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Heatstroke was first described by a Roman in 24 B.C.
when an expedition into Arabia Felix, led by Aelius Gal-
lus, was decimated by an illness which was “ . . unlike any
of the common complaints, but attacked the head and
caused it to become parched, killing forthwith most of
those who were attacked ..” [1]. The relationship be-
tween high ambient temperature, hyperthermia and the
clinical manifestations of heatstroke was not established
until the middle of the nineteenth century [2]. A major
advance in understanding the pathophysiology of heat-
stroke was made by Malamud et al. in 1946, who showed
that heatstroke led to multiple-organ damage with haem-
orrhage and necrosis in the lungs, heart, liver, kidneys,
brain, and gut [3]. Almost 50 years later, the cascade of
events from exposure to heat to hyperthermia, multiple-
organ damage and death is still not fully understood
[4—7]. Consequently, there has been no real decrease in
the mortality rate (10—50%) or incidence of permanent
neurological damage (7 —14%), despite improvements in
cooling methods and care of patients [4—10].

Heatstroke afflicts very many people in hot climates.
In Makkah during the 1987 Moslem pilgrimage, 2000
cases were reported and 1000 victims died [8]. In the tem-
perate climates of Europe and the USA, many cases have
been reported during heatwaves [4—6, 9, 10].

The clinical diagnosis of heatstroke is strongly sug-
gested when hyperthermia is associated with neurological
abnormalities after exposure to high ambient temperature
[4—6, 11]. Rectal temperature is usually higher than 42°C

and the neurological abnormalities may consist of rest-
lessness, delirium, coma or seizures [4—6, 11]. Muscle ri-
gidity and profuse sweating are generally absent in classic
(non-exertional) heatstroke [11]. Clinical signs of shock,
with a haemodynamic profile typical of sepsis, are pre-
sent in about 25% of patients [11, 12].

Respiratory alkalosis with metabolic acidosis is the
predominant acid-base disorder; hypoxaemia is common
[4, 6, 11]. Hyperglycaemia and hypophosphataemia are
the most striking biochemical abnormalities [11, 13].
Creatine kinase activity is moderately increased, with no
overt rhabdomyolysis [6, 11, 13]. This contrasts with exer-
tional heatstroke where hyperkalaemia, hyperphosphat-
aemia and renal failure predominate and hypocalcaemia
may occur [4]. The haematological findings are usually
leucocytosis, normal haematocrit values, and a normal or
low platelet count [14].

The treatment of heatstroke is cooling [4—6, 11, 15].
Heat is dissipated either by conduction (immersion in ic-
ed water) [4—6], or by evaporation (repeated wetting of
the skin while fanning the patient) [11, 15]; the latter is
recommended [11, 15]. No pharmacological agents has
been found to be beneficial in the treatment of heatstroke
[4, 11]. Despite cooling, about 25% of patients experience
failure of one or more organ-systems [4, 11].

What is the mechanism of hyperthermia in heatstroke?
Body temperature is controlled by the hypothalamus
maintaining a balance between production and dissipa-
tion of heat [16]. Heatstroke occurs when excess heat is

" produced (exertional heatstroke) or when high ambient

temperature and humidity interfere with the dissipation
of heat (classic heatstroke) [4—6, 16]. Other factors that
interfere with the dissipation of heat, including a limited
cardiovascular reserve, obesity and anti-cholinergic drugs,
may increase susceptibility to heatstroke [4—6, 16, 17].
There is ever-increasing albeit indirect evidence to sug-
gest that central thermoregulatory mechanisms may be
involved in classic heatstroke [18 ~20]. The concentration
of circulating endotoxins and pyrogenic cytokines TNF-q,
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I1-1, IL-6 and IFN-y is elevated in heatstroke patients [19,
20]; this can cause increased production of hypothalamic
arachidonic acid metabolites, thereby raising the hypotha-
lamic set-point [16]. The plasma and urine concentrations
of taurine, an amino acid involved in central thermoregu-
lation, are also elevated in heatstroke patients [21].
What is the mechanism of tissue injury and organ
damage? The clinical and metabolic consequences of
heatstroke, which include shock, disseminated intravascu-
lar coagulation, lung injury, lactic acidosis and hyper-
glycaemia, are very similar to those of the sepsis syn-
drome [4—6, 11, 22]. Whereas tissue injury was formerly
attributed to hyperthermia itself, it has recently been ob-
served that normal volunteers heated passively and cancer
patients treated with whole-body hyperthermia can en-
dure a rectal temperature of 41 —-42°C with no, or mini-
mal, tissue injury [23, 24]. Heatstroke can occur when the
rectal temperature increases to only 40°C [5, 11]; more-
over, tissue injury continues to develop after cooling to
normal body temperature in 25% of heatstroke patients
i3, 4, 6, 11]. These observations led to the speculation
that certain mediators are implicated in the pathogenesis
of organ damage [3, 7, 18—20]. Several putative media-
tors, including endotoxin [7, 8, 19], cytokines [19, 20], ac-
tivated coagulation components [22, 25—27}], and activat-
ed or injured endothelium [28—31], have been studied.
Circulating endotoxins have been identified in heat-
stroke patients [19] and in primate models of heatstroke
[18]. In a study by Gathiram et al. [32], primates treated
with anti-endotoxin antibodies before being heat-stressed
to a rectal temperature of 43.5°C survived to the end of
the study, but most of the placebo-treated animals died.
The animals that died had a significantly elevated plasma
lipopolysaccharid concentration. This suggests that endo-

