen
dent of J point changes . 4 33 , 4 58 Th ey may be due to 
epicardial hypothermia. 4 59 , 4 60 T-wave inversion 
occurs rare ly . 

The most common arrythmia i s  sinus bradycardia. 
Be low 3 0o the PR interva l lengthens and AV block may 
develop . Atrial fibrillation begin s in the range of 
2 2 . so to 3 2 . 00 ( means of 27 . 20 , 4 31 , 4 33 
2 8 . 90 , 4 34 and 31 . 60 4 32 for four seri es ) but can 
be seen at higher temperatures in older patient s . 4 30 
Recordings of the His bundle have shown prolonged AV 
intervals4 36 , 4 37 ( not shortened by atropi ne4 36 )  and 
normal HV, 4 36 PA , HQ and HS i nterva l s . 4 37 These 
imply a conduction defect i n  the AV node . Atria l 
tachycardia , atrial f lutter , and wandering atrial pace
maker have also been see n .  Ventricular fibri l lation 
can be see n i n  the range of 2 3 . 80 to 2 7 . 90 and its 
onset is usually preceded by premature ventricular 
contractions or a delay of the intrinsicoid deflection 
of 24% or more . 4 31 The cause of the increased 
frequency of ventricular f ibril lation i s  not known. It 
may be caused by circ us movements resulting from 
lengthening of conduction time without a proportiona l 
i ncrease in refractory period . 4 61 Slowed conduction 
leading to uncoordinated myocardia l  contraction has 
been suggested . 4 62 , 463 Fi na l ly , intramyocardial 
temperature gradients may play a role . 4 64, 4 65 With 
further cooling , the ventricula r wave s become smal ler 
unti l asystole punctuated by irregular ventricular 
c omplexes deve lops ( between l O . So 419 and 2 00 428) .  

In inf ants , normal sinus rhythm i s  pre sent to 180 
t o  200. The PR , QRS , and QTc interva ls are 
lengthened . No alterations in waves are seen . 4 27 , 4 35 
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Surgical manipulation may give rise to a nodal rhythm or 
premature ventricular beat s .  

Duri ng th e  initial stages o f  hypothermia , the 
respiratory rate , 3 87 , 4 66 tidal volume , 4 66 minute 
volume , 3 60 , 3 81 , 3 83 , 3 87 , 4 31 , 4 66 and a lvolar ventila
t ion4 06 , 4 67 a re i ncreased . The peak increase of 
re spiratory rate wa s 14 . 8 to 1 5 . 7  breath s/mi n, the peak 
of tidal volume was 0 . 6 8 to 0 . 7 9 liters , and the peak o f  
minute volume wa s  9. 8 t o  11 . 1 liter s/min in one 
seri e s . 4 66 As body temperature falls to less than 
3 0° , however , respiratory rate a nd tidal volume fal l .  
Accumulation o f  blood di splace d by periphera l vasocon
stri ction may cause pulmonary congestion4 68 and 
decre ased vital capacity . 4 69 Airways resistance may 
i ncrease , 4 66 but compliance is probably unchanged3 88 , 
466 , 4 70 above 290. Carbon dioxide excretion i s  not 
impaire d , 3 88 , 4 71 and oxygen uptake remains normal . 
4 72 Breathing cold a ir by normothermic persons 
increases airways resistance7473 decreases maximum 
breathing capacity ; 4 7 3  but doe s  not change FEV1 , 
4 73-4 76 maximum expiratory f low rate , 4 7 3 , 4 75 FVC , 
4 75 or nitrogen elimination. 475 

With de creasing temper ature , the solubi lity of gases 
increases , the protein anion buffer concentration 
decrease s ,  and the pKa of carbonic acid incre a se s . 4 77 
The result of these trends is  that the pH478 and bi
carbonate concentrations rise and the pC02 and p02 
f a l l .  4 79 , 4 80 

