SOVE OBSERVATI ONS ON HYPOTHERM A
Dr John Kni ght

Hypotherniais an ever-present hazardto divers, especiallyinw nter. As nost divers
know little or nothing of its effects it is fortunate that nost people dive with a
single 72 cu ft cylinder and | ack of air nmakes them| eave the water before they are
too chilled.

M A ashipwight inhis 30 s, hadlearnt todive sothat he coul d cl ean yachts bottons
wi t hout slipping the boats. Hi s other duties meant working underwater nost of
Sat urday and Sunday. He had a partner who hel ped himin this task, but the partner
devel oped trouble with his ears and stopped diving. So M A spent even nore time
underwater. As the sumrer ended and wi nter cl osed i n he noticed i ncreased frequency
of micturition and urgency. This inability to hold his water was new and was the
reason for himconsulting a doctor. As the story unfol ded he nentioned that once
he coul d not renenber whether he had scrubbed one side of a yacht's bottomwhen he
got out of the water. When he checked he found he had i ndeed scrubbed the boat’s
bott omon bot h si des, but thelast thingthat he remenbered was goi ng round t he rudder.
On anot her occasi on he had watched his arm scrubbi ng backwards and forwards while
he noted that he could not feel his arm noving, and he was not consciously noving
it. Hs mininterest at that nonent was a sensation of terrible cold and a desire
to get out of the water, which he soon did. One day his partner pulled himfromthe
wat er when he saw him*“just sitting there” instead of working. M A thought these
epi sodes odd, but not odd enough to seek advi ce. However he had bought a | onger pair
of wet suit trousers to try to keep out the cold.

H s work i nvol ved 3 hours or nore inthe water at a stretch. He energed briefly when
one bottomwas scrubbed, | ong enough to get to the next yacht. Each took sone 1.5
hours to scrub cl ean. He was sel domnore than 7 feet fromthe surface. He sat rather
t han swam and performed a constant to and fro novenent which nmeant that there was
a constant flowof water into the jacket of his wet suit. After spending the norning
in the water he woul d have an hour’s break for lunch and then re-enter the water.

Thi s man had obvi ously suffered fromhypot herm a wi t hout real i si ng what was happeni ng
as he was working in water of about 9.5 to 12.5°C (which is the range of Port Phillip
Bay water at St Kilda in winter according to the Bureau of Meteorol ogy).

When a diver enters cold water there is an i nmedi ate decrease in blood flowto the
skin. This cold induced reaction is partly medi ated by synpat hetic holl ow nerves
and partly by the direct effect of cold on the blood vessels. The next result is
a fairly rapid reduction in heat |loss fromthe |inbs.

As a result of this peripheral vasoconstriction there is a short l|ived, about 5
m nut es, paradoxical rise of deep body tenperature as centrally produced heat from
the liver, heart, kidneys and intestines is not being distributed normally to the
i nhbs and has nowhere to go. But this happy state of affairs does not |ast as heat
| oss through the chest and abdominal wall is mainly by conduction and is little
i nfl uenced by skin vaso-constriction
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Figure 1 (redrawn after Beckman and Reeves) shows how the rectal tenperature of an
ast henic (thin?) subject dropped over 2 hours sitting in water at (74°F), which is
tenperature was acconpani ed by a marked increase in netabolic heat, which however
was not sufficient tostopthedropintenperature althoughtherate of drop declined.
However by the end two hours this nan’'s heat output was dropping and he had to be
renoved fromthe water. M A was in water 10-14°C col der.

The subj ect of Beckman and Reeves experinment was uncl othed while M A wre a 3/16th
wet suit. Wet suits are quite efficient insulators when subject is close to the
surface and notionl ess. They depend for their efficiency onthe closed aircells in
t he neoprene (which are conpressed at depth and so becone | ess efficient) acting as
i nsulation, and the presence of a thin layer of still water, warmed to skin
tenperature, between the skin andthe wet suit. Myvenent exchanges t hi s war ned wat er
for cold and accel erates cooling.

Figure 2 (redrawn after Craig 1966) shows that there are three rates of heat |oss
with an uncl ad subject entering the water. The first steep slope, a high rate of
| oss, is the heat | oss fromthe |linbs and skin as vascul ar regul at ory mechani snms cone
into play and the |linbs and skin cool to near water tenmperature. The second sl ope,
a loss rate about 1/5th of the initial, is that experienced when skin tenperatures
have dropped t o approxi matel y t hat of the surroundi ngwater and | i nb vasoconstriction
is leading to very |ow bl ood flows and so | ess | oss of heat. Forearmflows as | ow
as 0.5m 100'm nt' at 13°C have been recorded while the blood fl ow was 17.6m 100
!mintinwater at 45°C (Barcroft and Edhol m quoted by Keatinge). This lowflowis
cool ed effectively as the mainlinb veins lie close tothe main arterial supply and
heat exchange occurs between the two. So little heat is lost fromthe |inbs while
just sitting still. Movenent increases nuscle requirenments for oxygen and so
i ncreases blood flow, | eading to an increased | oss of heat. The third sl ope is about
1/ 10th of therate of | oss of the second andistheresult of i ncreased heat producti on.
But the body is still losing heat. Little work has been done on the rate of heat
loss in men wearing wetsuits, but Dr Craig tells nme that the effect of a wet suit
is to abolish or reduce the large initial heat | oss while not altering the other two
rates of loss. This refers to nen sitting in a stirred water bath.

