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1.0 INTRODUCTION

1.1 General Background

The objective in rewarming victims of i nvnerslon hypothermia is the
res toration of nor,nothernia w ithout  precipitat ing additiona l fatal side

effects. Sinc e i t  is known that victim s of mild hypotherm ia will normally
recover if t hey are simply removed from the cold , th. primary concern is in

the treatment of profound l y cold peop le.

Profound hypotherm ia is defined to be the l eve l of hypothe rmia in which

the me t hod of treatmen t rece ived by the patient can materially effect his

prospects for surv iva l . Based on the literature survey by Har n.tt et al

(1979) profound hypo t he rmia Is taken to Involve core t empe ratures at or

I 

_ _ _



~riow 31°C (about 88°F). Above this leve l the patients are genera ll y

.~~rrs c ious  and shivering, their respiratory functio n is not si g n i f i c a n t i ~
depressed and myocard ial irritabil i ty is not sufficientl y pronounced to

c .essita te delicate handling. Be low t h i s  l eve l the patients are generall y

unconscious and not shivering , their respira tory function becomes progressively

more de pressed and myocardia l I r r i t a b i l i t y  i ncreases.

Intense debate has persisted over the best approach to tr .’ating such

~.itie nt s and was surnarized by Harnett , et ai . (1979). Whil e the ~rrsent

pu rpc se is not ‘o reiterate the details of th is debate , i t  w i l l  be useful to

sta te the major points. The debate has produced t~~ sc hools f t~~~u~ ht -

~‘ie su ,po rtin g “ra pid” rewarming by the app lication of “ac tive ” rewarm ing

-a’tjres and the other ‘uppo rting “slow” rewarr~ing throug h a -~~re ‘ ;‘.is ive ”

~~- p roa ch . The debate has been fue l ed at least partiall y by the amb igu i t y

of the tcrm ~ r ap i d and slow , bu t t here  a re t~~~ bas ical l y different under-

‘ i nq ~‘‘ iioso~ hies. Indiv iduals advocatin g act ive r ,-w.l rni nç c i t e  the

de s r . i b i i i t y  of m i n im i : in g  the amount of time the patient is in the hypo-

t’ er~~ic st .ite and cla im tha t act ive rewarrning can when properl y applied ,

m i n ir ” i :r t~~e tendency t oward afterdrop (additional core coolin~, af t er

rer~~val f r ~~~ the cold). The advocates of passive rewarmin g ci t e the

!vndenc , of .~~t ivc rewarr-ing to produc e h~ ,’~ ten sion and to restore heat

to ~‘ar~~s f the t-~~~, before the distribu tions of el~~c t r ~’l yte. . t h r  acid-
t , ,~~r ‘ .i iance , the rcsp ira tory minute volume , and the d i s t r i b u t i o n  of

‘t u i ds w i t h i n  the body return to ne ar-nor m al . Hnweve r , the pr ’ponderence

o’ ,- ..idcnce for and against specif i c theiap ies is exF rccsed in ~e rrT’ s o f

Th eir t’~ ,- r ~~al  performance.

A ~henomenon termed “post-rescue collapse ”, in wI ich individuals rescued

f r o m  cold-w ater irYrlersion die w th in the ‘ext half hour or so has been

well documented (Keatinge , 1969). t’ nfortuna tel y, the cause of these deaths

a matter for conjecture. For some time the lead i ng exp lanation has

‘~ren a’terdrop in t he temperature of the heart resulting from the return of

rel at ive l y co ld  blood , associated with increased circulation throug h t he

l m b ~~. However , r e lativel y recent B r i tish research (Golden and Hervey , 1977)

ha s  cas t doubt on t h i s  mecha n i sm .

Golden and Hervey (1977) demonstrat ed that profoundl y-cold , anesthetized

pi gs (rectal esophageal and central venous blood mean temperatures al l of

2
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30.7°C) when put in a hot bath (41°C) exhibited some rectal afterdrop (mean

a t,out o.~°c) , less esophagea l afterdrop (mean about 0.2°C) and essentially

no afterdrop in centra l venous blood temperature . Furthermore , Golden and

Hervey indicate tha t when rewarmed with circulation stopped (by cessation

of cardiac function), the pigs ’ core temperatures : “agai n showed af terdrops
with rectal and gastric t emperatures lower than central venous .”

This report has provided the basis for a new trend in thoug ht which  may
be characterized as follows :

1 . Probabl y too much has been made of the phenomenon of
afterdro p which is  so regularl y observed at the rectal
site but which does not occur at core sites of grea ter
conce -n , e.g., the heart.

2. Since afterdrop does not require circulatory redistri-
bution of heat to occur , it is not si gnificantl y
influen ced by peri pheral vasod ila tation during Initial
rewa rml ng. Thus , attempts to heat the core wh. hout
promoting periph eral vasodilata tion are wasted effort.

No new trend in thoug h t has yet come forth to replace afterdrop as an

e,rp lanation for post-rescue collapse.

These views are , of course , not universally supported . Criticisms

of thi5 new trend in t hought inc ? uc4- the toilow i rrq .

I . The p i g is a poor analog for man in regards to peripheral
vascui atur e . It has onl y about 15 percent of it s body

as~ in the limbs compared to ~.O percent for man , and
t here are obvious differences between hoofs and high l y
vascula rized feet and hands. The pig therefore makes a
weak case again st the i nvolvemen t of -‘erip heral vasodila-
tati on n promoting afterdrop in man.

2. The amoun t of the afterdrops occurring without
ci rcu lation were not mentioned by Golden and Hervey ,
therefore , they can not be mean i ng f u l l y compared to
those occurring with circulation.

3. The hot bath rewarm i ng used by Golden and Hervey Is
widely recognIzed to minimize afterdrop as compared to
othe r techn i ques of rewarming . Hot bath rewarming
therefore makes a weak case agai nst the occurrence
of aft e rdrop a t  any particular core site.

t.. It i gnores t~ e observations of Cooper and Kenyon (1957) .
They demonstrated the involvement of circulatIon In the
rewa rm i ng of profoundl y cooled surgical patients who,

3
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when circulation was instantaneously restored (by
remova l of aor tic clamps) , began a s l i ght recession
i n  rectal t emperatLre and a larger recession in esophageal
t emperature,

There is no clear understand i ng of the nature of the response of pro-

fo undl y cold humans to removai from the cold and the application of different

rewarm ng t reatments . As a result there is no well established criterion for

~ ..ilua ting the m e rits of alterna tive rewarn.i ng treatments. Candidate c r i t e r i a

inc l ude , hut are not l i m i t e d  to . the following.

I . The propen sity to prec l ude afterdrop (intended to
aver t post-rescue collapse)

2. The rate of rewa rmin g (with some in div i duai s
supporting slow and others supporting rap i d
approaches)

3. The st ab il i :.i t ion of blood pressure (intended to
preclude h’~ s’vo1cm ic shock)

.‘ . The prevention of si gni fican t elec t ro l yte
disturbances.

Of course , some c .~~~inat ion of these and other cr i t e r i a  could he used as a

basis for selecting a rewar rring treatment.

Regardless of what evaluation criter ion is used , the thera;~y evaluation

—
~ .‘.t be based on the following three imperfec t sources of information .

1 . experiments with m i l d l y  cooled human volunteers

2. experi me nts with profoundl y cooled laborato ry animals

3. cl i n i c a l  observation s

~~~er i - r-’ts with human volunteers present di f f i c u l t i e s  in gettin g core
t,m~ er ati ,re ~~~~~~~ rec~ at the heart site because of adverse effects of the

in st rum entat ion . And even if this problem is circumvented , only mil d

~
,-~~~r . - s c  ions in core tr’”perature may be induced with reasonable safety.

Ihuc t Pie d.’te rr-i nat i on of selection criteria may have to compensate for

in di r r tne~~s of measurement as well as the mildness of the h~ pc’t hervnia

heing  tre ated. F ip e ri me nt s wi th animals allow the treatment of profound

,~~~ ‘ f b er m i a  and direct mracr,rement of temperatures at core sites of greatest

i -’e r es t. However , the app l i c a b i l i ty to man of conclus i ons regard i ng thera-

pe uti c effectiveness based on anima l studies is difficult to establish

I,
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beyond reasonable doubt. (This contrasts with the use of animals to i denti fy

;~-~en ti a l hazards ’ .) Clinical observations may be obt a i ned f rom cases of
profound hypothermia but the temperature measurements are often superficia l

and are obtained in a m i l l i e u  desi gned to save lives not to gather

controlled scientific data. While clinical observations may suggest fruitful

directions for systematic stud y, they are slow to provide a basis for evalu-

ating therapeutic effectiveness.

1.2 ObJectives

The objectives of this part of Task ii i  were to postuiate candidate
me t hods for rewarming victims of hypothermia in the emergency environment

and to desi gn and execute an experimen t to determine their effecti venesses

as rescue techniques. The rewarming methods were limited to those which

could be performed by an indi v idual traine d at the l eve l of an emergency

med ical techn ician . The ther ap ies were eva l uated for th e ir prospective

effectiveness in treatin g profound hypot hermia.

1 .3 Scope

The rewarmin g therapies evaluated in this research were formulated to

‘-ake -~aiimum use of equipment that was co n r w rc i a l ly available. The present

effort inc l uded no development of new prototype equi pment. The experimental

evaluation of the therapies was performed in conjunctiOn with the cold-

i r’ersion ‘ r o t e~~t,On equipment testing described in Part I of this report.

The evaluation was based upon data which could be obtained by appl y ing  t he

th erapies to vo l unteer subjects following their cooling during the cold-

i - i-crc ion exper iments.

5 
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2.0 THERAPIES SELECTED FOR EVAL UA TIG h

The therapi es selected for inc lus Ion in the experi ” .e nta l evaluation

a r e  the follo ...ing :

I. Spontaneous rewarrring
2. Trunk irvvnerslon
3. Inhalation the rapy

~s. Hea t ’ng pads
5. PL-’bed garment
6. Co-’blnat Ion of Inhalatio n and heat i ng pads
7.  Co’-bl ati on of Inhal atIon and plu’-bed ~,ar—en t
8. Body-to-body heat eicha rg e

Thera pi es 3 throug h 8 were inc luded beca~..se of thei r poter~t i a l  f o r

e ’fac tive se in the resc .~e erivlron -en t . Therap ies I and 2 were lncLded

for t eir .se~ ...lnes s as standards of conpar ison for the others , in t~ e

f~~llowI ng sections of th is ch apter t ”e conceptual basis ‘~~~r each ther apy

Is disc..ssed , the —an-,er In which It was applied during t~~e exper 1’en~ at i o n

is aescr lbed and all equi pme nt ussd I” a~f rm n l s t e r l n o  the t~~e ra p les is i dentif i ed .

2 .1 Spontaneo s Re...a~~~ir~j

S,x)r’tan.ou% re. ..arrrlr~g by shivering tb errnge re sis was L.sed a’ a co ”t r ol

ei~ rr I- ent in the evaluat ion . ‘~o active heating of any k i nd was g Ive’ ‘he

subj ects. They were sirp l y undressed to th e ir .~rdershorts , t c’ -.el dried (if

~. “e. me r e .‘.et), p lacid in a r .c1lr~.d posi tio n on a ~. inch thi c k ~oa— rub ber

‘~~ttr es s (co .ered by a cotton r-.attr.ss pad) and l r’r*dlatei y covered w i t h  a

standard acry l i c blanket. Tbl~ is i l l u s trat ed In Fi gure l I - I  “ a). ~b Is

posi tion a d  t~ ese r .atsrlal; were used in all dry re~ arr” 1
~~,s wl t~ orih ths

e’ epti . -s c It e d In the later sec t ’c-s of th is  c h apter.

T~~~ app rcac~ es were conside red fo r  ~e~ er~~ n ” 5  ..be’r to ~ .er the sub ; ect

w i t h  t~’e b l a~~ic~~. Th, si - p ~ est was to c~’.e~ ~i— a~ he be g i n n i n g  c ’ t he  re-

w a r — i n g  p .rtod . T~-’e oth er was to cover hir ’ w”en hIs a erage skin te—perature

ha~ s~ - ”’ a~ ecusly risen to the a— St i nt te—pera t ure of the e~ per t r~ent area.

Be:.~.se rd able noni tor l r g of skin and a— b le nt te—.pe-a’ ure in the rescue

er.I ron-’er t woul .~ present an operationa l co—p iex i ty and sin ce a~terdrop could

p~~e nti a l l y be - ‘Ini —ized by Insu lating th e surface of the cold body from art

endro”— ~,nt ~c-b ap s war— e”oug h to prorct. p .rl p ’~eral ci rculation but not

warm enoug h to produce si gnifica nt warmin g , ~he st— p ie approach of L .e r i ng

t he subject at the beg innIn g of rewar N in g wa s used.

6
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FIGURE Il — I
REWARII1PIG THERAPIES