The glomerular filtration rate drops to 52% to 67\ 
of norma l , and the renal plasma flow to 5 6\ to 59% of 
normal , probably due to vasoconstriction . 442 , 4 81 
( Renal vascular re si stance i s  increased . 4 81 ) 
Shiveri ng may rever se these changes . 4 82 Urine flow 
increasesl4 7 , 3 64 , 4 83 , 4 85 , 575 and may range between 
1 . 4 442 and 3 . 9 486 ml/min above basa l .  Pl asma volume 
shri nks4 44 , 4 87-4 89 ( 6\ to 12\4 24 ) and the total 
protein concentration of the plasma rises , 4 84 ( 0 . 5 
gm/d l4 90 ) .  Th i s  di ure s i s  i s  inhibited by exerc i se , 
upri ght posture , 3 64 and smal l doses of antidiu retic 
h ormone . 4 86 , 4 90 It i s  probably due to decreased anti
diuretic hormone re lease because of central venous 
congestion and decreased tubular re sorption of water . 
Similarly , altered tubula r metabolism leads to i ncreased 
sodium , l4 7 , 4 81 , 4 84 chlori de , 4 84 , 4 86 , 490  and 
magnesium excretion , even in the absence of diuresi s .  
485 Po tassium excretion is increas ed , l47 norma l ,  
4 81 , 4 84 , 4 85 or reduced . 442 I n  dogs , bicarbonate 
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491 and glucose4 92 reabsorption i s  reduced .  Th us ,  
th e  urine come s  t o  resemble a n  ultrafiltrate o f  plasma , 
and uri ne/plasma ratios of e lectrolytes and creatinine 
approach unity . 4 86 , 4 93 

Serum electrolytes are mainta ined at normal levels 
during moderate hypothermia . Below 2 50 the potassium 
c oncentration may decrease3 19 , 442 , 4 81 , 4 94 , 495 or 
increase . 4 96 Serum calcium may increase or decrease . 
31 9 , 4 94 It s binding to albumin i s  unchanged . 4 97 
Two studies report low serum sodium leve l s . 31 9 , 4 81 
No changes in chloride or magne sium have been reporte d 
i n  humans . 

Uncompl icated hypothermia probably does not cause 
a lterations in acid-ba se status . 4 98 Re lated changes 
such as volume depletion or poor peripheral perfusio n 
and underlying disorders such as pneumonia or keto
ac idosis may , however , cause a lterations of pH an d 
b lood gases . 4 99 

Dy sarthri a ,  drowsiness ,  inattentivenes s ,  and 
impaire d recent memory deve lop between 3 00 and 
3 4o . S OO  Co ld s lows nerve transmi ssion ( 1 . 4 m/s ec/ 
deg ) . S Ol Pupi llary reaction to light , superf icial � 
abdominal reflexes , and deep te ndon ref lexe s are present 
above 3 0° , but at t�eratures less than 2 5° all 
re flexes are absent . S 2 Cerebral vascular resistance 
ri ses and cerebral blood f low fal l s . 4 44 , 5 03 At 3 00 
i t  i s  6 0\ of norma l .  Cerebra l oxygen consumption fall s ,  
5 03 and at 2 80 i t  i s  2 5\ to 4 0\ of norma l . 444 
Extrapolation from these values suggests that the adult 
brain should tolerate 10 minutes of complete circulatory 
a rrest at 3 00 and 5 0 minutes at 1 0o . 31 9 , 3 89 The 
i nf ant may tolerate 5 0  minutes of arrest at 2 20 and 
60 minutes at 2 00 . 3 25 Complete recovery by an 
adult after 14 . 5 minute s of complete circulatory arres t 
at 240 has been report ed . 3 35 With decreasing 
temperature , elec troencephalo graph voltage falls to 
less than 5 0 mV . 5 04 EEG recordings during mild 
hypothermia had di ffuse , sha rp ,  diphasic and triphasi c 
discharges ( to 3 0 0  mV at 1/sec ) synchronously in a l l  
ch annels . S OS Be low 2 00 the EEG i s  si lent . 
Fo llowing rewarming from temperatures of 3 0o to 
3 2o , patients have demonstrated drowsines s ,  elevated 
spinal f lui d pressure , elevated spina l  f luid 
proteinS OO or choreoathetosis . 5 06 , 5 0 7 Fo llowing 
rewarming from temperature s less than 24o , most 
patient s  show neurologic f indi ngs rangi ng from 
transient conf usion to hypotonia of postural muscles to 
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coma . 5 08 At temperature s below 12° , patients have 
developed focal cerebra l necrosis , probably due to 
intravascular platelet and erythrocyte plugs . 5 09 

Long-term studies suggest that following surgica l 
hypothermia inf ants may experience developmental delay 
or psychomotor disorder s . 5 07 , 51 0 Re sults of IQ 
testing have been normal , however . 51 1 , 512 

