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the smaller airways, smaller than 2 mmin diameter which
have few muscle fibres, may not respond to the
bronchodilators. It isawaystempting to givein to these
usualy young, bright, enthusiastic individuals, but, the
risk istoo great. Once an asthmatic, alwaysan asthmatic.

If the diagnosis of asthma s in doubt or if the patient is
asymptomatic, a positive histamine and/or methacholine
test substantiates its existence. In asthmatics,
hyperreactivity to methacholine persistsfor years, evenin
the absence of active asthma. In proper hands, thistest is
a safe diagnostic tool.(7) A positive test contraindicates
exposures to increased pressures which could lead to
unacceptable risk for pulmonary overpressurization
accidents.
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COMMENT

Thecasereported by Dr Clinton-Baker (page17) suggests
that asthmatics needing treatment to stay symptom free
should not dive. Yet many do dive successfully. Should
opinion or fact govern medical advice? It isto provide
facts that the Royal Prince Alfred Hospital investigation
has been started.

PATHO-PHYSIOLOGICAL CONSIDERATIONS OF
HYPERTHERMIA IN HYPERBARIC
ENVIRONMENTS

lan M Calder

During the past decade hypothermiaas acause of deathin
the European sector of professional diving operations has
becomerecognised. However, hyperthermiaasaproblem
was reported by Cox et al.(1) in which six fatal accidents
were cited, and undoubtedly a number of unexplained
deaths could be attributed to this. The problem has been
identified at present as occurring in the decompression
chamber rather than in the working environment at depth.

HYPERTHERMIC SYNDROMES

Adolph (2) identified severa heat disorders but for the
purposesof the hyperbaric environment only threeneed be
considered. Theseare:-

1 Water deficiency heat exhaustion, described by
Black et a.,(3) and caused as a result of lack of
drinking water intake in a hot environment.

2. Hypochloraemic (asalt deficiency) heat exhaustion
duetoinadequatereplacement of saltlossdescribed
by Ladell et a.(4) and leading to dehydration and
reduced blood volume.

3. Heat exhaustion due to physical exercise in a hot
environment with sweating but without
replenishment of salt or water.

PHYSICAL CONSIDERATIONS

Toappreciatethedynamicsof theinductionof hyperthermia
in a compression chamber it is necessary to examine the
thermodynamics of the environment. The adiabatic
mathematical formulagivesthetheoretical background to
the induction of high temperature in a chamber. The
equation for thisis:-

T.=T, (P)8-1
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where T, sinitial and T,is final temperature in degrees
Kelvin (=°C + 273), P, isinitial pressure and P, is final
pressure. distheratio of specific heating; for air d - 1.4.
Therefore:-

y-1=0.2857

Y
Thus, if theinitial temperatureis 32°C
T, =305°K (ie. 32 + 273 degrees absol ute)

and if afourfold pressureriseisinduced

P,y
P
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T, =305 (4) 0.2857



=453K
=180°C

When such changesare pl otted onthegraph, thisshowsthe
relationshipbetweenT /T, and P,/P, whichwhenexpressed
in actual terms shows theoretical temperature rise for
example:-

Pressure Rise Initial Temp. Final
(in atmosphere) (°C) Temp.
49
2 10 90
8 40 300
FIGURE 1

THE RELATIONSHIP BETWEEN INITIAL AND
FINAL TEMPERATURES FOR MULTIPLES OF
INITIAL PRESSURE

1.8

1.6

14

T2/Th

1.2 1

P2/Py

Thiscal cul ation doesnot make any allowancefor physical
influencingfactorswhichmay causecons derablevariations
in the final temperature and environmental conditions
reached. Theseare:-

1. The surface temperature of the chamber. In cold
climes this will reduce the theoretical final
temperature. However, amoreseriousaspectisthe
situationinwhichthechamber isexposedtotropical
sun, thus giving an additional radiation heating
effect.

2. The speed at which the chamber is compressed.
This has a profound influence, in that a rapid
increase leads to alarge number of calories being
introduced into the chamber with consegquent
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environmental temperature rise, which cannot be
reduced by radiation from the surface.

An additional dimension to be considered in connection
with the physiological effects of these two factors, is that
of relativehumidity. Whentheenvironmental temperature
reaches or exceeds 37°C thisassumes greater importance.
Atandabovethispoint, thecontrol of thebody temperature
is dependant upon the loss of fluid from the body surface
by evaporation and cooling is due to the mechanism of
latent heat of evaporation. It necessarily followsthat asthe
environment temperature increases above 37°C, together
with that of the relative humidity approaching 80%, the
cooling mechanismfailsand body temperatureriseswhich,
outside narrow limitsresultsinirreversiblechanges. Heat
transfer to the body core is necessarily greater in an
oxyhelium environment, which compounds the effective
rise in body temperature.

CLINICAL ASPECTS

Hyperthermia may pass unrecognised and unappreciated
unlessit is considered in the differential diagnosis.

When consideringthethermodynamicsof thehyperthermic
situationitisnot necessary tohaveahighinitial temperature
to induce the unphysiological final temperature, as is
shown by reference to the temperature pressure graph.

