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Heat illness
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“Commanding Olfficers of volunteers are
very apt to err in this particular; and the
spirit of their men is such that they
shrink from complaint, and persevere in
efforts which may easily, under a burn-
ing sun, become dangerous to life.”
Lancet, 10 Fune 1865 (1).

Introduction

Heat illness is caused by a rise in body
core temperature, sustained from either
intrinsic or extrinsic sources, or both. In
its most severe form, homeostatic ther-
moregulatory mechanisms are over-
whelmed causing an unchecked rise in
body temperature and subsequent
multi-organ dysfunction. Despite im-
provements in the knowledge and under-
standing of the aetiology and physiology
of heat illness, it continues to be a signif-
icant cause of morbidity and mortality
among members of the Armed Forces.

The term heat illness can be used to
describe a wide spectrum of disease
ranging from minor heat cramps to life-
threatening heatstroke. Exertional heat
illness affects mainly athletes and mili-
tary personnel, and therefore, military
medical personnel need to be fully con-
versant with its prevention, recognition
and treatment. A high index of clinical
suspicion is required to make the diag-
nosis of heat illness and it should be sus-
pected in any patient with signs of cen-
tral nervous system dysfunction under
conditions of heat stress.

This article aims to review the epi-
demiology, pathophysiology and rele-
vant aspects of management including
prevention, acclimatisation and treat-
ment. As exertional heat illness is the
predominant form affecting military
personnel, it will be the primary focus of
this review.

Definitions
Hyperthermia occurs as a consequence of
excessive heat gain, excessive heat produc-
tion, diminished heat dissipation, or a com-
bination of all three. When normal heat dis-
sipation mechanisms are overwhelmed the
body core temperature will rise, and if this
continues unchecked heat illness may occur.
Classical or environmental heat illness
(CHI) is commonest in those whose ther-
moregulatory control mechanisms are ineffi-

cient or attenuated, such as the very young,
elderly, those with important co-morbidities
or those taking drugs that inhibit thermoreg-
ulation. The main contributing factor to the
development of CHI is a high environmental
temperature, with clusters of cases known to
occur following heat waves and during large
public gatherings in hot climates, such as the
annual Hajj pilgrimage (2-7). Classical heat
illness has also been termed non-exertional
heat illness (NEHI) (8).

In contrast, exertional heat illness (EHI)
typically affects young athletes or military
personnel, whose rise in core temperature
originates from significant muscular exer-
cise, producing heat in such quantities that
they are unable to dissipate it. This produces
a typical clinical and pathological syndrome
which, if allowed to continue unchecked will
progress to heatstroke.

The definition of heatstroke is a matter of
some confusion and controversy. It has been
defined in the recent literature as a core tem-
perature elevated above the range 39 - 41°C
(102.2 — 105.8°F) with associated central
nervous system dysfunction (9-18). An im-
portant problem with defining heatstroke in
terms of body core temperature criteria is
that cooling has often been instituted before
reaching a medical facility, so that by the
time an accurate reading has been recorded
it may have already fallen within, or near to,
normal limits. More usefully heatstroke has
been defined as “a form of hyperthermia as-
sociated with a systemic inflammatory re-
sponse leading to a syndrome of multiorgan
dysfunction in which encephalopathy pre-
dominates” (10). Exertional heatstroke in
particular could be described as “a charac-
teristic clinical and pathological syndrome
due to extreme hyperthermia, that occurs
when excess heat generated by muscular ex-
ercise exceeds the body’s ability to dissipate
it” (19).