~~~

(a) Spontaneous Rewa rm ing ‘- I

(a) Basic PlumP’ee4 ~ar ment

b) ~~~~~~ l ”r’.ersiort

(f) Thermal Con dltl on lrig Cart

(c) In h aIat o~ ‘“e~~apy

p - 

, I
(g) Position for Body-to-Body

Mea t Exchanget d) Heat in g Pad P~~ac.m.nt
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2.2 Trunk I nr4r% Ion Th.r~ py

~~
‘-

~~~ ;-i-~ rs~on of the body in Piot water Is gene rall y recognized to  be

~~n e ffec ti v e way to restore heat to the core. The tec hn i qu e has been
ex ar- ina d in prev ous research with various parts of the body l rrvner~.d in

the hot water w ith th. trunk. Th. resu l ts have varI ed and are di fficult

to o—pare dIrectl y. Based on the simp le notion that heat can be e ffectively

~ctten into the body core while m inImizing aft.rdrop by applying the heat to

the area irm edia tel y surrounding the core , it was decided to app l y th. hot

bath ~~erapy only to the trunk of the body. Tb. subjects ~ere not dried

tollo,.,ing the Ime rs ion phase of the experiment . They were l i ’ ted by

- er”bers of the research team and placed on theIr backs in a claw foot” bath

tj b  half f i l l e d  w ith 32.2 C (90’F) wate r . This position i s  illustrated in

Fi , re  i l - I  (b). Their arms and legs were kept from coming In con tact w it h

t~~e water at any time during the .xper irental rswarrring. The hater t emperatu re

was raised to ~3 .3C (1i0 F) over a pe riod of approxN.atel y 5 r’- t nutes and was

- d i -  t a H e d at th is tenpe raturs for the duration of the experi .—ent . Tie water

as adjusted to cove r the chest and the water was co n ti nuall y ag itated

o eii H ”a t e therma l stratificatio n .

~. th th, subjec t In this quasi -reclined poi ltio rt his b r e a t h i n g  ~assag e s

were ~e’ e r a l l y below th, top of the tub and were a short distance above ~ he

..r ’,~ e of the water. On. would expect th at t ” i s ..o..?d ser,n dlp itousi y c’o de ,

~~r I~~ t runk i r-r,erslon therapy , so—, of the heat bala n ce be’e fl ts of in h alat i on

t h e  ~~~~~

2.3 inhalat ion Ther~ p~

Tb~ therapeutic objective of Inhalation therapy l~ to t.r lnat. respi-

r atory -cat loss and to pro -ct , heat uptake by t~’e tissue s of t .  lung arid

t ’e blood circulating throug h them . Thl~ Is accoep)Ished b~ p rovid i ng  ti’.

patient a warmed , humIdified gas to breathe . Some heat Is carried by the

olecuie s of gas and some is re leased in the l ungs by the condensation of

wate r vap or . i n h alation therapy was conceived to pe r ” T t  th e tr eatmen t of
b -, p~~~~~~~ r r - j a  in rsn~~ e locations and in  unfavorable c~ nd I t lo n~~.

There is co nsi derable istitud. In the choice of a gas r- t iit ur e to be used

in t’~e therapy (see Har net t ,et al , 979). Because the thrust of these experi-

erts -as toward the therma l performanc, of each therapy and mildl y cooled

B
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test subjects were used , the th erapeut ic advantage of most m Ixtures (e.g.,

var y ing oxygen content) would be imperceptIb le.

For experimental purposes the the rapy was formulated to use ambient

a i r heated and humidified by a Bennett Cascade Humidifier. An open i oop

circuit was used to avoid the problems of sterIlizatIon of a carbon dioxide

absorber. The thermo stat was adjusted to mainta in the temperature of the

gas at ~,2 to 41. C in the mask. This required continua l monItorIng of the

gas te -p erature and periodic manua l adjustment of the thermo stat . The

th erapy was appl i ed with th. subjects in th, standard position as shown in

Fi gure l i - i  (c).

2.~ Heating Pads Therapy_

if one accepts the notIon that afterdrop Is promoted b~ peripheral

v asod lia t a t ion , the question then arises: “is It possible to rewarm the core

b~ appl y ing heat onl y to selected surface areas and thereby avoid promot i ng

aft erdrop ?” . The heating pads therapy was for m ulated to answe r this question .

Th e surface areas to which th. heat was applied (neck , lateral thorax end groin)

—c rc se1ected on th, basis of thermograp hs b y Hayward , et al ., (1973). They

rev ealed that these areas radiate heat from cold subjects (15 minutes in 7.5 C

watsr) at reli t iv el y hi gh rates. it was postu lated that sinc , these area s

ed i ate hi gh ra es of heat loss , they m i g ht , with sufficient heat applied ,

me dIate hi gh rat es of heat uptake by the core. The posit ioning of the heatIng

pad s Is ‘l lustrated i n  Fi gure il - i  (d). The therapy was applied under the

standard ac ry l~ c blanket .

T’~c ~
- .‘at nq ~ adc  u t i l i z e d  were 55 watt e i e c t r i c  pads w i th a three -position

control. T~ e , were (.;)erated on the ‘~h i gh se tting. Heating pad/skin interface

t c v ~ .r r..~~u re s  a round  ~1.OC were achieved. The ;i d ~ were preheated to therma l equi-

iibrh.r~~p r i ~~r ~o i n i t i a t i n g  rew ar-~ Ing . Terr ’, c ioth swatches moistened in warm

wa ter were pl a ced between the pads and the subjec t to fa c i l i t a t e  heat transfer.

2.5 Plumbed Garment Therapy

The plumbed garment therapy was conceived to perform in the same general

manner as the heating pads therapy -- by surface heating of selected boc~y

areas. it was deslr .d that the devic , tested be essentiall y one that Is

co’r’.rclall y available. The cap and vest garment shown i n  Fi gure il -i Ce)

was selected . The device is marketed as shown by the Aerot h,rm Group of

Acurex Corporation l ocated In Mountain View , Cal ifornia. For purposes of the

9
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research the garment was modif ied to Includ e two additio nal bladder s

~ h~~Ch could be positioned to warm the groin area. Pressurized hot water

was supp lied to the garmen t by the terma i cond it ion i ng cart shown in

F i ,,.re 11-1 (f ). The cart (part numbe r 245-300i 3A) was operated at the

tr pera ture setting (II ~ ’F) Ind i cated by the manufacturer to be the
-aximum saf e level.

The plumb ed garment therapy was applied w ith the subjects generall y

I n the standard position . However , the subjects we re rolled sli ghtl y toward

their ri ght side. T h l~ was determined to be necessary to avoid ~i n k )ng of

~ ~t rubber col’-ectors on th, lines carry Ing the heated water to the garment

a’d bac k to the cart. The garme nt was pre heated to therr-.ai equIlib rium and

i t s su faces whi ch contact the subjects were mo istened , to facilitate ~eat

:r a r s f e rs , prior to initiat i ng rewarr’~ing .

2.6 Comb inatIon Therap ies

r~~. the r ap ies were conside re d which were formulated as si”tH e coriblnations

~ t t e ra p ies previousl y described in this c ’ap te r. A corti-- atlo n of i a ~ atlon

~
-‘

~~ he ating pads therap i es was stud i ed as was a combirat ion of In h alatIon

a~~ pl u r~b.d ga r—e nt therapies. Because of the sir-pi e way In wh ich the se

t- e r a p i e s  comb ined , no addi tiona l descri p t ions are needed.

2.7 Body-to-Body heat Exchanje

it has often been rec.onrierided in popular publications that emergency

~reatrent of hypother ia should be performed by p l a c i n g  a r~orrct~’err-k m d l v i -

a l In a s l ee~ inç bag wi th the v lc t irr if b etter ~‘et” ods O r treatment canno t

~ app lied . The pote n tIal e xis ts for th e mo derate su r r ace l.eating contr i

t e~ by t e  “ormo the ic cc pani ofl to proeote si g n i f i c ant after drop whil e

t r lb .~t ‘g l i t  t e to t i , r esto r atio n of core heat ~ r o h ect I ye data h~ s

t~ s~~~ • ~~r t  or re ’.te t~e t~ e at— ~ -t of hypot ’~err .ia b’~ t he  e~ cha’y e of
• •i fr ~ t~cdy to a—ct -er .

In fcr— ~ iating the body-to-body seat •x haflge therapy It was decided

t h a t  t he t her .p.ut ic  effect to be I nvest i gated would be rest rIcted to si r— p ie

~at tran s fer without Introducing effects of a rousal result ing f rom cl ose

contac t be tween members of opposite sexes. SIn ce the i rr-.ersi on volunteers

were all ale ~ , onl y males were used as heat donors in the heat exchange

t~ r apy . T~ achiev. procedura l si mpl ificat i on s three of the authors served

as hea t donors . Their general ph ysical  charac teri st ics ar e shown In Table
I l — I ,

t o 
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TABLE Il- i
HEAT DONOR PHYSICAL CHAUC TER IST ICS

Donor 
~~t 

Mei~ht (cm) W ei ght (kg)

o ’B r Ien 29 170.0 65.8
Sias 47 77.8 79.4
Harne tt 34 182.9 86.3

Th e selection of a heat donor to par t icipa te in each rewarming exper imen t

was generall y made so as to match the heigh t s and weights of the heat donor
and the h eat rec i pient as closely as possib le.

It was deciilmd that volunteers wou ld be p ositioned to maximi ze upper

body contact and that peripheral body contact would be avo i ded in an atten~ t

to rrinlml ze the provm.i gat ion of afterdrop . Because local ized vasodi la t at ion
in re sponse to contact with the heat donor would facilItate subsequent

heat i n g  of the subjec t ’ s blood (and presumabl y his body core as w~Ii )It was

decided that the entire ty of rewa rmi ng would be accomplished with heat being

appi led to the ame area of th e subject ’s body. It was ant ici pated that

there would be some surface coo ling of the part of the heat dono r ’s bod y

contacting the rewarrIng subject. This would reduce th, t emperature gradient

betwe.n heat donor and heat recipie nt and the rate of heat transfer as well.

To d .terr-ine th, significance of this effect , a preliminary experiment was

conducted with the dono r ’s chist In contact with the recip Ient ’s back (both

wearing onl y shorts). The donor ’ s chest (pectoral) temperature was monitored .

The donor ’s initial chest temp erature was 33 .2C. it dropped to 30.8 C

It — m utes into re-~arr -ing . it recovered to 32.9’C tO minutes Into rewarming

re-e stablis hing r-uch of th. Init i al capacIty of the donor ’s chest to y ield
hea t. Thi s experiment revealed that there Is no compelling reason for the
‘eat dono r to continuall y change the area of hi s body wh ich is in contac t wi th
th e heat reci pient.

The body-to-body heat exchange therapy was formulated with the donor and
r e ci pient l y i ng on th eir left sides and clad in shorts . The donor ’s chest
and sto-ach were In con tac t with the rec ipien t ’s back. Their ext remities

were kept apart. They were reclined on the standard mattress and covered by

th e standard acrylI c b lanket as shown in Fi gure l i - i  (g) .
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3.0 EXPERI MENT PROTOCOL

3 .1 Methodology

It was recognlz.d at the outset that phys ical exertion by the

subjects during the transition from floating in the cold water to rewarming

could affec t their responses to the therapies. To minimize this effect

a “c h a i r  l i f t” apparatus was In st ai led (see Fi gure 11 - 2) to pe r m i t  effort-

les s enter Ing and exIting of the inv ersion tank. To further stabilize the

subjects ’ cond i t ion d u r i n g  this transition , th eir cold-protection equi pment

and clothing were removed by members of the research team afte the subj ects

had been Instructed to stand s t i l l  and relax as ‘ruch as possible.

The rewa rming experiments were conducted using the subjects whose
mo r p ho l ogy is described in Tab le 11- 2 . The experI m ents were conducted between

J u l y 7, 1978 and April 27, 1979. A ntinber of steps were taken~~ assure

