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| NTRODUCTI ON

Acci dental hypothermiain manis a comon, but serious problemin cold air and water
environnments. The rapid rate of cooling which occurs in cold water i mersionl2 and
in mountain accidentsl0 23 can readily progress to a nedical emergency. Hence
i medi ate recognition and therapy of this condition are necessary to overcone its
hi gh nortality6 22

Many current articles® 10 16 pmedical texts? and military survival publications8
32 reconmend rapid peripheral rewarming as the treatnent of first choice for
hypot hernia. Indeed, this has been shown to be effective even in the profoundly
hypot hermic victimt. Many nodal i ties are usedto acconplishthis, includinginmersion
in hot water baths, wapping in electric blankets, application of heated objects to
the skin surface3, and recently, circul ation of warmwater through special garnents
fitted to the victin3., These nethods are all effective in treatment of rapid-onset
hypot herm a, but certain physiological problens nay arise with active, peripheral
rewar ni ng of the sl owonset, unconsci ous, profoundly-hypothermc victim The well -
descri bed “afterdrop” of the core body tenperature follow ng renpval of the cold
stress can be increased i n magni tude by peripheral rewarm ng. This occurs through
vasodi l ation in the col d peri phery and subsequent return of cool ed bl ood to t he body
core, further chilling the nyocardiun®® and potentiating the possibility of
ventricular fibrillationl 17.33 Furthernore, in hypotherm a of |ong duration, in
whi ch i ntravascul ar vol une i s decreased secondary to fluid shifts, rapid rewarm ng
may precipitate hypovol enic shock as peripheral vasodilation further dimnishes
central bl ood vol unel?. 33,

To obvi at e t hese probl ens, sone aut horitiesl” 31 recomend rapid rewarning for rapid-
onset hypothernia, and slow rewarni ng for slow onset hypotherma. The difficulty
in many accident situations of ascertaining the degree of hypothermia and its
duration, conplicates the decision of which type of therapy to apply, at a time when
del ay decreases the chance of successful resuscitation.

Theoretically, core rewarm ng of the hypothernic victimavoids the physiol ogi cal
hazar ds nenti oned above, through delivery of heat directlytothe central circulation
and tissues, |leaving the linbs and peripheral tissues to warmair alone?8 and in
combi nation wi th heated, intravenous fluids2’. Al though all of these techni ques have
proven successful in nmany instances, they are clearly limted to the hospital
envi ronnent .

Recently, LI oyd?0 has described a means of core rewarming through the airway using
war ned oxygen. He presents case histories showingits effectiveness inthe hospital
treatment of hypothermc patients, and in addition, describes a portabl e apparat us
based on this principle?l. Inhalation rewarnming is also receiving the interest of
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mount ai n rescue organi zati ons2® and of physicians associated with nountaineering
medi ci nel5 29,

Therefore, inhalation of heated, water-saturated gas (such as oxygen) by the
hypot hernmia victim may best conbine the nerits of core rewarnming and first-aid
applicability at the accident site.

The purpose of this experinment was to conpare the effectiveness of inhalation
rewarning (using heated, humdified oxygen) to peripheral rewarnming in a hot
whi rl pool bath. In order that the results be nost rel evant in accidental situations,
i mersions were conducted in the sea using persons of average build, who wore
standardi zed clothing and life-jackets. |In addition, a rewarning apparatus was
selected so as to be conpatible with rescue aircraft and vessels, such as those of
the US Coast Cuard.

MATERI ALS AND METHODS

| mrer si ons were conducted in the sea near Victoria, British Colunbia, fromon board
a research ship which provided |aboratory space for recordings and rewarm ng
procedures. Sea tenperatures were between 7 and 8°C and a slight current and snal |
waves prevailed for the 4 days of immersions.

Ten healthy, male subjects (all athletically active) volunteered for the study and
satisfied rigid, nedical selection criteria described elsewherel? Thei r
characteristics (neans and ranges) were: age 29 (20-48); weight 83 kg (75-105);
hei ght 1.84m (177-191); and percent body fat 15.4 (9.3-25.7) based on standard
measures of skinfold thickness.