Drug-induced hyperthermia following
drug ingestion such as amphetamine or 3,4-
methylenedioxymethamphetamine (MDMA
/“ecstasy”), malignant hyperthermia (MH)
and neuroleptic malignant syndrome
(NMYS) all create similar clinical syndromes
to EHI, but the underlying pathophysiolo-
gies are distinct from EHI. Detailed discus-
sion regarding these conditions is not within
the scope of this review though the potential
contribution to, or exacerbation of, heat ill-
ness should be considered where these are
suspected.
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Epidemiology
One of the earliest recorded descriptions of
heat illness is to be found in the Old
Testament in the Apocrypha, Judith 8 verses
2 and 3. The Arabs named the condition siri-
asis after Sirius, the dog star, which follows
the sun in the summer months. Heat illness
has affected military campaigns throughout
the centuries, including the Roman campaign
in Arabia in 24 BC during which a large part
of the army perished due to the heat (16,20).
Significant numbers of deaths due to heat-
related illness have been recorded in British
military personnel since the 18th Century
(21-24). However, the overall number of sol-
diers admitted to hospital with heat-related
illness is usually far greater with only the
worst cases reaching hospital, while many
more were treated within their own regiments
in the field by combat medical technicians
and medical officers. Recent reviews of the
numbers of British Armed Forces personnel
admitted to hospital with heat-related illness-
es revealed an average of 135 each year for the
period 1981-1991 with 11 deaths during this
time and 516 admissions in total (an average
of 103 per year) during the five-year period
from 1993-1997 (14,25). The reported inci-
dence of heat injury in US basic military
training facilities is typically around 5 — 8
cases per 10,000 troops per week (26). The
true incidence of heat-related illness may be
much higher, especially on operations, due in
part to underreporting bias and a lack of uni-
formity in case definition (2,10,27,28).

Pathophysiology

Humans maintain a constant body tempera-
ture through a number of different physio-
logical mechanisms including vasomotor al-
terations in blood flow and volume distribu-
tion, shivering and sweating. Highly sensitive
peripheral and hypothalamic heat receptors
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stimulate the hypothalamic thermoregulato-
ry centres which then send an efferent re-
sponse via the autonomic nervous system to
promote cutaneous vasodilatation and hence
increase the delivery of blood to the skin (29-
31). Therefore, the normal physiological re-
sponse of a healthy individual results in a hy-
perdynamic circulation with decreased pe-
ripheral resistance. Heat is normally lost
through a combination of conduction, con-
vection, radiation and evaporation of sweat as
illustrated in Figure 1. Maximal thermoregu-
latory capacity depends on individual factors
such as acclimatisation, pre-existing medical
conditions and the use of certain drugs, and
environmental factors including ambient
temperature, humidity and wind speed.
Mechanisms of thermoregulation and the
autonomic regulation of blood pressure and
cellular metabolism are usually in balance.
Development of heat illness reflects a loss of
this balance to the extent that such ‘normal’
physiological mechanisms become patholog-
ical (32).

At a cellular level, direct thermal injury
causes damage by several mechanisms, in-
cluding denaturation and inactivation of en-
zymes, disturbances of cellular lipid mem-
branes and alterations to normal chemical
bonds. Widespread tissue changes are largely
due to sustained elevation of body tempera-
ture above that at which reversible cellular
changes occur. Cellular metabolism is affect-
ed at temperatures above 42°C (107.6°F)
and tissue damage is certain at temperatures
above 46°C (114.8°F) (33). Circulatory in-
sufficiency and hypoxia are the main second-
ary factors which contribute to more wide-
spread cellular injury and organ dysfunction
(30). The complex inter-relationship of pos-
sible factors on the development of heat ill-
ness is described in Figure 2 and a summary
can also be found in Smith, 2004 (34).
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Fig 1. Normal physiological responses to heat loading.
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Fig 2. Abnormal pathophysiological responses occuring with loss of normal thermoregulation.