Psychomotor te sting during experimental col d 
exposure shows a decrease in tracking proficiency . 2 14 , 
513 Reaction time to vi sual stimuli has not changed 
at temperature s above 3 5o , 21 3 , 2 14 , 514 a lthough 
reaction speed probably i s  i ncreased in high windchil l  
situation s . 514 

The thyroid re sponse to cold i s  controversial. 
Neonate s and i nfant s  increa se TSH in re sponse to 
cold . 51 5 , 51 6 Some have reported e levated TSH a nd 
decreased PBI levels after 2 hours in the cold, 51 7 
elevated T3 and T4 levels after 2 to 4 days of cold 
exposure , 51 8 , 51 9  and e levated T3 duri ng the winter . 
5 2 0  others have found no change in PBI , 484 , 4 87 , 5 52 
TSH , 4 87 , 5 2G- 5 23 T4 , 5 2 0  T3 re sin uptake , 4 84 , 4 87 or 
thyroid binding globulin4 87 during experimental hypo
thermi a .  In persons with acci dental hypothermi a , TSH , 
5 24 , 5 25 free T4 , 5 24 and PBI 3 49 , 5 26 , 5 2 7  have been 
normal.  Their response to TRF i s  normal . 5 24 

With cold exposure , there is release of epinephrine 
a nd norepinephri ne . l4 7 , 4 83 , 4 84 , 4 87 , 5 28 

In experimental col'd s tress , serum corti sol leve l s  
have been normal5 17 , 518 , 5 2 0  o r  elevated . 4 84 , 4 87 , 5 19 
Urine 17-hydroxysteroids5 2 9  have been normal and 17-
ketosteroids have been decrea sed4 84 and elevated . l4 7 , 
5 3 0 The adrenal response to stress may be blunted . 
5 31 , 5 32 In some patients with accidental hypothermia , 
serum cortisol is normal5 24 or e levated5 25 and 
plasma l l-hydroxycorticosteroids5 26 , 5 27 , 5 33 , 5 34 and 
urine5 35 or serum 17-hydroxycorticosteroids5 36 are 
high .  The half- l ife of cort isol i s  prolonged . 5 26 

Although insuli n leve l s  during surgical hypothermia 
may be above reference ranges , 5 37 , 5 3 8 the levels are 
below those appropri ate for concomitant s erum glucos e 
levels in pati ents with normal temperatures . 5 37 , 5 38 
This implies impaired i s let cel l  function . 

Growth hormone levels duri ng experimental cold 
exposure have been unchanged . 51 7 , 5 21 , 5 3 9  Its 
re lationship to glucose ha s been di sturbed in patient s 
with accidental hypothermia . 5 24 , 5 2 5 
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Ce llular metabolism i s  impaire d .  Glucose levels may 
be high5 40 because of low insulin , 4 94 high cotisol , 
a nd diminished cellular uptake . 4 3 S , S41 Fructose 
metabolism may also be impaired . S42 Elevated cate
cholamine & ·  lead to mobilization of fat and serum 
glycerol , 4 35 , 4 88 and tri glyc eride leve l s  are high .  
4 88 Serum fre e  fatty acids are unchanged4 35 , 4 88 or 
e levated. S 27 , 5 43 , 5 44 Serum lactate may be elevated 
if there i s  poor delivery of oxygen to peripheral 
tissue . 4 35 , 5 40 ( In dogs , hypothermia reduces hepatic 
metabol ism of lactate . 4 79 , 5 45 )  . 

Hematologic changes include a de crease in plasma 
volume4 44 , 48 7 , 4 88 ( 6\ to 12\ at 3 0° 424 ) due to 
diuresi s , seques tration , and f luid shift s .  Thus the 
hematocrit3 64 , 442 , 444 , 4 84 , 4 87 , 4 90 , 5 46 and erythrocyte 
c ounts ri se . 4 24 Above 3 00 the leucocyte count is 
normal or e levated ( wi th a left shi ft , decreased 
eosinophil & ,  and decreased lymphocyt e s ) . With further 
hypothermia leucocyte counts fall , pos sibly because of 
splenic and hepatic sequestr ation or margination. 
Platelet counts may be low3 19 , 3 34 or normal. S 47 
Platelet aggregation i s  s luqqish , 5 48 and bleeding 
t ime may be prolonged . 4 74 , 549 In neonates with hypo
thermia the thrombin time i s  prolonged (possibly a 
re sult of disseminated intrava scular coagulation5 50 ) 
and platelet counts may be low. 5 51 other coagulation 
studie s ( venous c lotting time , prothrombi n time , and 
thrombin generation time5 47 , 5 52 ) and levels of 
c lotting factors ( I , I I , V  a nd VII ) 5 47 are normal at 
moderate hypoti1ermia ( 3 0o ) .  At 2 00 the venous 
c lotting time is doubled . 3 34 Cryofibrinogen levels 
may be e levated . 5 53 