Core tenperature was neasured as follows. A fine, padded thernocouple was pl aced
gently agai nst the tynpanum and the auditory nmeatus sealed with a was plug. Rectal
tenperature was nonitored with a therm stor inserted 15cmbeyond the anus. [In one
subj ect only, oesophageal tenperature was obtained using a therm stor inserted
nasal ly and positioned to lie at about the level of the cardiac atria.

Production of hypot herm a. Each subject wore an outfit of typical seaman’s cl ot hing
and a personal floatation device. Wth tynpanic and rectal tenperature being
continuously nonitored, 10 nminutes of pre-imrersion values were recorded. The
subj ect then entered the col d sea wat er and renai ned noti onl ess besi de the ship while
clingingtoalife-ring. Constant visual surveillance of the subject was mai nt ai ned.
The i mmersi on was term nated when the core tenperature declined to 35°C or when t he
subj ect became too unconfortable to continue. The range of imersion tines was 45
to 120 mi nutes. The subject then clinbed out of the water up a 3 neter |adder to
t he deck, renoved his wet garnents with assistance, and wal ked 20 neters to the
rewarmng site in the |laboratory of the ship. The time interval fromleaving the
water to initiation of rewarm ng was 3 - 4 mnutes.

Rewar ni ng procedures. Each subject was cool ed tw ce (on separat e days) and rewar ned

once by each of the two procedures. The ol der of use of the two rewarni ng procedures
was randoni zed for the different subjects.
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THERMOSTATTCALYY CONTROLLED OXYGEN THERAPY MASK
HUMIDIFIER and REBREATHING BAG
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Figure 1 - Inhal ation Rewarmn ng Apparatus

Figure 1 shows the inhalation rewarm ng apparatus. Oxygen fromthe cylinder was
passed at a variable rate through the heating and hunidifyi ng apparatus. It was a
standard Bennett nodel heater and vaporizer comonly used on hospital respirators.
It consisted of a 1-litre water bath with a thernostatically-controlled, electric,
i mersion-heater elenment. The oxygen was bubbl ed through the water and delivered
to the subject via a loosely-fitted, ventilation nask. The nask was fitted with a
rebreathing bag to act as a reservoir whi ch hel ped conformthe variable ventilation
flowrate of the subject to the uniformflow of the oxygen. The water was heated
to about 70°C such that the water-saturated oxygen flowed fromthe Bennett heater
at about 55°C and arrived at the subject’s mask at 40-45°C. This was the maxi num
tenperature of inhal ed oxygen that the subjects found to be confortable. The flow
rate of oxygen was regul ated to nai ntain the 40-45°C tenperature of the inhal ed gas.
This required high flowrates for the first 5-10 m nutes, because the subjects had
high ventilation rates associated with vigorous shivering thernogenesis. As
shivering subsided, oxygen flow rates were reduced to 10-12 litres/mn for the
remai nder of the rewarning. |nhalationrewarn ng was di sconti nued when the subj ects
had rewar ned about 1.5°C by tynpani c recordings, involving a total period of about
45 minutes frominitiation of the treatnent. During the inhalation rewarning, the
subj ects lay prone on a foamnattress. Roomtenperature was 24-26°C. The subjects
were exposed to the air until their skin tenperatures in the trunk region reached
air tenperature, requiring 7-10 minutes. They were then covered wi th an unwarmed
bl anket for the remai nder of the rewarm ng peri od.