The question of why one individual should
collapse with heat illness while others in the
same environment remain unaffected is still
not clear. Although many plausible theories
exist the truth probably lies somewhere be-
tween them all. Considerable variation is seen
in the response to heat strain between individ-
uals and, because hyperthermia is not painful
(in fact patients may even exhibit euphoria or
similarly altered behaviour), heat exposure is
often sustained even as the risk of heat illness
increases (35). Several clear risk factors have
been identified, and it may be that a combina-
tion of these factors render the susceptible in-
dividual more likely to suffer an episode than
others. The main individual factors are ex-
tremes of age, co-morbidities, concurrent
medications or alcohol and the level of physi-
cial conditioning including cardiovascular fit-
ness and obesity. Other factors include dehy-
dration, inadequate acclimatisation to a hot
climate, lack of sleep and excessive or restric-
tive clothing (8,10,12,17, 18,30,33,36-40).
Table 1 summarises those conditions associat-
ed with an increased risk of heat illness and
Table 2 lists those medications thought to
have a role in the development or exacerbation
of heat illness.

Table 1. Pre-existing conditions implicated in the develop-
ment or exacerbation of heat-related illness.

Agitation states Hyperthyroidism
Anorexia Miliaria
Cardiovascular Obesity

disease

Cerebrovascular Peripheral vascular
disease disease

Concurrent viral
illness/sepsis

Poorly controlled
hypertension

Cystic fibrosis

Poorly controlled
diabetes mellitus

burns

Diabetes Sickle cell trait/
disease
Extensive cutaneous | Scleroderma

Table 2. Classes and examples of drugs implicated in the de-
velopment or exacerbation of heat-related illness.

Anticholinergics Diuretics

Antihistamines Ethanol

Amphetamines Inhaled
anaesthetics

Anti-parkinsonian LSD, PCP

drugs

Alpha--adrenergic Laxatives

agonists

Beta- adrenergic Neuroleptics

antagonists

Benzodiazepines Phenothiazines

Calcium channel Thyroid hormones

blockers

Cocaine Tricyclic
antidepressants

A previous episode of heat illness has been
shown to increase the risk of future episodes
due to hypothalamic dysfunction with unsta-
ble, and sometimes permanent, alterations to
normal thermoregulatory = mechanisms
(8,17,18,30,33,38,41,42). There may also be
evidence of a genetic or inherent physiological
predisposition thought to be related to the un-
derlying mechanisms involved in malignant
hyperthermia (43-45). There is little doubt
that the use of heavy equipment or clothing
(e.g. personal protection equipment and com-
bat body armour) will have a direct impact on
the ability to lose heat from the body
(8,17,30,38) and this is of particular relevance
to military personnel.

Prevention

Preventative measures include the provision of
adequate education and training, distribution
of advice regarding the nature and risks of
heat-related illnesses, pre-acclimatisation, lim-
itation of heat exposure and metabolic heat
loading, appropriate clothing and equipment
modifications, adequate fluid and salt intake
and the avoidance of predisposing drugs
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(10,17,18,28,36,30).

Risk factors for heat-related illness may be
divided into group and individual factors and
all unit commanders and team leaders should
be familiar with these in order to minimise
heat casualties. Group factors are shared as a
result of local environmental conditions, the
type and level of activity and the type of cloth-
ing and protective equipment required for the
work involved. These include fatigue and sleep
deprivation, lack of food and water, inade-
quate acclimatisation, environmental heat and
humidity and protective equipment such as
body armour or nuclear-biological-chemical
(NBC) suits. Individual risk factors include
increasing age, a low level of physical fitness,
obesity, concurrent illness, and some medica-
tions as outlined above. Studies of male mili-
tary personnel in the US Marine Corps dur-
ing basic training identified the major risk fac-
tors of exertional heat illness to be a raised
BMI and poor level of physical fitness (40).
Hot environments are generally hostile to in-
dividuals arriving from temperate climates. A
good level of physical fitness, adequate heat
acclimatisation and proper hydration are the
best means of reducing the likelihood of de-
veloping heat-related illness (32).

Acclimatisation is the term given for the
physiological response to a new environment
or climate (46). The main adaptation noted
with acclimatisation is an increase in sweating
thought to occur as a result of an increased
sensitivity and lower temperature threshold
for the onset of sweating (8,17,30,35,47-49).
Sweating enhances skin cooling, therefore in-
creasing the temperature gradient for core
heat loss and subsequently an improvement in
heat transfer efficiency. The intravascular fluid
volume also expands leading to a reduced car-
diovascular response required for an increased
demand in cutaneous blood flow, thereby also
improving cardiovascular efficiency (35,50).