In newborns, hypothermia may cause subcubtaneous 
f at necros i s5 53 , 5 54 with later calci!ication . 5 55 , 
5 56 This is thought to be due to less oleic acid 
( f reezing point -10 . 30 ) an d more palmitic acid 
( freezing point 17 . lo ) in neonatal fat . 5 55 , 5 57 

With decreasing temperature the fat solidi fies and 
disrupts cells . Af ter thawing , the free fat provoke s 
an i nflammatory re sponse , leading to fat ne crosi s ,  
calcification, and fibrosis . 

Studies of gastrointestinal function in humans have 
not been reported . In experimental animal s , gastro
intestinal moti lity i s  decrea sed5 58 and ceases at 
3 0o . B i le production sl ows , 5 59 but the concentra-
tion of cholic acid remains unchanged . 5 60 Bi le flow 
ceases at 2 3o . 5 61 At s imi lar temperature s ,  pancrea-
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t ic secretion slows and the concentration of digestive 
enzymes in pancreatic j uice and serum drops . 562 

The function of the immune system during hypothe rmi a  
has not been studied in humans. Hypothermia has 
i ncreased susceptibility to pneumococcal seps i s  in th e  
rabbit5 63 and decreased susceptibi lity t o  pneumococcal 
peritonitis in the mouse . 5 64 

The effect s of hypothermia on the fetus have not 
been studied .  I n  a seri e s  o f  dogs subj ected t o  hypo
thermia , f ive were pre gnant . Of these , two suffere d 
spontaneous abortions within two days of rewarming . 5 65 

The c linical feature s of accidental hypothermia 
have been pre sented in several case report s3 7 0 , 3 58 , 
5 66- 5 77 and general discussions . 5 75-5 84 other 
report s discuss general physiologic , 5 85-5 88 cardio
vascular, 41 6 , 5 89 c ardioqraphic , 4 2 0 , 4 49 , 4 50 , 4 52 , 
4 53 , 4 58 re sp iratory , 4 89- 5 92 rena l , 5 93 acid base , 
5 67 , 5 89 , 5 90 , 5 92 , 5 93 metabolic , 41 6 , 5 27 , 5 3 5 , 5 93 
neurologic , 5 93 endocri ne , 3 49 • 5 3 5 and hematologic 
589 , 5 93 , 5 94 aspects of persons with accidental 
hypothermia . 

Several disorders may pre dispose to or even cause 
hypothermia . 3 40 , 5 86 , 5 95- 5 97 Hypothyroidism ( and thus 
panhypopituitarism and adre na l  i nsufficiency ) leads t o  
inadequate heat production , and most patients with 
severe myxedema will have low body temperature s . S98 
The diagnosis of hypothermia i s  difficult because 
euthyroid patients with hypothermia may show many of 
the s i gn s  of myxedema. S 99 Prolongation of the 
contraction/relaxation rati o of the ankle j erk 
reflex6 00  and a serum cholesterol concentration 
greater than 3 50 mg/d l5 99 are said to he signs of 
hypothyroidism in a hypothermic patient . Prot ei n
calori e malnutrition ( a s  in starvation, 5 3 5 , 60 1 , 6 02  
c eliac sprue , 6 03 or anorexia nervosa6 04 ) leads to 
decreased calorigene si s . In hypoglycemia of any cause , 
function of the centra l  nervous system thermoregulatory 
centers is disturbed because of low cerebro spinal flui d  
glucose concentration . 5 3 5 , 6 0 5- 6 09 Structural altera
tions in the anteri or hypothalamus6 10 , 61 1  ( tumor , 
stroke , trauma , gliosis , Wernicke ' s  encepha lopathy , 5 66 , 
61 2 , 613 Shapi�o ' s  syndrome614 , 6 1 5 ) can simi lar ly 
disrupt these center s .  In patients with spontaneou s 
peri odic hypothermia , there are no anatomic findings ; 
thi s  syndrome may be a manife station of an autonomi c 
seizure disorder . 6 16 In patie nts with cervical spinal 
cord transection s ,  the sympathetic fibers controlli ng 
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vesse l  tone and shiverinq are interrupted ,  leadinq to 
susceptibility to hypothermia . 617 Extensive burns , 
erythroderma, and exfoliative dermatitis618-62 0  a l so 
prevent cutaneous vascoconstriction and increase 
transepidermal water loss , 6 21 leadinq to increa sed 
heat loss and hypothermia . Barbiturates6 22-6 26 
( e specially short-actinq barbiturates62 7 ) , ethanol , 
diazepam, 6 28 phenothiazine s , 3 49 tricyclic s , 53 5 
and qeneral anesthetic s predi spose to hypothermi a 
throuqh interference with central nervous system 
requlation.  The use of phenothiazine & in patient s  wi th 
myxedema is especially dangerous. 6 29-6 32 Finally , 
some persons suffer chronic hypothermia with no demon
strable cause . 6 33  