Thishasbeen shown by two deathsinthetemperateclimes
of Northern Europefollowingrapid compression. However,
mere emphasis has to be placed on the adverse effects of
rapid compression in tropical and sub-tropical climates,
both from personal experience and that of King
(unpublished), which hasresulted inthetotal of six deaths.
The awareness of such a condition could in retrospect be
an acceptable cause of two otherwise unexplained deaths
during recompression.

All eight cases had shown signs which were clinically
compatiblewith decompression sickness, and thiswasthe
rationale for recompression. The subsequent change and
devel opment of symptomswerenot thoseof decompression
sickness. These ranged from mental confusion and
aggression, anxiety, absence of sweating (hot dry skin), to
circulatory collapse. Althoughitisimpossibletogeneralise
from a small series of cases, in the three incidents where
more than one person was involved, and there was a
survivor, itisapparent that theobesehaveasmaller chance
of survival. This would correlate with the reduction of
weight to surface area ratio, with consequent lower heat
loss.

Casel

A medical assistant and a doctor entered arecompression
chamber to attend a diver with pulmonary barotrauma.
They were compressed to 60 m (equivalent depth sea
water) on a 23/77 mixture of “Heliox”. The ambient
temperature was approximately 35°C and the humidity
85%. The medical assistant was an obese West African,
153 cm tall; the doctor was lean and 180 cm tall. The
medical assistant remained lightly clothed, the doctor
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removed all his clothing and drank copious quantities of
fluidwhilethemedical assistant declinedtodrink. After 26
minutes the medical assistant was so distressed that he
entered the outer lock to decompress, but he still drank
nothing. He became increasingly distressed, and was
observed picking at his clothesin a confused state. When
he left the chamber he collapsed. After about 15 minutes
he was recompressed to 42 m, at which time he was
stuposose with an irregular almost impalpable pulse of
about 120/minuteand a respiratory rate of 50/minute. He
wasgiven 500 ml 15% dextr osewith 20 mg dexamethasone
but he died some 5 and a half hourslater. At necropsy the
body and tissues were noted to be very dry with no
intertitial fluid. The CSF sodiumwas 174 mmol/I (hominal
mean 127 in Naumann's series and 131 in a personal
series of ten cases). There were no other gross
abnormalities.

UNLIKE HYPOTHERMIA, HYPERTHERMIA IS AN
IRREVERS BLE AND RAPID PROCESS, AND ONCE
PROTEIN COAGULATION OF VITAL CENTRES HAS
OCCURRED, DEATH ISINEVITABLE.

POST MORTEM CONSIDERATIONS

Specific tissue changes developing as a result of acute
hyperthermia have not been established, although
degeneration of crypt epithelium of the small intestine has
been suggested as an indicator. The time sequence is,
however, usually too short for the presence of any changes
to be established. However, the effects are essentially
biochemical, which would not produce morphological
changes.

Blood chemistry isan ideal parameter to measure during
life, but rapid and variable changes occur after death.
Electrolyte measurements of vitreous humor by Hughes
(5) and cerebro-spinal fluid by Naumann (6) have shown
that these levels are relatively unaffected during the first
few hours after death. Taken in the proper context,
examination of these parametersmay givesomeindication
of the electrolyte status immediately preceding death.
However, Cooper et a.(7) make the important point that
the least affected is the sodium content, but potassium is
subject to some variation.

The use of this technique has been usefully applied in six
cases of suspected death caused by hyperthermia. The
normal figureof 127 mg.% quoted by Naumann (6) closely
agrees with the mean figure of 131 mg.% obtained from a
personal random autopsy series of ten cases. All samples
were by needle aspiration of ventricular fluid and
preservation in lithium heparin tubes before analysis.

Theenvironment resultsessentially inapurewater depletion
with a consequent rise in CSF sodium ion content. From
theproven seriesof six deathsfrom hyperthermialevelsof
the sodiumionranged from 141 mg.%to 181 mg.%. With
thisrangeit is apparent that such measurements cannot be
regarded asdefinitivescientific diagnosi sof hyperthermia.
Such results have to be considered in the overall findings
of the case, and must be regarded as a useful adjunct.
During dissection, theimpression may beformed of some

desiccation of body tissues, which taken with the clinical
history can lead to a constructive clinico-pathological
conclusion.

DISCUSSION

Hyperthermiain a hyperbaric environment is a condition
easily produced even in the more temperate climates.
However, without an awareness of the speed and ease
which such a condition may be produced, this may be
omittedfromtheclinical differential diagnosis. Asaresult
the condition may be worsened by the very nature of the
treatment, in which the bizarre symptoms may be judged
as being due to decompression sickness rather than to
electrolytedisturbance from hyperthermia. Itiscertainin
one case that such misinterpretation has resulted in a
further recompression resulting in further deterioration of
the patient’ s condition.

Treatment, once diagnosis has been made, must be
symptomatic. The object isto reduce the environmental,
and consequently core temperature, and restore the
electrolyte balance with appropriate intravenous therapy.
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