The term pre-acclimatisation refers to a pe-
riod of pre-deployment cardiovascular train-
ing or artificial heat stress exposure by a num-
ber of different methods. Lack of adequate
pre-acclimatisation to hot climates has been
shown to be a risk factor for development of
heat-related illness in military personnel upon
deployment from temperate regions (51).
These major physiological adaptations usually
occur within the first week of regular heat ex-
posure (8,17) though full acclimatisation may
require up to two months of regular heat ex-
posure (30,33). For practical purposes, the
greatest adaptations and physiological benefits
are seen following the first 10-14 days.

Protective clothing is a prime target for im-
provement in order to reduce the risk of heat-
related illness in individuals working in hot
environments. It is vital that clothing meets
strict ergonomic and physical requirements so
that protection and function is maintained
whilst minimising compromise from addition-
al physiological or psychological strain (52).
The use of short-sleeved shirts and short
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trousers may seem a reasonable measure in
order to reduce heat gain in hot and humid
environments. However, radiant heat from the
sun may in fact increase total heat load in
these circumstances (53). Skin exposure may
also increase the dangers of ultraviolet light
leading to sunburn in the short term and in-
creased risk of skin cancer in the long term.
For this reason, light-coloured and lightweight
clothing with long sleeves and long trousers is
advisable in hot and humid conditions where
exposure to sun radiation is significant. Loose-
fitting clothing helps to allow more efficient
evaporation and hence cooling (28).

Environmental heat can be measured in a
number of ways and examples are shown in
Table 3. These measurements can be com-
bined by various algorithms in order to pro-
duce a number of different heat stress indices.
Examples include the ‘Oxford Index’,
‘Effective Temperature’, ‘Predicted Heat
Strain’, and ‘Required Sweat Rate’. The most
widely used, and most appropriate for military
use, is the Wet Bulb Globe Temperature
(WBGT) Index which combines the outdoor
measurements of wet bulb, dry bulb and globe
temperatures in weighted proportions.
However, it should be stressed that WBGT
measurements are only one part of the risk as-
sessment for heat illness and other factors
such as work intensity, clothing and rest peri-
ods must also be taken into account.
Guidelines for recommended workloads for
acclimatised and unacclimatised personnel at
different WBGT levels can be found in Joint
Services Publication (JSP) 539 (54).

Table 3. Different measures of environmental heat.

Measure Description

Dry bulb temperature | Air temperature

Wet bulb temperature | Air temperature
taking into account
surface evaporation
of water

Indicates radiant
heat load

The moisture
content of air

Globe temperature

Partial pressure of
water vapour in air

The maximum
possible moisture
content of air at a
particular
temperature

Ratio of partial
pressure of water
vapour in air to the
saturated water
vapour pressure

Combined
temperature index
calculated as single
estimate of
environmental heat
stress

Saturated water
vapour pressure

Relative humidity

Wet bulb globe
temperature
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Table 4. The spectrum of heat related illness.
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Definition Mild Moderate Severe
Commonly used | Heat oedema | Heat fatigue Heat stroke
nomenclature Heat cramps | Heat exhaustion
and Heat tetany
subclassification Heat syncope
Evidence of raised | Unlikely Likely Likely
core temperature | Temporary Temporary Sustained
Hospital Rarely Possible Certain
admission
required
Morbidity and Low risk Medium risk High risk
mortality
Cardiovascular Pulmonary
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Fig 3. Summary of the pathophysiological manifestations of heat illness.