One of the most important feature s to stress is  
that profound hypothermia may be di fficult to 
distinguish from death . 5 67 , 5 87 , 6 34 , 6 35 The patient 
i s  comatose . The ski n i s  cold and the tissue s  are 
stiff . The respiratory rate and tidal volume are low. 
Periphera l pulses are not usually palpable , and cardiac 
s ounds are difficul t to hear . Blood pres sure is often 
unobtainable .  Slowed nerve conduction prevents deep 
tendon reflexes and pupillary reactions.  The EEG may 
show no activity be low 2 00 . De spite these findings , 
h owever , full recovery i s  possible . 6 36 , 6 3 7  Thus, the 
diaqnosis of death under f ield conditions is usually 
not warranted .  Pe rhaps the best approach is  to use 
fai lure to revive fol lowing rewa rming as  the only secure 
c riterion of death from hypothermia . 

The therapy of accidenta l hypothermia ha s bee n 
reviewed. 3 88 , 5 86 , 6 3 5 , 6 38-642 , 7 25 Although therapy is  
tailored to the c l i nic al setting , rewarminq the patient 
forms the basi s , 5 71 , 6 34 , 6 3 5 , 643-656 and rapid 
rewarming increases survival . S B7 , 6 3 5 , 6 43 , 649 , 6 54 

There a re severa l rewarming techniques and they ca n 
b e  grouped into passive ( blankets , removal from the 
cold environment ) , a ctive externa l ( immersion in ho t  
water , electric blankets ) , and active core ( inhalation 
of heated qases , dialys i s ) . For most patients with a 
temperature greater than 3 20 , one of the passive or 
active exter nal te chnique s i s  usua lly adequate . In 
a lert , young , otherwi se healthy pstients or those 
suffering from hypothermi a  due to rapi d heat los s ,  
these techniques may be a dequate for temperature s even 
1 or 2 degree s lowe r .  Chil dren , because of larger 
surface area-to-w eight ratio , can be rewarmed from 
lower temperatures by external techniques . 6 57 

-2 5-

Copyright © National Academy of Sciences. All rights reserved.

Polar Biomedical Research:  An Assessment
http://www.nap.edu/catalog.php?record_id=19604

http://www.nap.edu/catalog.php?record_id=19604


For persons who have core temperature s les s  than 
3 20 ,  who have been hypothermic for more than 8 to 12 
hours , 649 or who have limited cardiovascular reserve , 
core rewarming i s  probably safer . 649-651 

Techniques such as extracorporeal blood warming 
5 71 , 6 50 , 6 52 , 6 53 , 7 2 8 and thoracotomy with pleural 
lavage7 29 have been used , but they are not practical 
for most s ituation s .  The use of heated inspired gase s 
has also been advocated. 5 7 0 , 6 46 , 6 47 , 6 58 , 6 59 
Theoretica l calculations , however ,  show that thi s 
method transf er s very little heat . 6 60 Cl inical 
trials have found

6
tr no more effective than immers io n 

in hot water . 6 48 , It i s  the only technique for 
active core wa rming for which portable equipment i s  
avai lable , however . 658 , 6 59 , 6 62 Rapid peritoneal 
dialysis has also been used . 62 2 , 6 3� , 649 , 6 63 The 
technique i s  easy and can be u se d  even i n  first aid 
center s .  It provides the ability to manipulate glucose 
and electrolyte level s and extract unwanted drugs . 