~~~pa a b i l i t y  of results obtained In d ifferent experiments.

I. To eli m Inat , effects of diurnal varIatio n the
i mers ion experiments were generally sta rted around
1:00 p. m . eac h day. There was some var iation In
the start times of the rewar m ing s but they gene rall y
began between 3:00 and 4:00 p.m.

2. Participation in I r-vr~ersIon exper irent s , and hence
rewa rmlngs , requ i red that the subjects have taken
no medication or alcohol for 21s hours or food or
tobacco for 2 hours.

3. The temperature in the resea rch area was subject to
some control. An atte mp t was ride to conduct each
rewarming in 2 1 . i C  room a i r . Tab l e 11 - 3 shows the mean
ambIent dry b u l b  temperatures and relat ive h u r i d i t l e ~
existing durin g the conduc t of each rewarm lng therapy.

4. As mentioned earlier the “d ry ” therapies were perfo rmed
while the subjects were in the standard ized posit ion on
the foam rubber r -att r es~ covered by the ac ry l ic bianket.

5. Beca use of the volunteer ’s f reedom to wIthdraw from the
exp eriments at any p oint . I t  could not be ass umed t ha t
each wou ld perform each therapy once. As the experiment
pr ogram proceed ed, subjects were assig ned to th erap ies
to maxim ize the usefu l corp aris ons among t heir experi-
ments if they continued no further. The resul t in g
assIgnme n t of subjects to therapies Is Indicat .d in Table
II- ~. The Istters in th• “Iody-to-body~’ colu~ r~ indIcate
the init i al of the heat donor from Table l i - i  who partic i-
pat ed In each experiment. No subj ec t was allowed to
experience any therapy more than once.

12
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FIGURE 11 -2
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TABLE 11-2
REWARMING SUBJECTS PHYSICAL CHARACTERISTICS

Heath -Car ter
Somatotype

Subject Age Height Weight Components Surface Area
(cm) (kg) 1 II liT (m 2)

KC 21 185.0 85.4 3 i/2 4 2 2 .13

GE 23 182.9 65 .5 2 4 4 1/2 i . 86

CF 23 178.2 67 .3 2 1/2 4 3 1/2 1.85
BH 23 178.9 82.7 4 i/2 4 I 1/2 2.03

MM 25 i82.7 64 .i I i/2 2 1/2 5 1.83
MK 22 183.0 75.9 2 1/2 5 3 1.98

21 183.9 9 1.4 4 1/2 6 I 1/2 2.16

CM 21 186.6 70.2 2 1/2 3 4 1/2 1.95

24 168.3 63.6 4 5 2 1/2 1.73

MO 21 180.0 76.4 3 1/2 6 1/2 2 1/2 1.96

TP 25 185.2 76.4 3 3 1/2 3 1/2 2.02

CR 19 180.4 69.3 2 4 3 1/2 1.90

JR 21 178.5 60.9 3 3 4 1/2 ‘.78

21 187.1 71.4 2 1/2 4 4 1/2 1.96

SW 22 177.5 66.3 3 4 3 1/2 1.82

TW 22 177.0 74 .5 4 4 2 1.92

TABLE II- ~
COMPARISON OF MEAN AMBIENT TEMPERATURES AND

RELAT I VE HUMI DITIES DURING REWARMIN G THERAPIES

~~~perature (°C ) R e l a t iv e  H umi dit y (
~

)
~~an ~

~;~~‘t aneous R e w ar m in g  22.2 1 .1 56.4 3.8
runk -~-—e r Sson 22.7 2.3 59.0 4.0

~nhalat ion Thera , y 21 .1 0.6 57.7 3.4
Heating Pad s 21.3 1.4 5.1

~ l urrbed Garment 21.2 0.2 61.3 2.6
In~ alat ion + He~ rig Pads 22.3 2.4 62.2 5.1
rh a l at i o n + Plumbed Garment 2i .3 0.8 60.6 6.2
Body-to-Body 21.8 1 .4 58.1 6.6

‘4 
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TABLE 11-4
ASSIGNMENT OF SUBJECTS TO REWARIIING THERAPIES

~~~~~~~~~~~~~~~~~~ ing

c,, g o ~ ~~~~~~~~~~~~~~~~~~~~~~

Subjec t w,~~~ ~- — —~~~- xe. At.~ — X  — Q .  
— 

,— 
—

X X X 3
GE X X X X X x x 0 8
GF X X X X x o 6
BH X * 2

MM X * X 3
X X X X X x x S 8

PK X X X H I.

CM X X 2

RN X X X X I.

MO * X X 3
TP X S 2
CR X X X X X 0 6
JR X X X 0 4
BS X X X X X 5
SW X X X X X X X S 8
TW X X X H 4

TOTAL 10 9 9 9 8 10 8 9 !2

* Letters in this colunm Indicate the heat donor (from Table il-i )
par tici patin g In each experiment

Is 
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The ori g na l ei~perime nt protocol involved mon itor ing on each subject

Si~~ - k n  temperature s (great toe , thi gh , groin . subscapular , bicep and

forear m), rectal temperature (15 cm depth) , tympan ic membrane temperature ,

ICC and bloo d pressure. However . tympanic membrane temperature measure-

ment was discon tsnued after only a few e*periments. This was due to the

discomfor t and ri s k of injur y to the tympanic membrane resulting from the

im pingement upon the temperature probes by variou s cold-protection devices

worn dur ing the i ninersion phase of the ex p er i me~ t. As a re sult , the e ti-

mat ion of body ‘ co re” t emperature was based solel y upon measurements made

in the rectum .