Clinical Features
The spectrum of heat illness ranges from
minor heat rash or heat oedema to more se-
vere heat exhaustion and ultimately life-
threatening heatstroke (Table 4). These
symptom complexes represent a continuum
of disease severity rather than discreet dis-
ease processes. Central nervous system man-
ifestations are seen in all cases of significant
heat illness as the brain is extremely sensitive
to hyperthermia and hypoxia. Any individual
experiencing symptoms such as cramps, agi-
tation, nausea or vomiting, dizziness, stagger-
ing or loss of coordination, confusion, col-
lapse or loss of consciousness during expo-
sure to heat stress should be suspected of suf-
fering from heat illness and receive immedi-
ate emergency assessment and treatment as
appropriate.

The presentation of significant heat illness
is usually acute. However, a proportion of
patients may have prodromal symptoms last-

Heat Illness

ing several hours (28). Evidence suggests
that there is considerable variation in the sus-
ceptibility to heat injury between individuals,
in the same individual at different times and
between different organ systems (55). A
major pitfall in the diagnosis of clinically sig-
nificant heat illness is a low level of clinical
suspicion especially in the context of appar-
ently mild environmental conditions.
Certainly, delay in recognition and misdiag-
nosis seems to occur more commonly in
moderate climates when suspicion is low
(28).This is illustrated by a case series of 82
patients (56) where 30% of cases occurred in
the spring, and many cases occurred at night
or in the early morning.

Heat illness may affect many organ sys-
tems, as outlined in Figure 3. Complications
can include arrhythmias, convulsions, shock,
disseminated intravascular coagulation, renal
failure and neurological impairment.
Mortality rates from heatstroke have been
quoted as high as 10% (31).

An important differential diagnosis to heat
illness in hot climates is water intoxication.
Excessive intake of hypotonic solutions or
water during strenuous exertion in hot envi-
ronments may lead to hyponatraemia. With a
significant and rapid drop in sodium levels
(usually below 130mmol/L) cerebral oedema
will begin to develop, resulting in altered be-
haviour, changes in level of consciousness
and later seizures, coma and death.
Unfortunately, the early signs of exercise-in-
duced hyponatraemia may be difficult to dis-
tinguish from that of heat illness (57-60).
Features that may help differentiate heat ill-
ness from water intoxication are summarised
in Table 5.

Management

The management of heat illness is sum-
marised in Figure 4. It should include stop-
ping the activity, removing the patient to an
area of shade and reassessing risk for the rest
of the group. For the individual patient, an
assessment of airway, breathing and circula-
tion should be the priority, and basic life sup-
port instituted if appropriate. The patient
should be stripped and cooling measures ini-
tiated. High flow oxygen should be adminis-
tered when available. Intravenous access
should be obtained, and an infusion of crys-
talloid commenced (avoiding solutions that
contain potassium such as Hartmanns solu-
tion). Initial observations should include a
rectal temperature.

Once in an appropriate medical facility, the
blood glucose should be measured and a
urine dipstick test performed. The patient
should be catheterised and fluid balance
carefully monitored. Laboratory analysis of
urea and electrolytes, liver function tests, cre-
atine kinase, clotting, arterial blood gases and
urinalysis should be undertaken. Fluid re-
placement must be tailored to the clinical
and haemodynamic state of the individual as
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Table 5. Differentiation berween heat illness and water intoxication signs and symptoms (from

57,58,61).

Heat Illness Water intoxication

Core temperature rise | In severe cases Uncommon

Resting pulse rate Elevated Normal

Blood pressure Hypotensive Normal or elevated
or normal

Orthostatic changes Decrease No decrease

Urine output and
frequency

Oliguric >4hrly Polyuria <4hrly

History of fluid intake

Varied Usually increased

Response to cooling

Gradual recovery | No improvement

Behavioural alterations

In severe cases Common

Mucosal appearance

Usually dry Moist

Symptoms and signs
common to both
conditions

Nausea & vomiting, headache, dizziness,
fatigue, disorientation, confusion, ataxia,
seizures

a policy of routine aggressive rehydration
may result in pulmonary oedema or meta-
bolic disruption. Central venous pressure
and invasive arterial monitoring should be
considered, and patients transferred to an ap-
propriate critical care environment depend-
ing on the severity of their condition.