Re gardless of technique , the patient should be 
rewarmed unti l sweating occur s .  Thi s usually result s 
in some overwarming . If rewarming is stopped , however , 
when the patient subj ectively feels warm ( usually a s  
shivering ceases ) only half the heat debt wil l  have 
been recovered . 3 69 Core temperature is most easi ly 
monitored a s  recta l temperature , although tympanic 
membrane temperature may accurately reflect deep organ 
t emperature . 66 4-6 66 

Several problems are see n  frequently in persons 
with hypothermia .  The chi l led myoca rdium i s  said to b e  
irritable , and arrythmias are common. Ve ntricular 
f ibri llation is seen be low 280 and may account for 
the me chanism of death in most persons . At low temper
ature s neither DC countershock nor drugs canmonly 
restore sinus rhythm . Instead , cardiac ma ssage shoul d 
be instituted and the patient warmed to 3 oo . 6 34 
Spontaneous conversion may then occur , and fai li ng 
that , DC countershock i s  often successful . 5 71 Intra
venous ma gnesium sulfate may fac i l itate cardioversion . 
667 Bretylium tosylate may prevent ventricular 
f ibri l lation and may faci litate card ioversion. 7 52 

Although most author s a gree that blood ga s  
determinations must b e  corrected for low temperature , 
some argue that for practical purposes pH and pC02 
measurements need not be corrected . 5 91 , 6 69 , 6 70 For 
p02 l eve ls , on the other hand , corrections must be 
made by means of a nomogram . 4 80 , 6 71 The more funda-
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menta l problem , though , i s  that normative value s for 
blood gas determinations duri ng hypothermia have not 
been establi she d7  thus the consequences of alteration s 
o f  blood gases i s  unclear . Th ere is some evidence , 
however , that duri ng surgical hypothermia , sinus rhythm 
i s  restored spontaneously more frequently if the pH i s  
maintai ned below 7 . 3 0 ( at th e  patient ' s  temperature ) 
and pC02 at 4 0  mm Hg ( at the patient ' s  temperature ) 
during the time the patient ' s  temperature is below 
3 00 • 6 72-6 75 

During rewarming , the core temperature a lmost 
a lways drops initially . 3 69 , 4 0 1 , 4 21 , 6 61 As circula
tion is reestabli shed in the peripheral tissue , cold 
blood is returned to the core , and core heat is  lost 
warming the cold periphery . Thus core temperature ca n 
fall as much a s  3 to 5 degrees . 6 3 5 , 6 76 During this 
t ime , shock can also deve lop . The reduced blood volume 
i s  inadequate to maintain c irculation through peripheral 
ti ssue . The likelihood of shock is minimized if 
rewarming f luids are less than 4 Q0 . 6 52 

Many persons with accidental hypothermia have 
e levated glucose levels , often with dilutional 
hyponatremia . 541 Ce llular metabolism of glucose i s  
probably depressed . Sluggi sh isle t  cell function also 
contri butes to hyperglycemia .  ( Normal and sl ight ly 
e l evated leve l s  of insulin have been seen followi ng 
accidental hypothermia ; 524 however , insulin levels 
are below those appropriate for concomitant serum 
glucose levels in persons with normal temperature s . )  
In addition , peripheral ti ssues are probably re fractory 
t o  insulin action. 4 3 5 , 5 41 Th us doses of lnsulin 
required to correct the hyperglyc emi a may cause profound 
hypoglycemia as the patient is warmed . For this reason 
hyperglycemia should be treated conservatively . 

Although uncomplicated hypothermia does not lead to 
a lterations in aci d-base balance , associ ated vo lume 
depletion, circulatory change s ,  and underlying di sorders 
may complicate the situatio n .  Metabolic acidosi s  i s  
often pre sent5 35 and may be treated with cautious use 
o f  bicarbonate . 6 44 Analagous to the situation with 
hyperglycemia , pos t-rewarming a lkalosi s  may result i f  
the acidosis i s  too vi gorous ly treated.  Serum potassium 
is often high , but it may be low5 3 5 , 6 38 as wel l .  
Total body potassium i s  usually l ow and potas sium 
supplements may become necessary . Hypophosphatemia may 
develop . 6 77 
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other general supportive measure s are usually 
necessary . The heart should be monitored continuously . 
Change s in the electrocardiogram may persist several 
hours after rewarming , and widening of the QRS complex 
and prolongation of the QTc interval are us ually the 
last aberrations to improve . Congestive cardiac failure 
may develop . 6 78 Intravenous f luids are usually 
required , and in case s of slowly developing hypothermia , 
s evere volume depletion may be present . A central 
intravenous catheter may faci litate decisions regarding 
f luids ; but with cold re lated myocardial irritability , 
care should be taken to avoid it s entrance into the 
heart . Oxygen by ma sk or endotracheal tube may be 
required . 6 43 , 6 44 , 6 78 , 6 79 Ca reful attention to bron
chopulmonary toi let i s  neede d  because of i ncreased 
bronchial secretions . 