3 . 2 Des~~ n c~ f £ ~ r i men!

it was anticipated in p lann i ng the exper iment program that con ducting

an inv es t i gat i on of rewar min ~ therap ie s integ rated into an in~ e t i gat ion of

cold-prot ection devices as diverse as those described In Part of this

report could comp lIca te the interp retation of the re ..ar—ing results. Th i s

a r t  Ic i pat Ion was based on the notion tha t va riatIon in the ar~~unts of cooling

and rates of cooling exper ienced by the subjects due to variations In the

protec tive equipment mi ght  affec t the apparent performance of the therapies.

Of these two rewarr’ing initia l cor’dltions (amount of coo l Ing and rate of

cool ing) It was thought that the amount of cooling mig ht be the more sI gnIf icant.

‘here fore , a method of controlling th~ desi gn of the experi m ent was adopted

wh i ch sought to distribute th is factor as unifor ml y as possible across the

t~ erap ie s. Tb. speci fic contro l parameter util i ze d was the rein amount of

cooling that occurred prior to the initiation of rewa rrnlng (including the

period of tran sition from cool i ng to r.warr” i rig). This para eter was cont ro l l e d

by adjusting ass i gnments of cooled subjects to rewarming therapies. Thus

the scheduling of rewarming therapies was done in a two-stage manner . A pre-

l imi ri ar y assi gnment was made on the basIs of the ant icipated cour se of the

cool i ng phases of experiments to be performed i n a g i ven aft.~~~on. Then

..,her changes i n this Course occurred (e.g., d ue to early te rmination of cooling

at t P e  request of th e subject) adjustments to the therapy ass i g nment were

made to balance the antici pated final value s of the control parameter. These

final va l ues are shown , along w ith the mean rates of cooling preced i ng each

therapy , In Table 11 -5 .

I’
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T.AILL 1-5
MEAN INITIAL . CONDITIONS FOR REWA RI’IING THERAPIES

P rior Coo i ng Rate of Cooi nQ~
Number of (OC) (0C/hr)

Therapy Rep I i cat I ons Mean S.D. Mean S.D.

Spontaneous Rewarming 10 1.1.1. .68 .82 0.73
Trunk Imers~on 9 1.42 .42 .62 0.58
inhal ation Therapy 9 1.41 .70 .79 1.25
Heating Pads 9 1.31. .52 .81 0.96
Plumbed Garment 8 1.39 .64 .85 1.01
I nhala tion + Heating Pads 10 1 .43 .55 .85 1.26
inha lation + Plumbed Garment 8 1.28 .62 .44 0.37
Body-t -Body 9 1.26 .63 .68 0.59

bJ ’~ed on iast 30 minutes prior to initiation of rewarming .

The mean c o o i i n g  prior to each therapy exh ibits a range of only 0.1 8°C (from 1 .26

to ~~~~~~~~~ 1t was , of course , not possible to simultaneous l y control the dis tri-

bution of rates of coo l ing  an~~ng the therap ies . This e x h ibits a range of 0.41°C/hr

t from O.s~s to 0.85°C/hr). The three therapies for which mean rate of cooling is

S -~~.r .,hat l oi..er than the rest are trun k in~neision . inhalation + plumbed garment and

~~d~,- to-body heat exchange.

C ’ e  ~i,a l convention was adopted to censor nonrepresentative results from the

ana i. si s . kewarming data was used from an experimen t only if at least 0.5°C

cooling was experienced by the subject prior to the initiation of rewarming . This

level of cooling was seiected . bas ed on the results of early experiments , as being

a reasonable cutoff point for evaluating the treatment of hypothermia. This

res triction resulted in rewi rm ing data be i n g  obtained i n  onl y 72 of the 90 cold-

-r~ersion exper -~rnt s perf rmed.

3 3  Instrum entation

The instrumentat ion used to monitor temperature data i n  this study was all

-anuI actur ed by Ye l low Springs Instruments. Skin temperatures were measured

w ith a Mode l 44T 0, 12-channe l moni tor (50°C face s~~ep) using Mode l 409 probes

(1 .1 second time constant) taped to the skin. Rectal and esophagea l tempera-

t~~~e s  were measured with i Mode l 46TUC . 6-channe l monitor (11°C face sweep)

using Mode l 1.01 probe s (7.0 second tim e constan t).



4.0 RESULTS AND ANALYSIS

4.1 B.:sis of Eva luation

The eva l uation of the pe r formance of the selected rewarming therapies

is based on three descri ptive parameters of therma l response Illustrated ,

for a typ ica l experiment . I n Fi gure 11- 3 . The parameters are the following.

I . After drop

2. Recove ry pe r Iod
3. Rate of rewarm ing

A f t e r d rop Is take ’ to be the magn itud . of the r~axima 1 depression

In rectal t e— peratur e occurri ng after the in i t i a t i o n  of rewarr l ng .

The ‘recovery ” period is defined to be the time required for  the recta ’

te p e ra tu re to return to the level that it exhibited at the InItiatio n of

re.-armlrig . The deter m in ation of the “rate of rewarm ing ’ is based upon the

res orse durin g the fIr st 30 minutes af ter the occurrence of tbr rlnim um

~er- p e r at ur e , or , I f  less than 30 minut es data was obtaIned , It was based

.~pon the entirety of this data. These three parameters arc regarded as

adequatel y describing the response of core temperature (as approximated

by rectal measure-ent) to rewarming treatment.

4.2 ExperIm ent Results

The results of the rewarm ing experim ents are g iven In Appendix A and
are sur,’-.arlzed In Table 11- 6 , TP~is table g i ves , for each of the three des-

cri ptive p a ra me te~ s , the mean value and standa rd error of the mean (5.E.M .)

occurring wIth eac h of the therapies.

As expected , trunk irne- slon exhibI ted the sm allest —ean afterdrop and

mean recovery period and the largest mean rate of rewarring. Of the ‘ port able ”

ther apIes , the afterdrop occurring durIng spontaneous rewa r-’Ing was essen tiall y

as s—all as any . Sy comparison , body-to-body heat exchange exhibited a 61

percent Increase Ir’ a’terdrop and a 19 percent increase In recovery period ,

bu t  also a 35 percent increase in rate of rewa rmlng. Of the 8 subJects m di-

cated i n  Table 11 -4 to have receiv ed both spontaneous rewa rr’Jng and body-to-

body heat exchange , 5 experIenced more afterdrop and 5 exp .rlenced a longer

recovery period w i t h  body-to-body heat exchan ge , but 6 experIenced more rapid

rewarming with it.

18
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FIGURE 11- 3

TI ME TEMPEMTURE PROFILE:

LATE COOLING AND EARLY REWA R$ING
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Inhalation rewarmlng also produced as l i t t l e  afterdrop as any

;~ r~ ab i e therapy. This was not improved by augme nting it with the heating

pads or the plu mbed garment. Augment i ng inhala tion therapy with the

p I..~~ed 9arment shortened th, recovery period by 35 per cent and increased

the rate of rewarm i ng by about 8 percent. Five subjects r .celvsd inha latio n

• th er apy and inhalat i on irs comb ination with the plumbed garment. With the

~u~~ s natIon , 3 exper Ienced less afterdrop , onl y I exper ienced an inc r ease
in the recovery period end only 2 experIenced a dec rease i n  the ra te of
ra .arrting . Augmenting inha lation with the heating pads shortened the

recovery period by I0~ but also exhibited a reductIon in mean rate of

rewarming of about 22 percent. Seven subjects received inhalation therapy

and irth ai at lon in combination w ith the heat ing pads. With th, combination ,

oni y 3 experIenced less afterdrop , only 3 expe rienced shorter recovers

period s ard only 3 experIenced increases in the rate of rewarm i ng.

Co—par ing inha lation combined with t 1o heating pads to spontaneous

re..arr-ir~~~, t’e active rswa tming result s In the same afterdrop as spon

:.o~ e~~s re.4arming but it af fects a 28 percent reduction In the mean

recovery period and a 32 percent increase In the eart rate of rewarming .

Cf U’e 7 subjectS who experienced both spontaneous r .warrrlng and inhal ation

co~bined w i t h  the heatIn g pads , 5 experIenced less afterdrop with the active

r e~~ar— 1n g, 6 experienced shorter recovery perIods but onl y 3 exper i enced an

‘crease In rate of rew.r’.’lng.

F i n a l l y, compa r i n g inhalat ion comb i ned with the plu mb ed garment to

spi~~~e— i.c..s re .-tar ”ing , th e active r.warrnlng i~ seen to af fect essentially

no )‘ange ifl — can aftsrdrop but a 40 percent reduction In mean recovery

~er lod and a 95 percent ncreC se in the mean rate of rewarmIng. Of the 5
s.tjects who experienced both sportaneous re...arml ng and I nhalation comb i ned

— t 5’i t” e p l.~~ted  garment , 4 .xpe r~enc.d less afterdrop with the ac t ive re-

w ar—Tn g , 3 ex perienced shorter recovery periods and 4 exp.ri.ncad greater

r ates of rewar r-ing .

4 .3 S i gnif I ca n ce of Differe n ces A o ~ g Therap ies

M any comp ar isons a-ong the therapies are possible for each of the three

perforr-arce para m eters. A coro’cn approach to Invest i gat ing these differences
is ana l y s i s  of variance (ANOVA). The ANOVA wou ld reveal w$~e the r  or not any

s c-’ ’ficai t differen ces •xIst among th, therap ies. If significant differences

are Indicated to exist they may then be Identif ied by app l y ing one of se veral

2 1



• post-ANOVA techni ques. One of the requirements for ANOVA to be used is

t ha t  t Pa e pa ra- ’ete r  variances w it h I n  a ll th erapies must be the same .