REMEMBER: Diving safety is YOUR responsibility
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Bat h rewarnm ng was acconplished using a 5 foot |ong, whirlpool bath. The subject
reclined inthe bath so that the water was at neck level. Initial water tenperature
was about 26°C and was then raised steadily to 42°C over the first 7-8 minutes.
Vigorous stirring continued at this tenperature for the renmai nder of the rewarmn ng.
The lower initial water tenperature was required, due to the severe disconfort to
consci ous, hypothermc subjects if suddenly inmersed at the higher tenperature.
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RESULTS

A typical recording of core tenperature changes during cooling and inhalation
rewar m ng of one individual is showm in figure 2. Afairly uniformcoolingrate was
est abl i shed by approxi mately 20 m nutes of i mmersi on and t he subj ect exited the cold
wat er when the core tenperatures were near 35°C. Tenperatures continued to decline
during the period before i nhal ati on rewar m ng began, and this “afterdrop” conti nued
for another 0.3°C ever the first 10 m nutes of rewarm ng before being arrested.
Tenperature i ncrease of the tynpanic site proceeded at a faster rate than the rectal
site.

For the ten subjects, conparison of the effectiveness of the inhalation and bath
rewar m ng techni ques is presented for the tynpanic and rectal sites in Figures 3 and
4 respectively. Change in tenperature before and after the onset of rewarming is
shown. Tynpani c tenperature exhibited marked accel eration of cooling during the
i nterval of physical activity that was associated with novement fromthe col d wat er
totherewarm ngl aboratory. Inthis 3-4mnute period, tynpanic tenperature declined
an average of 0.4°C. For the tynpanic site, there was no significant difference in
t he anount of conti nued coolingw th the two rewarm ng met hods. |nhal ation rewarm ng
had a nmean after-drop from comrencenent of rewarm ng of 0.38°C conpared to 0.48°C
for bath rewarm ng. The inhal ation techni que appeared to provide a slightly nore
rapi d onset of increase in tynpanic tenperature. By 15 mnutes of rewarmng with
each nethod, uniformrated of tenperature increase were established, such that by
30 m nutes of rewarm ng, a tenmperature rise of 1.3°C above the m ni numwas achi eved.
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Figure 3

Conmpari son of tympanic tenperature
changes occurring with inhalation
and bath rewarnm ng. Changes were ) INHALATION
calcul ated fromthe tenperature at b,
t he begi nni ng of rewarm ng (time 0).
The mean tynpanic tenperature at
time O was 34.5°C. The difference
in cooling curves from 15 to 5
m nut es before rewarn ng was due to
cl ot hi ng di ff erences (bei ng st udi ed
separately), and had no bearing on
the afterdrop findings. Vertical
i nes denote standard errors of the
neans.

c)

TEMPERATURE CHANGE

T8 -0 -5 [) ) 10 [ 20 25 30
TIME (min)

o8y
! RECTALI

[R5 4
° Figure 4
~ oaf
¢ Conmpari son of _rect a}l tgnperat ure
g 0.zt changes occurringwi thinhal ation
" and bath rewarm ng. The nean
E of rectal tenperature at tinme 0 was
2 o .
& exit / 35.3°C. (Other conditions as in
tal cold .
%-0_2_ woter i Fi gure 3.
- rewarm

o INHALATION

-0.4

06y s s 6 5 i 5 36 35 30

TIME {min)

Rectal tenperature (Figure 4) showed | ess response to the physical activity during
the transition fromthe cold water tothe rewarnming site (only a 0.1°Cdrop). Again,
no significant difference occurred in the ampbunt of after-drop between the two
rewar ni ng nethods. Wth inhalation rewarm ng, there was a further nean after-drop
of 0.40°C conpared to 0.33°C with bath rewarming. At the rectal site, inhalation
rewarmi ng appeared to provide a slightly slower rate of tenperature increase than
bath rewarm ng. Approximately 20 minutes was required to establish a steady rate
of tenperatureincrease, suchthat at 30 m nutes of rewarni ng, tenperaturerises above
m ni mum of about 0.6°C and 0.4°C occurred for the bath and inhal ation techni ques
respectively.
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In conparing the rate of tenperature increase of the tynpanic and rectal sites during
i nhal ationrewarm ng (Figures 3and 4), rectal tenperatureincrease was significantly
| ower than tynpanic from 15 m nutes of rewarnm ng onwards.