toxin at least partially mediates the tissue injury associat-
ed with hyperthermia.

Endotoxin stimulates the production and/or release of
various mediators, particularly TNF-a [33]. As expected,
the concentration of circulating TNF-a was found to be
elevated in all plasma samples from 17 patients with
heatstroke [19]. IL-1, IL-6 and IFN-y concentrations were
also elevated [20]. Further, there was a significant correla-
tion between the plasma IL-6 concentration and the sever-
ity of heatstroke [20]. These findings suggest that
cytokines have a pathogenic role in heatstroke. However,
this needs to be confirmed by studies showing improved
survival when the biological activity of each specific
cytokine is neutralised.

Widespread  microthrombi and  ultrastructural
evidence of endothelial cell injury are prominent
histological findings during autopsy of heatstroke victims
[28, 29]. Activation of the coagulation factors, and eleva-
tion of D-dimer and factor VIII antigen concentrations in
the blood of heatstroke patients have been reported
[26—28, 31]. Furthermore, the plasma concentrations of
endothelin and circulating intercellular adhesion mole-
cule-1 (c-ICAM-1), known to be partly released by acti-
vated or injured endothelial cells, are increased [30]. The
role of coagulation and endothelial cell activation or in-
jury in the pathological manifestations of heatstroke is
worth further study.

Heatstroke is a continuing challenge for clinicians con-
fronted with this devastating disease. It is hoped that, as
more is learned about the cascade of events from expo-
sure to heat to hyperthermia, multiple-organ failure and
death, an improved strategy for the management of
heatstroke patients will be developed.

References

1. Jarcho S (1967) A Roman experience 7. Anonymous (1989) Endotoxins in 11. Bouchama A, Cafege A, DeVol EB,
with heat stroke in 24 B.C. Bull NY heatstroke  (Editorial). Lancet I Labdi O, El-Assil K, Seraj M (1991) In-
Acad Med 43:767—-768 1137-1138 effectiveness of dantrolene sodium in

2. Levick JJ (1859) Remarks on sunstroke. 8.
Am J Med Sci 73:40-55

3. Malamud N, Haymaker W, Custer RP
(1946) Heat stroke: a clinico-pathologic
study of 125 fatal cases. Milit Surg
99:397—-449 9,

4, Simon HB (1993) Hyperthermia. N
Engl J Med 329:483-487

5. Austin MG, Berry JW (1956) Observa-
tions on one hundred cases of heat-
stroke. JAMA 161:1525—1529

6. Hart GR, Anderson RJ, Crumpler CP, 0.
Shulkin A, Reed G, Knochel JP (1981)
Epidemic classical heatstroke: clinical
characteristics and course of 28 pa-
tients. Medicine (Baltimore) 61:
189—197

Med 7:323-326

Kansas City,
33273331

Ghaznawi HI, Ibrahim MA (1987)
Heatstroke and heat exhaustion in pil-
grims performing the Haj (annual pil-  12.
grimage) in Saudi Arabia. Ann Saudi

Jimenez-Mejias ME, Montano Diaz M, 13,
Villalonga J, Bollaini Tienda E, Lopez
Pardo F, Pineda JA, Gonzalez de la
Puenta MA (1990) Classical heatstroke
in Spain. Analysis of a series of 78
cases. Med Clin (Barc) 94:481—486 14.
Jone TS, Liang AP, Kilbourne EM,
Griffin MR, Patriarca PA, Wassilak
SGF, Mullan R, Herrick RF, Donnell
HD, Choi K, Thacker SB (1982) Mor-
bidity and mortality associated with the
July 1980 heatwave in St Louis and
Mo.

the treatment of heatstroke. Crit Care
Med 19:176—180

O’Donnell TE, Jr, Clowes GHA IJr
(1972) The circulatory abnormalities of
heatstroke. N Engl J Med 287:734-737
Bouchama A, Cafege A, Robertson W,
Al-Dossary S, El-Yazigi A (1991) Mech-
anisms of hypophosphatemia in hu-
mans with heatstroke. J Appl Physiol
71:328-332

Bouchama A, Al-Hussein K, Adra C,
Rezeig M, Al-Shail E, Al-Sedairy S
(1992) Distribution of peripheral blood
leukocytes in acute heatstroke. J Appl
Physiol 73:405-409

JAMA  247:



625

15.