Because of the un i formity of samp le s iz es , examination of the s tandard
• e rror s of the means g i ven in Table 11- 6 indIcates that th is assu pt ion is

not warranted . Therefore , to assess the si gnificance of t he diff e rences

among the therap ies  a l l  p o ssible pa l rwise comp arisons among them were

r ..irine d with the 9ehrens-Flsher t-Te st. This y ields a test s t a t i s t i c

. ‘i L h  I s  k~~o...n to be approximate l y distributed accord ing to the St~.der’ t ’s-t

d i s t r i b u t i o n  and it y i elds an esti m ate of the deg rees of freedom corresp ondin g

to the test statistic. These could be used to dete rr - T roe ~~et h er or not the

~iiffer e r ’ Le~. a r e  si gnif ica n t at some given level of si gni ficance. ftut

r,c~ s iess informa tion than is available. rhe level of s l gnl’i cance

at ..? ‘ i L h  each dlffereroc. i~ si gni fican t has been computed. Th i s is c ften

e err ed to as the probability of a larger t’ .

T~~e Iev e t s of s i gni fI ca nce (one-tail reject ion rCI* r’~ a r e  sh own for

• . iris o r, s i tt a fterd rop i n  Table 11 - 7 , for Lompa~~iSons i’- ‘e ~ c .er’~ ~er1od

in T~i tle 1 1 - 8 , and for CL ’parisOn s irs rate of re .armln c in ~abl. 1 1 9 .

~~e a pra ’a~ ce ‘f a r’ u ber in a c e l l  of th eSe tables In d icates that Y~e

t erapy corres~’or’ding to the c e l l ’ s row is superior to the t erapy c~~ r res-

pondi ri ç to the c ell ’ s column at th, lev el of si gni’lcance glve rr by the

er  i n  t h e  c e l l .  For examp le the .08 irs the f i r s t  row ‘ rable 11- 7

Irdicate ~ t r ’a t  trun k I —v-tcrsIort is sup erior to inh a l a t Ion th er apy (with

re ,a ’ci to afterd -op i at the .08 level of si gn ifIca nce . Tbi ~ rear’s that I f
. afterdrop assoc iated w l t n t~ ese two therap ies are ide t i ca i , the prob-

a~ I i l t ~ of ~;ett ? ng t i e e ,tg ar ?i— ,srtai results obta ined ‘~~~t h  t~ e due to
-
~~~~

-
~~ -—es ’. is .08. To fi’i d hi ghl y si gni fi cant d i f fere r ’ es , o-e shou ld scan

t e ~ e t~ t ’ es ~or s- a l l  ~~~~~~~ For convenience , the cel l s c on ta inin g

s l gnIfk~~~ce iev~ I s  o f about 10 percent or les s ha we been circ l ed. Le els

above 10 percent are generall y not regarded as t ru l y sI g n ifi ca nt.

It is a p o sitive i nd i catIon for a th e r apy to ave -any c ir cles in Its

row and a ‘-egat ive i n dicati o n for a th erapy to have many c i r c ° es in i ts

colunvo . T”us ii , regards to afterorop, Tabl e 1 1 - 7  i n dicate s spontaneous

re . .ar . lng , In h a l at i o n rewar ing, I n h a l at i on comb i ned wi t h th~ heating pads

and in h alati on combined with the plrb .d ga rm ent to be the best f the

port abl e th erap ies and heatIng pads and the plu ~ btd ~~ ‘rar’t •r, indicat ed

to be the least attractive among the th erap ies. S i m I l a r l y, Table I I  B

L 
_ _

_ _ _ _ _  
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i r t j i~~j~~~ tha t regardi n .~ re. overy period . in haIôti ~ ,r itt t , i ned w i th the

p i~~~e~ çar ent is attractive . No particular therapy of the portable

ones is Indicated by Table i i- 9 to be attractive regarding rate of

re..arrin g . However , wh ile t rse si gnif ica nce le vels a re not small ,

inhalation combined with th, plumbed garme nt is superior to ‘ore

of the other therapies (al l but trunk i isveerslon) than any othe r p ortable

therapy .

• 4.4 CorrelatIons of Resu lts with
ExperIment Initial Conditions

To determine the role that varIation in rewarmiro g initia l conditions

:o-o.~~t of cooling and rate of cooling) plays In dete rm inin g the outcome

of t’~e rewar -ing experiments , the co r relat ions between each of the three

re -ar—i ng performan ce parameters and each of the In i tia l conditions was

i ’~e cz i gated . Pearson ’s product-r’omerst correlation coe ffi cie nt was

L d l c . iated for each combination of performance parameter a d  I n I t i a l  corodi-

ti ~~r’ f ur each re .a rri n g therapy . Table l i - i C  shows t~ e cor el a ’i o ro co-

e f ’ic ien ts r esulting from correlating af terdr op w ith each or the irs~ t ial

cond itions. None of the r val u es has m agn i tude axce ed in~ 0.71. Tab l e

11-H g lv•s the reSults for ccarr.Iat ions between recovery period and each

h.) ’ t ’ C i n i t i a l  conditions. The ‘ag n itudes of these coe ffi cie n ts are also

l H i ed to 0.71 . Th e correlations inv olving rat e of rewa mi n g, shown In

Table 11- 1 2 , range to la rg er va l ues wi th 2 of the having egni tudes above

0.8.

Based on the laB correlation coe fficient s in Tabl es 1 1 - 1 0  throug h 1 1 - 1 2 ,

onl y 2 of which have ma gnitudes above 0.8, it Is concluded that the results

of the rewarr’itog experlroents were not materially in f’ ’jenced by variation in

~Ne re ..arrring i ni tia l conditions. As a consequence of this f inding it is
con~~~d•~ that the integration of the rewarming experlements into the pro-

tection equ Ipment tests did root m ate ri all y detrac t from the validi ty of

the rewarrlng results. It should be recalled that the rewarming experiment

desi gn balanced the amount of cooling among the the rap ies such that val id

resul ts could have been obtained ever’. if this initi a l condition had been

found to correlate r .iiabi y wit h one or more therapy performance parameters.
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TABL E 11- 10
CORRELATiON COEFFICIENTS FOR AFTERDROP

INDEPENDENT VARIABLES

THERAPY AMOUNT OF COOLING RATE OF COOLING
Spontaneous R w .rmtng .70 .7 1
Tr.w’.k Ivrwnersion .56 .25

i nhala ti on ~ewarming -.22 .22

Heat ing Pads .12 .44

Plumbed Garment .16 .63
I nhalation + H.P. .08 .27

I nhalat i on • P.6. - .22 -.50

Body- to-Bod y .1.9 .13

TABLE Il - I l
CORRELAT I ON COEFFICIENTS FOR RECOVERY PERIOD

I NDEPENDENT VAR I ABLES

THERAPY AMOUNT OF COOL I NG RATE OF COOLING

Spontaneous R.warming -.07 -.07

Tr unk lmr~ rsion .27 -.17

in halation Rewar ming -.1.3 - .25

Heat ing Pads -.19 .23
Pl umbed Garment .36 .10

i nhalation + H.P. -.21 .05

inhalation • P.C. - .1.6 -.71

Body-to-Body ~‘.67 
- .113

TABLE 11—1 2
CORRELAT I ON COEFFICIENTS FOR RATE OF REWARMING

INDEPENDENT VAR i ABLES

THERAPY MOUNT OF COOliNG UTE OF COOL ING1

Spontaneous Rewarming .08 .03
Trunk Iuvn,rsfon .611 .03

i nhalatio n Rewarming .92 .85
Hea t ing Pads .1.1 .1.2

Pl umbed Garment .59
I nhalation + H.P. .23 .01

I nhalat Ion • P.6. .72 .73
Body-to- Body .37 .711
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5.0 ADDITIONA L EXPERIMENTAL OBSERVATIONS

Late in the sequence of experiments , one took p lace i n wh ich only
abou t O.3 C net cool i ng occurred during the 3-hour cold i mmersion.

Because this did not meet the O.5 C minimum cooling criterion , no attempt

was made to obtain da t a us i ng one of the 8 rewarmlng therapies Inc l uded

In this research. Since the hot ba th had been pr epa red a nd was not goi ng

to be used for a rewarmiri g experiment , the subjec t was inv i ted to sit in

it to rewarm for comfort. Before entering the 35C (95’F) water ,his skin

te ’peratures were as follows .

Grea t toe l6.9’C
Thi gh 31.4’C
GroIn 35.0 C
Subsca pu lar 23.6 C
Bicep 29.I’C
Forea rm 28.7 C

1~ e s~~ject entered the tub unassisted and assumed .s seated position . I4i~
‘eet , legs and torso up to the waIst level were I rroer~ ed in the hot water.

‘‘c s.rface te ’pera ture s of his toe and thi gh I recii ate ly ~armed to 33.0 C.

Fol l owing an initial small rise , rectal temperature fell by O.59 C in

a 11. f’lr~~te period. As shown in Fi gure II-S . , th is represents an increase in

the rate of rectal t emperature reduction of an order of magn 1 tude as cc-

pared to the last 30 m Inutes before •ntering the tub. After some fluctuat ion

near the r-Inlmurs temperature , a recovery of O.44 C occurred in a 19 minute

per iod ~or a rewarmlng rats of I.39’C/h r.

If afterdrop was a manifestation of a conductive heat t ransfer pheroornenoi ,

as was suggested by Go l den and Harvey (1977) , one would expect to see after’

drop proceed Initial l y at the same rate as did cooling la te In th, cold

I- mersion. The rate of afterdrop ,, when measured rectall y and with legs and

l ower torso i”rersed In warm water , should then beg in  to dec rease In a con-

tinuous fashion until It is smoothly reversed . Th. rise in rectal t emp erature

should proceed In it ial l y at an increasing rate followed by a period of slowing

In the ra te of warming as the temp erature approaches its nor mal leve l (it is

assured that the warm water would be at a t emperature near norma l core temperature) .

Th is response t ,, of course , i de ali zed and normal “biolog ical variati on”

is to be expected . Howeve r , the precip i tous increase In the rate of rectal

28
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temperature reduction (while InItially sitting in the hot water) as

~~ --, a red to  the rate prevai l ing prIor to entering the hot water , trans-

cends one which can easily be explained as a biolog ical va ria tion of a

..onducttve hea t trans f er phenomenon. I t probably resulted from th.

increased return of blood to the body core (rectum) after having y ielded
‘uch of its hea t to p eripheral ‘issues (legs).

Two weeks lat er , a proper trunk Immersion rewarmlng was done with

t~ e ~.a- e subject f o l l o w i n g  a 191-minute cold Immersion . The protocol

~es..ribed in Section 2.2 of this report was followed. The ne t cool ing
p rior to re..arr’ing was O.93 C and the rate of cooling over th, last 30

min ut es prior to re~arr-ing was O.)P’C/hr. Fi gure 11 - 5 compares the course

of rectal t emperature during this trunk i mmersion to that occurring while

t~~c subject was seated In the hot wate r. it may b~ seen that dur ing the

t r .~rok H ersion no afterdrop occurred. This Is taken as ~n ind ication

t b ~~~t the I - r e r s i o n  of the leg s during the ea rlier r ewarm ing p layed a

L au sal role i n  p r~ —ot I ng the precipitous afterdrop seen at that time.

I n  an at te—p t to gain more insi ght Into the cor e l ation between rectal

and esop ’ageai te-perat ures in man , an immersion experiment was conducted

~..lth the test subject instrumented for measu rement of both. This experimen t

~as done In ac cordan ce with the protocol described in Part I of thi s

re~~Jr t except for the addition of the esop hageal tem perature probe (Inserted

33 cm beyond the nostr Il ). In the coo ling phase of the experiment , (shown

In Fi gure 11-6) , t’~e esophageal temperature began at 36 .8la’C and rectal

te-’ p~ rat u r e began at 36.57 C. The two temperatures In i t i a l l y Increased by

a~~ut the same amount and they peaked at about the same time . But

esop hagea l temperature returned to Its initIal va l ue about 10 minut .~
be fore rectal and continued to l ead the earl y coo ling. Between 80 minutes

arid $90 mi nutes in the cold , esophagea l temperature exhibited a hunting

(oscillatory) response while continuing to drift gerera ly downward. During

this tI r e , the rectal measurement dropped cont i nuously with the result that

It had fall en by O.7 C ore than had esophageal temperature at the end of

the cold i ,,rersion.

Fo l lowing the cold-immers ion , a rewarming expe riment was performed to

determine If aft erdrop occurred at the esophageal s i t e  and if It was promoted

by warming per l phera i tissues. ts’ore beg inning rewirm i ng , the subject ’s
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FIGURE lI-S
COMPARISON OF LEGS IN AND OUT OF HOT WATER

Subject: PM

.6

Trunk immersion RewarminQ