Many authors suggest that the major de-
terminant of outcome in heatstroke is the du-
ration and severity of hyperthermia
(6,8,10,17,18,28,33,35,36,62,63). A retro-
spective case series found a trend towards
improved survival in patients cooled to a core
temperature below 38.9°C within 60 minutes
(62), and another report found improved
survival when patients were cooled to the
same level within 30 minutes (6). Evidence
therefore, supports the imperative that core
temperature is reduced as quickly as possi-
ble. Cooling should be achieved at a rate of
around 0.5°C (0.9°F) every 5 minutes. Due
to the lag phase in recording, once the core
body temperature falls to below 39°C
(102.2°F), active cooling should cease in
order to avoid overcorrection and hypother-
mia (8,10,18,28,30,35,36,64).

The best method of cooling remains a con-
troversial issue (17,18,33,63). Routine unit
or departmental protocols and regular train-
ing for medical personnel involved are im-
portant in order to improve the speed and ef-
ficiency of cooling measures (18).The aim of
cooling therapy is to increase the core-to-pe-
ripheral temperature gradient and hence
maximise heat loss.

Ice-water immersion has been shown to be
a highly effective method for rapid lowering
of core body temperature (30,35,63).
However, cool water immersion is also un-
derstood to be similarly efficacious and may
offer several advantages over ice-water im-
mersion (18). Practical and tactical consider-
ations make immersion methods unfeasible
in all but a few cases and most hospitals and
emergency departments are not equipped for
this procedure. The main disadvantages are
patient and attendant discomfort, induced
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shivering, difficulty with patient monitoring
equipment and resuscitation efforts (making
safe defibrillation almost impossible) (5,8,
17,18,33,36). An effective alternative to full
body immersion is to place only the patient’s
hands and feet in cold water (65).

Evaporative cooling involves spraying the
body with tepid water and blowing air over
the skin surface (5,8,10,28,33,36,64). This is
the recommended technique for use by mili-
tary personnel and is termed the STRIP-
SPRAY-FAN method.

Invasive methods of cooling may involve
peritoneal dialysis with cold fluids, cold
water gastric, pleural or bladder lavage, use
of cooled intravenous fluids or cardiopul-
monary bypass in extreme cases where more
conservative measures have failed (5,17,
18,33). New devices for intravascular cooling
have been designed for use in specific condi-
tions in critical care units (66) though the use
of these has yet to be studied formally in heat
illness.

Despite the implication of pyrogenic cy-
tokines in the development of heat illness,
antipyretics such as aspirin, paracetamol or
non-steroidal anti-inflammatory drugs
(NSAID’s) are not thought to have a useful
role in the acute management of heat-related
illness and may in fact exacerbate renal and
hepatic dysfunction or worsen coagu-
lopathies (8,10,18,33,35). No other pharma-
cological agent has yet been identified and
proven to accelerate cooling and improve
outcome in the treatment of severe heat-re-
lated illness. The use of dantrolene sodium is
recommended in malignant hyperthermia
and suggested in neuroleptic malignant syn-
drome (67). However, there is no evidence
that dantrolene has any additional benefit
over standard cooling methods in heat illness
(5,8,10,36,68).

Urinary alkalinisation with sodium bicar-
bonate and diuresis with low doses of intra-
venous furosemide (1mg/kg) or mannitol
(0.25 mg/kg) may promote renal blood flow,
helping to prevent precipitation of myoglo-
bin in the renal tubules and damage from
hyperuricaemia (5,8,10,18,28,30,36). How-
ever, there is some evidence to suggest that
this is no better than adequate fluid admin-
istration alone (8). Early dialysis may be re-
quired in acute renal failure as indicated by
anuria, severe uraemia or hyperkalaemia
(18,28,33) though may be ineffective in se-
verely catabolic states (30). Resistant hyper-
kalaemia may require the use of potassium-
lowering resins or an insulin-dextrose infu-
sion (5,36).