If myxedema i s  a c onsideration, levothyroxine and 
hydrocortisone should be give n .  otherwise , corticos t
eroids probably have no use . S 2 6 In experimental 
anima ls , low-molecular-wei ght dextran decrease s 
capillary sludging6 80 , 6 81 , 7 24 and may lead to improved 
chances of survival . 6 82 It s u se in humans has not 
been studied . In genera l the pharmacokinetic s of mos t 
drugs at low temperature s have not been establi she d .  
7 23 Some antibiotics a r e  less effective . S 64 , 6 83 
Ha lothane solubi lity in blood i s  i ncreased . 6 84 Non
depolarizing neuromuscular blocki ng agents are more 
active . 6 85 Because of the se vari ations from 
normothermic kinetic s , most drugs should be avoided . 

Commonly associated conditions include myocardial 
i nfa rct , stroke , pneumonia , sepsis , diabete s mellitu s , 
and uremia . 3 41 , 3 49 , 5 36 , 5 76 , 5 85 , 592 , 6 86-689 

Subsequent complications inc lude pancreatitis3 17 , 
5 94 , 6 90- 6 92 and disseminated intravascular coagula
t ion . S 94 An emia may develop , possibly secondary to 
dire ct eff ect s of cold on the bone marrow or damage t o  
erythrocytes duri ng cold- i nduced aggregation. l9 8 
Duri ng the 4 days following rewarming from 3 00 or 
31° , some patients showed drowsine s s, elevated spinal 
flui d  pressures , and elevated leve l s  of spina l fluid 
protein . S OO Emotional lability , memory loss , hypo
tonia , and othe r neurologi c findi ngs have been seen 
several days fol lowing severe hypothermia and may result 
f rom capillary s ludging and microinfarc tion. S 08 , 5 09 
Acute and chronic renal failure have occurred . 6 93 
Elevated serum enzymes ( tota l CK , CK1 , 6 94AsT , and ALT )  
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may indicate dama9e to liver , myocardium , or skeletal 
muscle . 6 9S , 6 96 

The mort ality from accidental hypothermia avera9es 
about 4 0\ , but may be as hi9h a s  10 0\ in patients with 
rectal temperature s less than 2S0 . 3 42 , 3 46 , 3 48, S 8S , 
S96, 6 89 , 6 97 , 6 98 Although the nadir of body tempera
ture i s  important i n  determining outcome , e spec ially i n  
patients with myxedema coma , 699 the nature and 
severity of the underlyi ng disease may be the most 
important factors . 698 Some c l aim that e levated leve l s  
of cryofibri nogenS S3 o r  serum l l-hydroxycort icos
teroidsS 34 indicate a poor prognosis.  Au topsies on 
pat ients dying from hypothermi a have not shown specifi c 
lesions . Ga stri c  mucosal hemorrhages and pancreatiti s 
are often seen . 2 93 , 314 , 3 1 7 , S 3S , S 8S , 686 , 689 , 7 0 0 , 7 01 

In summary , the clinical approach i ncludes diagnosi s 
and correction of disorders ( primari ly endocrine and 
neurologic ) that can predi spose to hypothermia . Treat
ment of hypothermia emphasizes rewarming and careful 
monitoring and support of cardiovascular , pulmonary , and 
metabo lic functions • 

c .  IDUI\ersion hypothenni a 

Because of the many accidents at sea , the problem 
of hypothermia from cold water immersion has rece ived 
special attention . 7 02-7 04 The higher thermal 
conductivity of water and other factor s i ncrease the 
heat loss in water to twice that in sti l l  air at the 
same temperature or approximate ly that of air at S 
mil es/hour . 3 86 At water temperature s above 2 70 
body temperature falls slowly for approximately 1 hour , 
at which time heat production from shivering balances 
heat los s .  If the water is colde r ,  recta l temperature 
fall s  faster and to a lower leve l . 3 86 One hour ' s  
exposure to water at 40 wil l  be fatal for SO\ of 
persons , 3 SS and almost all wi ll die after two hours 
at the same temperature . Similarly , most per sons wi l l  
survive i f  the nadir o f  rectal temperature is 3 30 , 
S O\ will survive a nadir of 31° , and very few will  
survi ve i f  the rectal temperature i s  below 240 . The 
factor s li sted previously have i nf luences in specifi c 
case s , and vari ation from these figures has been seen . 
Several formulas and nomograms attempt to integrate 
these factors to predict surviva l times or tolerances 
to col d . 3 86 , 4 07 , 7 0S-7 07 
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D .  Dermatoloqic disorder s 