~~~unt of Prior Cooling • O.93 C
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FIGURE 1 1-6
COMPAR I SON OF TEMPERATURES DURING COOLING

Test Subject: 1W
Test Artic le ; DFZ

Water Tempe rature: I.9’C
.2 
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skIn temperatures were as follows ;

Great toe i6.5 C
Thigh 32.8’C
Groi n 35.I’C
Subscap ul ar 23 . 1 C
roraarm 2 2 . 1 C
Bi ce p 26.8 C

Afte r remov i ng the subject ’s clothing he wa s sea t ed in  the tub wi th  legs
and buttocks imm ersed In water at approximately 36’C. in addition , his

hand s and forearms we re immersed to the elbows . The toe probe was lost

during re-~ va1 of clothing. Aft er In itiat Ion of rewarming the thi gh

temperature i rrr~.diat.l y rose t~ 35.8’ C and forear m temperature rose to

3~ .6’C. The courseS of esophage al and rectal temperatures are shown In

Fi gure 11-7. TIme and changes i n  the temperatures are measured relative

to the beg inning of rewarmlng.

Af t er ex i t i n g  the cold water , an esophageal afterdrop of 0.22’C

occ...rred du r in g the 5 m Inutes prior to entering the warm water. After

enterin g the ~.arm wa ter , an addItional O. 1I 1 C  afterdrcp occu rred in a 2-

mI nute period . Thi s aft.rc ,rop appears to have been ur~derway when the

sub jec t entered the w a r m water. The increased rate of afterdrop after

e n t e r i n g  tk e warm water may Indi cat , that It was promoted by the pen-

p Pi, rai surface warm ’ng. Whateve r Its cause , Fi gure 11- 7 c lear l y shows
t~~at  an a f te rd rop ha . occurred at the esop hageal si t e In a ‘nan. The response

of ~u N  afterdrops to differ .nt types and amounts of peripheral warming

to be Iliuc idated .

33

- ~~~~~~~~~
- 

. - --— - .~~.--- ~~~~~~—



FIGURE Il- i
COMPARISON OF RECTAL AND ESOPHAGEAL AFTERDROPS
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6.0 DEVELOPMEN T OF A BASIS FOR THERAPY SELECTION

This chapter presents the development of a rational basis for

selecti ng a rewarrring therapy with maxHum effect iveness for treatmen t

of profound hypother m ia In th, field. Fir st , p rioritized criteria for

therapy selection are developed . Then special co pe-satlons are dis-

cussed ...hich must be made in  th erapy select ion because of fundamental

d i f f e re - ce~ be tween the conditions of the subjects of these experiments

and t i~e conditions to be expected in a vi c t i m  of profound h ypother mia.

6. 1 E s ta b li s hIn g ~C r I t . r i a  fo r  Therapy Sele ction

Before one can selec t a re ..ar”ing th erapy for use in the re scue

en~~~ rurr ent . one  -
~~st  e~~tab iIsh a criterion or set o~ c r i t e r i a  which

descr~ t e s t h e e”ecti. eres s wit h ,.btch pro ’cu nd ~,pct h e r r-1 a !s treated in

t” e ‘lei d. Establis h i ng such cr i t e r I a  prc~~ides  a b as i s  fo-r s~ st e rati c

evai ..j~~io n of al t e r r a t i v e  t h e r ap ies by helpin g to struc t~.rE their companisot .

For a ? i : i ng t ’ e th e apy selection process ay also aid dI scussion

a—c”g researchers , it clearly d i s t i r g u  shes between the prob l em of selecting

c ri teria ~~~ the evaluation of th erap ies , and the ~robler of selecting

t” erap ies ~~s i n~~ esta b ils ked ctl te n ia . h ..s debate may focus on the proper

bask for  selection separatel y fror’ the interpretation of research results

In t” e context of ~~n estab l i s ed ba *Is .

T’ e three eJsu ’ss of perfor anc. a’terdrop , recovery per io d and rate

of rei ..ar—’g) used to express the res u lts of ti es. experiments were selected

beca use Y’e , .~e re f e l t to describe all t~e p~t.ntI a ll y-important the rmal

as pects of t” c rewa~ —~ng process. Pr esu ma bl y, one ihould be able to des-
cribe re...ar—Ing the r ape u tIc effective n ess i n  term s ~ f the se pa ra -eters and

t e ~ e’~~’e , be able to define with them c r i t e r i a  for the selection of a

ther apy. (This was assumed to be so when the parameters were chosen’) The

q~ e~ t~~o’~ re -ai rs , what are the relative i riportances of these parameters to

a e~~~~re~~ s ion of the .~ fect Iv ene ss of rewarring “In t he field” .

6.1.1 RatIonale for Performa nc e (valuation

A dis tin guishing featu re of the emergency treat me nt problem Is that

“ron -equilibra ted ’ pat ients gene rall y must be treated . These p~,ti’ n t s still

~‘a.e m uch-restrIct ed peripheral circulation. S~ cb patient s , when very cold ,

are at risk of e * r p e n ie nclrg the afterdrop s in rectal an ty rp a ric temperatures
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reported fr eçuentl y in the literature. Two questIons must be addressed to

de te r He t” e potential si gnificance of these af terdrop s. The fir st Is ,

..e~ :‘e ..r’e~ ce of these af terdrops mean tha t it Ii also occurring

at t~~e ~eart . The second relates to the i mportance of this afterdrop

re lati ~ e to the other thermal aspects of rewar min g and will be addressed

i n  SeLtion 6.1.2.

A t re  ti - c  of this writin g there Is divided opinion among researchers

as :~ ... ‘ e ’.h e r  or rot after~ rop occurs at the hear t s ite when It is exhibited

in ~ r c ,t j ii ,-~ easured t e’per azu re course , GoId .n and Hervey (1977) raked

t i s  ~, e t I o n , and also c a l l e ged the prop osition that afterdrop is promoted

~ ,,eri~ ’ e’aI ~asodIl a ta tion. It i s  i mportant to recogni :. that their obser-

at i ‘s l~ als e t h e  q~eesti ons. They are far r rom p r o v i d i n g  definitIve

i- jt - s ~b I~~b a re c~ ea rI y app licable to m a n .  No d e f i n I t h e  answ ers to

‘-~~~~~s ca r be drawn from the present research (a1tho u~ P~ some relevant

- ~ Se .a ions  we re prc~ erted in Chapte r 5).

- ‘ ic th ere —ay be di ’’sren ce s bet ween the response of rectal t emperature

i ’ t’~’ e  eas ,.red at more ce n tral sites , It is the authors ’ pos lti on that

rn ~al ata a , te used as ar index for comparative assess -erts of t i e pro-

.~~“s It ~~’s ~~‘ var ious t erap les to avert a f te rdro p which would affect mu ch

of t~~e core. A ’terdro p re”.alrs prob abl y the bust explanation f o r  ‘‘post

~~~c~ e oiia, s e .

‘ rre Is s i q r i f ~ ca’t v ar 1 a b l l l t y  among Individuals in the ext ent of

(-~‘e ~o~ i i r g  .‘icb w~ul~
j t~ ‘lethal” for them . As indicated In t h i lltera-

r~~~ r~~ re~~I e.. b~ -arr e tt , et al (1979), there is conside rabl e evidence that

~‘ r ~.‘ha ’it ~ of cooling ca n be dete rm ined onl y by the inabi l ity to resusci-

ta t e t e  vIc ’ J ? . Wh ate v e r th . leve l ~ f cool i ng that would be letha l for

a ~a t ic ...lar individual , It is probable that he could b. resuscitated by

sI—p h’ e_t - .irg ~Im from the cold and hand lin g him with care If h. is not

r,~ r ‘ c - ‘‘ .11 I e . q ’ i.  .‘~c ~‘te rdrop ~i C I I r e  tr’.’rra ture deep ens , the r i s k

~~~~~~~~~~ t ’ ,’ .~ Ir~~’-~~I ~e ; e r ~~’ urr ~~~ he r~~ cnjntered ~~~t er t r e a t m e n t

•
~~~~

, t*’ ’~~~ ” .