The management of significant clotting
abnormalities is also controversial and there
may be a significant delay in the diagnosis of
DIC (28). The most important step is to
treat the underlying hyperthermia with rapid
cooling measures. Administration of whole
blood, fresh frozen plasma (FFP), cryopre-
cipitate or platelet concentrates in coagu-
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Heat illness treatment guidelines

Immediate Action:

= High index of suspicion (o recognise signs early).
= STOP the activity of all (and assess others for signs).
= Adrway/Breathing/Circulation.

= Shade.

- Undress.

« COOL with water & Fan.

- Liw down/Elevate legs,

= Ural Muids, if conscious.

= Oiral glucose, if conscious,

- Call for assistance (Y949),

Initial *Medic” Assistance (Medic on scene):

- Check Airway/Breathing/ Circulation.

- RECTAL temperature,

- Clinical Observations {Pulse/Resp/Consciousness level ),
= IV Access (1-2 litres isotonic crystalloid - normal saline
[avoid Hammans])

= Maintain cooling procedure

= Possible robe for IV Glucose (50ml Glucose 50%)
= If seizures oocur: _ profe position.
= 100ME Oxygen, when available.

Oin arrival at Medical Centre/Primary Care Treatment Facility:
= Check Airway/BreathingCirculation, = Check RECTAL temperature

= Continue with cooling {Water amd fanming)

= More detailed clinical observitions (for example including ECG).

= 100% Oxyaen

= IV Access, i not previously established

= Blood Glucose check,

= e mware of risk of seiwures and treat 25 regquined.

= Clinical review: sssess and review need (or transfer.

Hospital Emergency Care:

= Abrway/Breathing/Circulation — as ahove
- Continue with cooling.

- Rectal temperature on arrivil

L0 W

Evacuation consicderations:
Rectal Temp =407
_Conscions level
Mot resproading to cooling
Clinical concern or any doubl.

——

Unit Treatment:

= Confirm previous wreatment - Continee riage and care: [y Huospital Care option not taken):

*A" = Comsider imubation and ventilation

BT = 100% Oxygen

SO = IV and 1V Fluds. Assess (luid balance

¥ = Assess consciousness level (Glasgow Coma Scale)
‘E' — Urinary catheter/™NG wube/CVP linedArterial line

- Investigations: FBC, U+Es, LIFTs (bilirubin, AST,
ALTY), UK, clotting screen, myoglobin clearance,

Mood gases and lactate,

- Consider alkalinisation.

Fig 4. Heat illness treatment guidelines (54).

lopathies has proven successful in some case
reports (5,18,28,30).

Acid-base abnormalities are usually cor-
rected by cooling, hydration and oxygen ther-
apy though severe acidosis may be treated
with aliquots of sodium bicarbonate in care-
fully calculated doses depending on blood gas
analysis (5,28). Cerebral oedema may com-
plicate severe heat illness and appropriate
treatment should be instigated in order to re-
duce further secondary brain injury.

With the onset of severe heat illness, even
rapid normalisation of body temperature may
not be sufficient to prevent the inflammation
cascade, onset of coagulation dysfunction and
subsequent progression to multi-organ fail-
ure. New approaches to the modulation of in-
flammatory responses could provide future
therapeutic avenues for treatment of severe
heat-related illness. These may include the
use of antibodies, inhibitors or binding agents
to endotoxins and cytokines as well as the use
of corticosteroids and interleukin-receptor
antagonists. Replacement therapy with re-
combinant activated protein C has also
shown promise in the treatment of severe sep-
sis, which has many pathological similarities
to severe heat illness. The protective features
of heat shock proteins and antibodies to en-
dotoxins may also have a future role in pre-

- Confirm casvalty is fully conscious and alert:

- Keep bedded down for 24 — 48 hrs,

- Continue with ohservations (urinalysis and visual check).
- Monitor Muid balance.