Figure 3 (redrawn after Pugh) shows the effect of exercise, in this case sw mm ng,
ontherectal temperature of athinsubject inwater at 16°C. The upper lineissitting
while the lower oneis swinmring. Inboth cases the man was too cold to continue after
30 minutes, although his core tenperature has dropped nuch | ess while sitting than
when swi nmi ng. The hol Il owl i nes showhowthe core tenperature continuedtodrop after
he had been t aken out of the water. This continuation of coolingafter active cooling
has stopped is known as the “after drop”. In this case the swi nmm ng exposure had
to be term nated as he could no | onger keep hinself afl oat.

Figure 4 (redrawn after Pugh) shows that even in water as warmas 25°C (77°F) a thin
subj ect |oses heat. While at 16°C (61°F) he was unable to continue sw nming after
30 minutes and in water at 20.5°C (69°F) he was rendered i mobile by hypothermia in
45 minutes. This man was thin, he had an average of 5nmof fat on his body. However
afat man (fat 30 nmt hi ck on hi s abdonmen and 20 mmon hi s back) had di ff erent responses.
This well insulated man mai ntained his core tenperature better when sw nming than

23



when sitting. Heat loss is all a question of insulation and heat generation. |If
the heat can be retained inside the insulation not much can get away.

The danger s of hypot herni afor the diver are mainly those of failingnental faculties,
sl owi ng of thought and reactions and i nappropriate responses. These occur before
| oss of muscle power, which of itself can |lead to drowning.

Di vers suffer fromacute hypotherm a and the treatment i s acute rewarm ng. Wen the
pati ent has been hypothermic for many hours the effects of cold diuresis, which
reduces bl ood vol une, and of a thoroughly cold heart which is beating slowy and
inefficiently, conbinedwithrapidrewarmngwithits consequent vasodilatation are
often fatal. These patients should be insulated so that they | ose no nore heat and
then left to rewarmthenselves with their own heat production.

Most of t he knowl edge we have about hypot herm ais fromhypot her ni ¢ anaest hesi a where
the aimis to cool the body, and brain, so that the cerebral circulation can safely
be interrupted. These |lowtenperatures with their risks of cardiac arrythm as are
not likely to be attained by diver unless he is |left unconscious in the water.

Al t hough there are individual variations nost people are incapacitated by cold at
a rectal tenperature of 34.5°C and nany are too cold to tol erate continued i nmrersi on
even above rectal tenperatures of 37°C. At these tenperatures the heart rate has
not been slowed significantly by cold.

The dangers of hypotherm a are greater if the diver di ves agai n bef ore he has regai ned
all his lost heat. Figure 3 shows that even 1.25 hours after | eaving the water the
swimer in 20.5°C water had not regained his starting rectal tenperature. Had he
then re-entered the water his endurance woul d have been nuch reduced as he had | ess
total body heat to supply losses to the water. It is of interest that the exposure
with the higher (20.5 C) tenperature in Figure 4 when the man was i ncapacitated at
arectal tenperature of 34.5 C, the sane tenperature as he was i ncapacitated i n wat er
at 16°C, he took longer to restore his total body heat than when exposed to col der
wat er. Col d vasodi | atati on probably playedits part intherapidcoolinginthecolder
water. |Inthis condition the blood vessels suddenly dilate and the linb is flushed
wi t h bl ood for am nute or two before vasoconstrictionrecurs. This effectively cools
t he bl ood and the heart and th®ecore of the body. In slightly warnmer water, not cold
enough for this to happen, cold seeps intothe body fromthe surface andit took | onger
for the core temperature to drop, but there is nore very cold tissue to warmafter
the col d exposure is conpl et ed.

M A was advised to wear a wet suit hood, gloves and boots, and a second wet suit
top (so increasing the available insulation and cutting down portals of entry for
fresh, cold water). He was advi sed to have a hot bath or shower and a hot drink duri ng
hi s [ unch break and nost i nmportantly have a | onger | unch break and never to get into
the water unless he felt warm

DATE TO REMEMBER: 5 -13th June 1976 SPUMS AGM - MANA | SLAND -
FlJl
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