Dry skin i s  a common problem that sometimes leads 
to fi ssuring , bleedi ng, and los s of function. Skin 
biopsies have shown epidermal thickening of exposed 
areas . 7 08 Many have noticed brittleness and easy 
fracturing of the fingernail s  and toenails . 

E . Ophthalmic disorders 

A unique type of corneal opac ity known as "Labrador 
k eratopathy" has been described . 7 09 It begins as 
minute droplet s of unknown material in the corne a a t  
the medial and lateral limits o f  the interpalpebral 
fissure . The pupi llary area may become involved , 
causing decreased visual acuity . In the late stage , 
large yellow cornea l nodule s are evident . The etiology 
is unknown . 

Sn ow blindne ss ( u ltraviolet keratiti s )  is a danger . 
Prolonged expo sure of the conjunctiva to ultraviolet 
irradiation under any circ umstances causes damage . With 
the many ref lecting surface s of snow and ice , damaging 
exposure can occur in severa l  hours on a sunny day . 
Because ultraviolet irradiation i s  fi ltered by th e  
atmosphere , a t  high latitudes the risk become s les s .  
Treatment is the same as that pre scribed in temperat e 
zones . 

F . Optical disorders 

Work in the cold causes problems for those weari ng 
spectacle s .  Plastic can become brittle and can break 
easi ly. Stre sses due to rapid change of temperature 
can in themselve s cause break s .  Grant ha s catalogue d 
the sites of breakages o f  frames . 71 0 Metal frames 
can cause cold injury if they touch the ski n  and should 
therefore not be used without coveri ng . Co ntact lenses 
may offer the fewest problems during outdoor wor k .  Wi th 
low humidity , however , the cornea i s  more vulnerable , 
and the lense s may not be wel l  tolerated . 

G .  De ntal disorders 

The high frequency of de ntal complaints has been 
recorded by many . 711 For example , in 1956- 19 57 , 9 7\ 
of men at one Antarctic base sou ght dental treatment , 
most commonly for cold induced odontalgia and pai n  from 
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hypersensitive cervical dentin. 712 Early explorers 
related tooth fracturing and loosening of amalgam 
restorations because of the cold . 7 12 , 7 13 Al though 
the teeth cool significantly during cold exposure714 
( the anteri or maxillary teeth may be as cold as 1 . 7o 
after one hour at -20 ambient temperature715 ) , tooth 
fracturing i s  rare unless the s tress of rapid change s i n  
tooth temperature i s  coupled with physical trauma t o  the 
t ooth . 71 2 , 713 , 7 16 Lo ss of restorations i s  usually due 
t o  decay , undermined enamel ,  or trauma . 712 Because 
tooth sensitivity due to conduction of cold through 
r estorations can be a problem, 7 16 restorations should 
have insulated base s .  Cold retards bacterial multipli
cation715 , 7 17 and stimulates saliva flow7 18 and 
these effects may explain the lower number of 
l actobacilli in saliva7 19 and the lower rate of 
c ari es7 13 seen in outdoor workers . De spite the 
protective effect s of cold exposure , though , there i s  
hi gher i ncidence of caries i n  the Antarctic . Th i s  i s  
p robably due to poor oral hygiene , frequent eating , and 
s oft food ( lacking in mechanical cleaning action717 ) .  
An increased i nci dence of a lveolar os teitis has bee n 
noted . 712 

H .  Miscel laneous 

Epidemiologic evidence suggests that with decreasing 
t emperature there i s  an increasing risk for myocardial 
infarct7 20 and a decreasing risk for toxemia of 
pregnancy . 7 21 

In summary , polar life leads to both adaptive and 
pathologic condition s .  We have tried to col late bi o
medical inf ormation pert inent to these changes .  We hope 
thi s  summary wil l  serve both a s  a re source and a 
s timulus for those l iving and worki ng at the poles.  
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