16.

17.

18.

19.

20.

21,

Wyndham CH, Strydom NB, Cooke
HM, Maritz JS, Morrison JF, Fleming
PW, Ward JS (1959) Methods of cool-
ing subjects with hyperpyrexia. J Appl
Physiol 14:771 776

Dinarello CA, Cannon JG, Wolff SM
(1988) New concepts on the pathogene-
sis of fever. Rev Infect Dis 10:168— 189
Rowell LB (1983) Cardiovascular as-
pects of human thermoregulation. Circ
Res 52:367-379

Gathiram P, Wells MT, Raidoo D,
Brock-Utne JG, Gaffin SL (1988) Por-
tal and systemic plasma lipopolysac-
charide concentrations in heat-stressed
primates. Circ Shock 25:223~230
Bouchama A, Parhar RS, ElYazigi A,
Sheth K, Al-Sedairy S (1991) Endotox-
emia and release of tumor necrosis fac-
tor and interleukin-1¢ in acute heat-
stroke. J Appl Physiol 70:2640—2644
Bouchama A, Al-Sedairy S, Siddiqui S,
Shail E, Rezeig M (1993) Elevated pyro-
genic cytokines in heatstroke. Chest
104:1498 — 1502

Bouchama A, ElYazigi A, Yusuf A, Al-
Sedairy S (1993) Alteration of taurine
homeostasis in acute heatstroke. Crit
Care Med 21:551—554

22.

23.

24,

25.

26.

27.

28.

El-Kassimi FA, Al-Mashadani S, Ab-
dullah AK, Akhtar J (1986) Adult re-
spiratory distress syndrome and dissem-
inated intravascular coagulation com-
plicating heatstroke. Chest 90:571—574
Pettigrew RT, Galt JM, Ludgate CM,
Horn DB, Smith AN (1974) Circulatory
and biochemical effects of whole body
hyperthermia. Br J Surg 61:727-730
Bynum GD, Pandolf KB, Schuette WH,
Goldman RF, Lees DE, Whang-Peng J,
Atkinson ER, Bull JM (1978) Induced
hyperthermia in sedated humans and
the concept of critical thermal maxi-
mum, Am J Physiol 235:R228 -R236
Shibolet S, Fisher S, Gilat T, Bank H,
Heller H (1962) Fibrinolysis and
hemorrhages in fatal heatstroke. N Engl
J Med 266:169—173

Beard MEJ, Hickton CM (1982) Hae-
mostasis in heat stroke. Br J Haematol
52:269-274

Perchick JS, Winkelstein A, Shadduck
RK (1975) Disseminated intravascular
coagulation in heat stroke. Response to
heparin therapy. JAMA 231:480—483
Chao TC, Sinniah R, Pakiam JE (1981)
Acute heatstroke deaths. Pathology
13:145-156

29.

30.

31.

32.

33.

Sohal RS, Sun SC, Colcolough HL,
Burch GE (1968) Heatstroke: an elec-
tron microscopic study of endothelial
cell damage and disseminated intra-
vascular coagulation. Arch Intern Med
122:43-47

Bouchama A, Hammami M, Siddiqui
S, Hag A, Al-Sedairy S (1993) Evidence
of endothelial cell activation/injury in
response to sustained hyperthermia
(Abstract). 33rd Interscience Con-
ference on Antimicrobial Agents and
Chemotherapy, October 17—20, 1993
New Orleans, Louisiana, USA, 220:554
Bouchama A, Jackson J, Khan J (1993)
Release of Von Willebrand factor
(VWF-Ag) in heatstroke patients (ab-
stract). Am Rev Respir Dis 147:A346
Gathiram P, Wells MT, Brock-Utne JG,
Gaffin SL (1987) Antilipopolysac-
charide improves survival in primates
subjected to heatstroke. Circ Shock
23:157—-164

Beutler B, Grau GE (1993) Tumor
necrosis factor in the pathogenesis of
infectious diseases. Crit Care Med 21:
S423 —S435