- Investigations

FBC, U+Es, serum csmobility, LFTs, CK, ¢loning sereen)
= Check blood sugar kevels.

= Twice daily urinalysis and visual check for 2 days.

= MO review at days 3, 5, T and 10,

conditioning and illness prevention
(10,69,70).

Follow-up

Unfortunately, there is little definitive scien-
tific evidence regarding when it is appropriate
to return to normal activities in hot environ-
ments following a diagnosis of heat-related ill-
ness. An individual who has already sustained
one episode of heat illness may be susceptible
to the effects of increased heat loading for a
variable length of time (54). With mild to
moderate forms of heat-related illness the
signs and symptoms usually resolve within
days. However, considerable individual varia-
tion is seen with heat-related illnesses and
standardised algorithms may not be appropri-
ate for all. Advice should be offered regarding
the avoidance of further heat stress and stren-
uous activity and maintaining adequate hy-
dration for at least the first 48 hours, and de-
finately until symptoms have fully resolved.
Acclimatisation should be allowed to contin-
ue with a graded increase in activity level over
time under careful medical supervision. The
fundamental principles of prevention should
be explained and the risks of further heat-re-
lated illness emphasised. Military personnel
diagnosed with mild to moderate heat illness
not requiring hospital admission, and without
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biochemical evidence of end-organ damage,
should be instructed to avoid high environ-
mental heat loads for around 1 to 2 weeks
(54,71). If admission to hospital is required,
or there is biochemical evidence of organ
damage without complication, medical teams
should advise the cessation of strenuous exer-
tion for one month and refer the patient to a
specialist centre for further assessment (54).
This may require a temporary change in
medical catergory.

An increased susceptibility to further major
heat illness is a feature in victims of severe
heat-related illness. This may reflect perma-
nently altered and unstable thermoregulatory
mechanisms (33). However, temporary heat
intolerance has also been described in indi-
viduals suffering from severe heat-related ill-
nesses. Susceptibility to thermal stress was
demonstrated initially in one such case but
then was shown to have recovered on further
testing four months later thus indicating a
temporarily induced, rather than inherent,
heat intolerance (72).

Severely affected individuals should be ad-
vised to avoid any future exposure to high en-
vironmental or metabolic heat loads. For mil-
itary personnel this may require a permanent
change in medical categorisation by a full
medical board. Re-assessment should take
place involving heat stress testing under con-
trolled, medically supervised conditions in
special facilities, such as the Heat Illness
Clinic at the Institute of Naval Medicine
(INM). Referrals should be made via the
Administrative Officer of the Environmental
Medicine Unit (AO/EMU), INM, Gosport,
Hampshire, PO12 2DL (Tel: Mil 9380 —
68051, Civ 023 9276 8051).

Conclusion

Heat illness is still a significant cause of mor-
bidity among members of the Armed Forces
on operational deployment and at home. We
have learnt much about the physiology and
prevention of heat illness, but there are still
significant questions to be answered, in par-
ticular how to predict an individual’s suscep-
tibility to developing heat illness. The JSP 539
on climatic injuries presents the doctrinal ap-
proach to the prevention and treatment of
heat-related illness (54). This gives definitive
advice regarding prevention and treatment
for both medical and non-medical staff.
Practical documentation includes a risk as-
sessment aide memoire, water requirement
tables, heat illness investigation, treatment
and rehabilitation protocols and heat illness
reporting forms.

Further reading

In addition to the many review articles and
research papers published in the wider litera-
ture, the following textbook is highly recom-
mended for those wishing to expand upon the
information and issues presented in this arti-
cle.
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Medical Aspects of Harsh Environments,
Volume 1. KB Pandolf and RE Burr, Eds.
Textbooks of  Military Medicine.
Washington, DC: Borden Institute, Office of
the Surgeon General, US Army Medical
Department, 2001. 609 pages. ISBN: 0-16-
05107-6.
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