.rr , Pe’ od

• .eni od rc!,~~rc tr t b r  ~m, . 1 n of  t im~’ the v~~ t im is in the
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most-dangerousl y-cold t emp erature range . Remaining In this temperature

range Increases the ri sk that some accident while hand ling the v i ct im wi l l

occ u r Inducing aftsrdrop or mechanically interfering with normal cardIac

function .

Ra te of Rewarm ing
The rate of rewa rm ing relates more to the t i me that the victim ’s co r e

temperature is subnormal. It does not relate directly to the time the

victim is in a li fe -thre aten i ng condition.

6.1 .2 Formulation of Criteria

The three performanc. measures used in  th i s research address different

aspects of the rewar m ing process yet ther e is some conceptual linkin g

among th em . If t he af terdrop is large t hen the recovery period tends to

~e long. If no afterdrop occurs then the recovery period is , by definition ,

of l ength zero . If the rate of rew arm lng is large then the recovery per Iod

te~~ s to be short and , inversel y, a sr’-,a’I~ rate of rewarring general y

a ss ociates with a l ong recovery period . Rate of rewarming Is ir.-er sel y re-

lated to the length of the portion of recovery period between the occurrence

of the minimum t emperature and the comp letion of recove ry . The connection

between afterdrop and rate of rewarming i s  much l e ss direct that either of

tho.e involving recove ry period .

Selecting a rewarming therapy on the basis of the three para meters

considered In this study affords control of th, f o l l o w i n g  c riteria.

I. Th. chance of additiona l , potentially
letha l core coo l ing

2. The time the vi ct im Is particularly cold

3, The time the victim is cold

Nothw $th sta rd ln g thi overlaps which tend to e*ist between criteria I and 2

and bet ween crit e r i a  2 and 3, we ‘nay prioritI z, them on the basis of the i r
separat , r elat i ve i mportanc , as ‘~hr eat s to the lives of victims of profound

Pry po the rmr i a •

Cr , t er ia 2 and 3 each probabl y va ri e s by onl y a f.w hours arr~~ng the

p~ r ta b l e  therapies consider ed in th i s study . Therefore , when one select ;

from these therap ies h~~ is not faced w i t h  a chOice bet.veen one alternat iv e

wh ich wou ld i nvolve allowing a patient t o  re-ra ,n cold many hours longe r t han

.~r~, !hCr a l t e rn ative w’uld. The choice could onl y invo l ve allowing the

patient t r emain cold for a f w  additiona l hours. There is l i t t l e  i n t r i n c ’ i
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~an~ er in spend i ng a few hours at subnorma l body t emperatures . (bJere

t ” s not so , the technique of cryo-surgery could probabl y not have developed

to be ~sed as successfull y as it has). Thu; criterion 3 and Its associ-

ated therapy performance parameter (rate of r.warming) are rot of paramount

i’portance .

T ’rr s ent in a parti cula rl y cold condition should be of much 9reater

crrn in therapy SCIeLtiOn , During this time the victim is particularl y

s e n s i t i v e  t o  mi shandling. Letha l interrupt ions of norma l cardi ac function ,

J~ e t , me.h aniLai i r r i t a t i u n or due to incrcased se fl sitI v t~~ r CS U i tifl g frOm

~~~~~~~~~~~~ a r e  most like l y to occur dur i ng this time , However , the condition

t t ei n g ~ar~~i u l ar l~ cold for a few hours i s  not in and of itse lf life

~ r jt , ? 1

•‘ ‘ t c i  Jr ~ • on t ‘ e othe r h a n d , is l i f e  threat en n ~ to a v C t m of profound

? 7~~~~b .r mj j T’ie r efo re , a rewa rming therapy should tie selected which mini mi z e s

er d r • en ‘ - r I ’  t on i c  S not mi n i m i ze t he r cc ~ rr ‘~ per i od ( t i me

~al~~r 1 -, it Id) i , ’ - i r  t ic’, not ‘~a i im Ize the rate if reb~am m - ing (minimize

- r cold) . I~ i s we I I r -~~mb e that r’i.jri~ r e sear (hers .,‘ d C ii fl i c ens

,,.or s i .. ‘ r’~ ar - ing f t  ... h~~~t they p erceive a; its ~~n mer its.

a r.nktng of the prlorl -tlz.d therapy sele ction c riteria Is as

oi i Q’w5 .

I . Afterdrop avoida nce
2. Reco ve ry per iod minimization
3. Rate of rewarining mnaxi m iza tion ,conslstent

with physiolog ic acceptabIlity of the
associated stresses

6.2 Compensations in interpret i ng Results
Ob t a i ned wIth Mild Hypothermia —

Ther e exis ts a need to rake cert si n co.np.nsations in evaluating the

resul ts of these experI me nts since only mild hypothermia was addressed . The

subjects were all h eal th y, conscious end shIverIng v i go rously at the time

re. ,ar—i rg was in itIated . Victi m s of profound hypothermia may be expected to
e,w ” I b i t reduced or ext inguished sh iver ing thermOgenesis and a very much

reduced respiratory m inute voltine (RMV) . Compensations are necessary In

selecting treatment methods for the differences between th is l aboratory

condition and the real world of profoundly-cold pat i ents. These co.~~~n-
sat ions ‘na y be i mperf ect but they are unavoidab le since r.warrring-therapy

resea rch Is r estricted to mild hyp o thermia as a concession to subject safety.

T’Ps~ primary compen satloqi s are discussed In the following paragrapI~s.
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R eduted R ,~~rat~~y M Inut e Voluc~
The reduct ions In a pati ent ’s RMV “ay he e’.pe~ ted to r~~duc~~, i s r e  or

less proport iona liy, the a b i l i t y of inhalatio n therapy to i n t I J.Jcr heat

into the patient ’s core. Th is mi ght degrade the rrLo ’.er - ~ ~‘er io~J arid r ate

of rewarnr i rsg aspects of its performance more than its afterdrop avoidance ,

But this Is uncertain since It Is not clear whe t her the afterdrop-avo idance

prope r ty of inhalation therapy derives more froni the amount of ht’at i- ~ i ,-.rte d

or the r’,ariner In which It Is ir ’p ,rted.

The r.~~ s t  Serious implication of the reduced RMV is the do~i L t  i t  cas ’s

on t~’e performanc e of the comb i nation ther i~~es (i r ’ rlat ion , lu s - ‘ - i

of sele ct ive surface heating). As the inhalation components of ‘ fir - ‘~~f— ina -

t o n  therapies take on d~r’inlshed roles in trcat rre, ,t . (P- i- o~ iflat ion

therap ies beg in to resemble con ceptua ll y the heat ing ~~~~~ ~ ‘ ;lumb ed c .. i’

th erap ie s. The question s , would the c ccrbinat ion t~~r’ ’ .r; i c-s unt c i (0

f i r m  r e l a t i v el y as w e l l  as they d id ~ th m i l d I , C c .  .‘d stibjer. I - . -~ o I -~

‘c c i  r ri’ let i ye perform ances r-’~~r e c i  ‘-.e I rese’- til e ‘.r - - ~~ (hr ‘ r I • .1

c u r f ,, .e  ir.)(iflg therapies.

Drprcssed Shiv e r in9 T Pse rmo~enesi c

In these exper i’-e ntc sh ivering the r~~& 4 c ci”, s  .,a . d rra~ l t  e -nt t i h u t c r  t i

the uptake of heat invo I ve~i in rr..,Jr’ n irr g , There .sre ‘- ‘“c i n di c ,.it iccns t’ ,it

therap ies i nvolv ing surface heating were neyat iv el - c ’fecte d I , Y e i r

p ensit y ~o d H in sh shiverin g t h~~r~ ’-coc . r r c e ’ , j c  e a r l i e r  t~~,~r- U~~Co rr t - c i  r . i t f ’ c ~ t ~h,-

c ,sr f ,ir he at ing . For examp le , of t he 7 s ici j ec t s ~ t u  e’~ et ir - - ‘~~~ t t~~

5 ’ <” t aneous rewarming and body .to-h cl y hea t transfer , . ,r .d  for i~.’i~~r O x y c ~ nn

u~’ta he rates ~~ re measured earl y in rewarr’ ng ~‘i r’.t 10 minutes) 5 su~ (-((s

ex h ibi ted lar g er rat es when rew ar’ -in g cpc ta ’r- - ij;h , One m i t t  c’~ pect  t r i ’

If no sb ver inq b.i~ been prese t,: dur rrq an1 of t P-e ’r re~ a rmin g c , the i~~ -~ 
-

(un ity would not havp ex isted for th i s rel a t iv e v e n el t ’f to r~~~- u t ,

sp ec if ic eff ects of the diminution of shiver in g ‘, h - cu ld ha~e includ ed tr r t j Q

tb. - rate of rcw ,lrming and lengt henin g the r r l i vr r y  period . Th cref ot o . ~n

r.mpensat ing for the depression of shiver ing t he c— .,-- r I , One w ’cuid •i’ect

w i th sur face Pre at in g , improvemer t in recovery ~r ’rio d a’-d r~.te of rewi rm ing

r e l a t i ve to those therapies involving no surface heating .

~~~~~ w- 
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However , the primary deficiency w i t h  surface heat i ng was in afterdrop ,

not ~~~~~~~~ period or rate of rewarming . Shivering probabi y tend s to

;- r or’xte at terdrop through its stimu lation of blood supp l y to the musculature

involve d . Some of this musculature wil l  be in the extremities. This shivering-

i nduced component of afterdrop was present in the rewarmings performed w ith

a l l therapies in this research. However , to the extent tha t surface heating

reduces sh iver ing, this component should have been smaller with the therapies

f l yO )~~ ir ~g surface heating . Even so . the therapies consist ing only of surface

heat ing exhibited th e largest mean afterdrops of all. If no s h i ve r i n g  had

been present (and therefore no shivering-induced afterdrop had occurred) with

any of the therapies , then the afterdrops observed with surface heating onl y,

shouii ‘~ave c oe’~.ared even les s favorably to those w ith other therap ies.