3.5 ./‘4-
R
Kd
K
v
3.0k e
rd ESOPHAGEAL
./.
R
2.5 4
7
./.
. /
Figure 5 5 20} I_/'
Changes in oesophageal &
tenperature in conparison to g 15
tympanic and rectal [T~ .
tenperatures in an individual g
. . . = o
bei ng r ewar ned by t he i nhal at i on 3" TYMPANIC
met hod. The nean tenperature &
of thethreesites at tine 0was F ok
34, 1°C. T .
0
oy \ - RECTAL
~-0.5F water rab:glr”m I A -~
A ' ' 'l L i L I J
~'0s 10 5 o 5 10 15 20 25 30
TIME  (min)

Figure 5 presents the tenperature change curves for the one subject who has
oesophageal tenperature recording in addition to tynpani c and rectal neasurenents.
Cesophageal tenperature showed essentially no after-drop once i nhal ati on rewar m ng
began. Furthernore, this site showedarapidrate of i ncreaseintenperature, gaining
2.1°Cin the first 5 min. Tynpanic tenperature showed a snmall after-drop of 0.3°C
and onset of tenperature increase in less than 10 minutes (simlar to the pattern
in Figure 3). Again, rectal tenperature had a greater after-drop and sl ower onset
of increase than tynpanic when treated with the inhalation technique.

DI SCUSSI ON

These experinmental results confirm the theoretical expectation that inhalation
rewarning can be an effective treatnent for hypothermia in humans. The |ack of
difference in core tenperature after-drop and rewarm ng rate between i nhal ati on and
bath rewarnming allows the inhalation technique to be considered in “active” or
“aggressive” therapy. Although cardiovascul ar vari abl es wer e not neasur ed, the | ower
rectal and skin tenperatures, and the nore persistent shivering with the inhalation
met hod testify to | ess warm ng and consequently | ess vasodil ati on of the peripheral
regi ons. Hence, the further advantage results that rewarm ng shock and i nduction
of ventricular fibrillationby coldandaciduricvenous  returnare nininized, despite
rapi d rewarm ng of the “critical core”. Wth the i nhal ati on net hod, direct warm ng
of the brain would occur by conduction fromthe nasopharynx, and by circul ation
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of warmed vertebral and carotid arterial blood. The nore rapidrewarm ng of the brain
woul d bot h reverse col d i nduced depressi on of therespiratory centres and norerapidly
stinul ate regai ning of consci ousness of the severely hypothermc victim

Wthregardtothe need to stop further cooling of the heart and beginits rewarm ng,
the extrenely rapi d response of the oesophageal tenperature to inhal ation rewarm ng
deserves enphasi s. Previous studi es have shown t hat a cl ose paral |l el exists between
oesophageal tenperature and the tenperature of the heart and great vessels® The
oesophageal recordi ngwoul dthereforeindicatethat inhalationrewarnmngfacilitates
rapi d nyocardial rewarm ng. Transfer of heat fromwarm hunidified gases to the
airways i s rapi d3*; and heat may then flow fromthe airways to other structures of
t he nedi asti num The heart woul d be warned fromthe pericardiuminward. Probably
of greater significance, however, is the return to the heart of warnmed bl ood from
the lungs, | eading to nyocardial warm ng both. |n cases of severe hypothernia, as
you woul d not be noving the | arge pool of cold fluids in the peripheral regions, we
assune that in a borderline survival case of hypothernia the inhalation rewarm ng
woul d be superior to hot bath rewarni ng.

Thi s was shown by CM Shanks and HM Marsh in their paper “Sinple core rewarning in
accidental hypothernia; a case treated with heat infusion, endotracheal intubation
and humidification” (British Journal of Anaesthesiology: 45:1973:522-525). The
subjects lay prone on a foammattress, roomtenperature at 24-26°C, exposed to the
airuntil their skintenperatureinthetrunk regionreachedair tenperature, at which
time they were covered by an unwarnmed bl anket.
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FI SH BI TES MAN

The fish were real ly biting when Chuck Gosgreve took his boat out of f the Louisiana
coast. A 33lb king nackerel bit his armand he needed nine stitches. But the fish
| anded in the boat for the day's biggest catch.

(Sunday Tel egraph, 11 April 1971)
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