Tr e re . e r t a i n i y is no reason ~o expect the absence of shivering to improve

the aft .’r~~rop performance of surface heating relative to the other therap ies.

_____________________________ ___________ —‘~~~~~~~~~~~~~- 



n 
_ _ _7.0 SUWjARY AND CONCLUS ION S

App l y ing th. ranksd criteria listed In Chapter 6 to the experimenta l

resu it~ presented in Chapter I,, It may be seen that of the portable

ther apies , spontaneous rewarming, inhala t ion thera py , i nhalation combined

wi th the hea ting pads and inhalation comb i ned with #e plumbed garmen t afford

superior performanc, with respect to af terdrop avo i dance. The onl y one of
these four therapies afford i ng a statisticall y-s i gni ficant advantage with

respec t to the next most i mportant criterion (recovery period min imization)

5 Inhalation contined with the plu mbed garment a l thou g h i nh a l a t Ion co’~bined

w ith the heating pads a near l y as good. The re su lts relat i ng to the last

criterion (rate of rewarming msximl zat Ion) weakl y support a selection of

icn ” a l a ti on combined with the plumbed garment.

The question a r ises as to the real benefit of auyrcent i ng i nha lation

therapy with a p l umb,d garment as opposed to heat I r c ~ pods. Reviewing the

co’nparisons between these t~~ therapies in Tables I I 7 , I l- B , arid i i - 9, one

sees that inhalat ion comb ined w i th the plumbed garment affords sli gh t l y
sr-al icr afterdrop and shorter recovery periods but that these dif f erences

are not si gni f icant , stat i sticall y or subjective l y. The p i urted garment

affo rds a tore si gnificant improvement in rewarming rates. It therefore

seers likel y that inhalati on could be augmented wit h any se lective sur fac e

heatin g mo dal ity to produce aft.rdrops and recovery psr iods generally similar

to t hose seen In this study with the plumbed garment. By ‘ selective ” it is

meant that th, surface heat i ng is aImed at the si-re general arsas addressed

in this study . The rate of rewa rming may be subject to more control through

selection of su rface heating mo dality , since a relatively large diff erence

was seen between the rates resu iting with the two modal it ies used in thi s

study when combined with inhalation therapy .

1 is i mportant to not ice that the heat ing pads and t i e plumbed garment ,

when appt lid witho u t Inhalat ion therapy , were assocIa ted with the greatest

mean af te rdr ps observed In thete exp .rlments. Also their recovery periods

were riot si gni fi ca ntly shorter than the longest ones seen. This indi cates

that surfac. heatIng, even when done se lec t iv el y as in this s t udy, Is not
the xost effi cacious approach .

lie combination therapies were found ‘n these experiments to be most

attrac tive in the conte*t of al l three performanc , param eters. l’hsrefore ,
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one could selec t one of these therapies and ach ieve top performance in

term S of afterdrop avo i dance withou t hav i ng to make conLess ions in

ru.ov ery period and rate of rewarming. This fortuitous result would

r e l i e v e  the necessity for concern over imperfection s in  recta l estimates

of deep core temperature if consideration of the differences between m i ld

arid profound hypothermia were not necessary . The behavior of a comb i nation

the apy is unknown i n  treatin g hypothermia of v a r i o us seven ties and with

various level s of respiratory disfunction . If the relative contributio n

of the inh alati on component diminishes as RMV decreases then the performance

of the comb i nation therapy mi ght close ly resemble that of selective sur face

heat ing alone . The corresponding changes in afterdrop avoidance would , on

the basis of these experiments , deteriorate from the best to the worst

achiev able. The prob l em of choos i ng would not be so troublesome if the

surf ., . c he ating alone had not performed so poorly regarding afterdrop.

The ir f i re , inhalation therapy alone seems to be the prudent choice for

‘ rea t -- .erc t when afterdrop can not be tolerat ed (profound hypothermia).

However , the use of i nhalation therapy alone when RMV s depressed can

be r~~~t’~~t~~d to result in reduced rates of rewarming and poss ibl y protracted

r~’ o - .cr 7 p eriods as compared to a comb i nation therapy . The afterdrop encountered

would depend much more upon the manner in which the pat ient is hand l ed than

upon in tr in sic aspects of the i nhalation therapy. This is indicated by the

simila r i t i e s  of the mean afterdrops obser ed in thses experiments with

spontaneou s rewarming and i nhalation therapy. Therefore , while i nhalati on

thei’ap y alone does not increase rates of rewarming and may not reduce

recovery periods (compared to spontaneous rewarming ) as much as i t  does

when comb i ned with the plumbed garment , its use alone with very low RMV’ s

~~uId not promote afterdrop . as the comb i nation therap ies likel y would.

Antici pating the cardiac irritabil i ty normall y associated with profound

hypothermia , consideration should be g i ven to leav i ng such patients clothed

to avoid the mechan i ca l irr i tation i nvolved In undressing them . Their surface

is probabl y at therma l equliibrhse with their wet clothing by the t m e  they

are rescued from the cold w.ter and treatment can be initiated. However,

it would be extremely I mportant that they be wrapped in a material cap atie

of do i ng the following three things .

I. Prov i~~ing effective therma l insulation from the patient ’s

environment.
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2. Preventing evaporation from the wet clothing which would affect

fur ther heat drain from the patient.

3. MaIntaining its therma l insulation property while exposed

to water.

A normal blanket would not possess properties 2 and 3 and most sleeping

bags would not. The device surrounding the pat ient would have to be

res isten t to water imp i ng i ng upon it from the ins ide and the outside. If

any of these three properties can not be sat isf ied , then all wet clothing

should be removed . In any case , outer garments holding large quantities

~ f water should be removed .

If inhalation therapy is used alone , provis ions should be made for care-

fu l hand ling for a protracted period of t ime (untii core rewa rm i ng i s  well

underway). Selective surface heating could be added to the inha lation

t~ erap~ once rewarming is underway and the threat of serious afterdrop has

,-a~ sed. But this would be minor participation in the treatment after the

c r i t i c a l  period has passed.

One would expect that most  hypothermia victims are recovered before

experiencing severely depressed RMV ’ s .  For these individuals the comb i na-

tion therapy is to be preferred. The exact RMV be l ow which the use of a

comb i nation therapy is contra ,ndicated can not be determined from these

exper iments.

The use of body-to-body hea t exchange , which has been wide l y recorirnended

for use in circumstances where no othe r treatment i5 feasible , must be

discouraged in treating profound hypothermia. The moderate surface heatin g

would be expected to promote greater afterdrop than mi ght occur if the

victi m were wel l insulat ed from his environment , hand l ed with grea t care

and transp orted to a facility capable of rendering treatment. Wit h hypothermia

known to be m il d , body-to-bod y hea t exchange mi ght offer desirab le shortening

of total rewarming time (by increasing the rate of rewarming ) and some subjec-

tive improvement in the patient ’s condition but some addit ional afterdrop

can be expected. If uncertainty exists concerning the severity of the

hypothermia , it would be prudent not to risk prec i pitating an afterdrop

that could be dangerous.

An additional problem th.t exists wit h body-to-body heat exjiange is

the potential for It to be app lied differentl y than was done in th is research

and , in the process , to promote even greater afterdrop trian has been indicated

here. I n th i s research , body contact was restricted to the up,~,er-bod y

43

- ----- --_ __  -



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Iregi on of the subject. An over-zealous heat donor might reason tha t if a

l i t t l e  contact is good , then a lot is better. The resulting increase in the

surface warmin g of arms and legs could promote even more afterdrop than

resul ts w ith upper-body contact. This poten tial for misapplication of body-

to-body heat exchange is perhaps the most troubling aspect of even a qualif ied

recomendat ion for its use.

The question arises , mi ght the body-to-bod y heat exchange treatment be

more eff ective if it is applied to parts of the patients body other than

the back. It could easil y be applied to the chest , for examp le. The thermo-

çraphs of Hayward , et al. (1973) showed the chest of a normothermic man to

ra diate more heat than his back. Thus a chest-to-chest arrangement mi ght

offer some heat &ransfer advantage after the rec i p ients chest-surface

.~is .u iatur e had dilated. However , the therinographs show the back and chest

of a man who had held st i l l  for 15 minutes in cold water to radiate the

sane amoun t of heat. Therefore , one would expect no heat transfer advantage

i .Jring i n i t i a l  rewarm ing for the chest-to-chest arrangement. It is quite

~t~~sib 1e that one could accuratel y regard the heating pads therapy as ind i cating

a l i m i t  to performance which may be achieved by improvements to body-to-body

heat exchange . The heating pads were placed on the areas t hought to maximize

heat tran sfer. In terms of recovery period and rate of rewarining there is

abundant po ten tial indicated for refinement of the body-to-bod y heat exchange

approach. However , afterdrops avoidance is the sing le most important

considerat ion in the treatment of profound hypothermia. The potential for

afterd rop avoidance through refinements to body-to-bod y heat exchange Is

rio t indi cated , by the results seen with the heating pads , to be attract ive .

A final co~wnent on trunk i iTr~ersion therapy is in order. This therapy

has been used onl y as a standard of comparison for the eva l uation of therap ies

thought to be cand i dates for use in  the fie ld. The assumption has been

~~de that trunk irvnersion i-s impractica l for such use . There may occur ,

serious attempts to des i gn special equipment to allow trun k-inr~erslon-li ke

treatment in the rescue environment. If these atte mp ts are successful new

questions would warrant answers before the equi pment Is used . The primary

one relates to the physiolo g ic disturbances promu l gated by such rap id heating

of profoundly-cold patients. The safety of such a treatment for these pat ients

should be estab lished prior to its practical use. Of course , one would expect

SuCh treatment of the majority of mild hypothermia cases would be gratefully

received by the consc i ous p atients. However , if the rap id rewarming of pro-

found cases were de termined to be Ill-advised then criteria for de te rmi i in g

when it should not be used would need to be developed .
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REIAR MING TEMPERATURE PROFILES
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