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EATSTROKE IS THE MOST HAZARDOUS CONDITION IN A SPECTRUM OF
illnesses progressing from heat - to - in which a
shared finding is hyperthermia (i.e., the rise in core body temperature
when heat accumulation overrides heat dissipation during exercise or exposure to

environmental heat stress).! Clinically, heatstroke is characterized by central ner-

(usuall 23 This review summarizes current knowledge about heatstroke,
which is often misinterpreted or overlooked, focusing on its relevance for medical
practitioners.

CLASSIFICATION, RISK FACTORS, AND EPIDEMIOLOGY

Depending on its cause, heatstroke may be
orH Both types derive from , but
their underlying mechanisms differ. Classic heatstroke is due to exposure to envi-

ronmental heat and poor heat-dissipation mechanisms, whereas exertional heat-

stroke is associated with physical and results when excessive production
of metabolic heatﬂ physiological heat-loss mechanisms (Table 1).

- HEATSTROKE

Classic heatstroke frequently occurs as an persons whose
ability to adjust physiologically to heat stress has become compromised, chroni-
cally ill persons, and those who cannot care for themselves.** Rising global tem-
ieratures causing heat waves, as well as urbanization with its attendant

are the major extrinsic factors.”® According to the U.S. National

¢ Multiple intrinsic physiological, social, and medical risk factors
render persons more vulnerable to ongoing heat owing to their diminished
thermoregulatory capacity (Table 2).*>™° Consequently, many elderl
classic heatstroke are hospitalized or are found
1011 and from

as either classic

ceeds L5

are also regarded as a population at
ceptibility to classic heatstroke is attributed to a

(leading to an
tory system (impairing effective heat dissipation),
body (limiting the iotential for heat conductance and resulting in greater heat

accumulation), and a rate (reducing the potential for heat dissipation
through sweat evaporation).”® In infants, a major risk factor for death during hot

weather is confinement in a -- where - can occur within a
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Table 1. Epidemiologic and_ofCIassic and Exertional

Health status

Medications
Mechanism

Sweating
CNS dysfunction

Acid-base distur-
bance

Rhabdomyolysis

-failure
R s

Potassium

Heatstroke.

Feature® - Heatstroke - Heatstroke
Age group Prepubertal, elderly Postpubertal and active
Occurrence Epidemic (heat waves) Sporadic (any time of year)

Concurrent activity

Sedentary Strenuous

Chronically ill Generally healthy

Often being used (pre-
scribed medications)

Usually none being used
(sometimes ergogenic aids,
illicit drugs)

Absorption of environmen-
tal heat and poor heat
dissipation

Excessive heat production,
which overwhelms heat-loss

mechanisms
May be absent (dry skin) Usually present (wet skin)

Common

Common

Respiratory alkalosis

Unusual
Mild Marked to-
Common -

Marked to-
Usually high -

Uncommon (<5%)
Mild
-elevated

Normal

Normal

* ARDS denotes acute respiratory distress syndrome, CNS central nervous sys-
tem, and DIC disseminated intravascular coagulation.
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Exertional heatstroke is a medical emergency,
sporadic in nature, and directly related to strenu-
ous physical activity. It can strike athletes, labor-
ers (e.g., firefighters and agricultural workers),
soldiers, and others engaging in activities that
many of them previously performed uneventfully
under similar conditions of exercise intensity
and duration and environmental exposure. Exer-
tional heatstroke can occur

exposure to
Overmotivation and pressure from peers and
coaches that drive people to
are major
tors for exertional heatstroke.'” In addition, func-
tional and acquired factors and some congenital
conditions increase susceptibility to heat, leading
to exertional heatstroke (Table 2).*'° Alcohol and
drug abuse, alone or in combination, which are
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often a feature of psychedelic-trance music par-
ties or festivals, heighten the metabolic response
to % and are factors for exer-
tional heatstroke among participants in these
events. In addition like drugs and
are a major factor
for exertional heatstroke in (Table 2).
Although previous heatstroke has been suggested
as a risk factor for a recurrent episode,? this is
not supported by conclusive evidence.

The true incidence of exertional heatstroke is
unknown because of frequent misdiagnosis (e.g.,
as dehydration or heat exhaustion). Epidemio-
logic surveys of U.S. high-school football players?
and army personnel® reveal a steady increase in
morbidity and mortality from exertional heat-
stroke during the past decade. Nevertheless, be-
cause exertional heatstroke most often affects
oung persons and its and
are usually rates are
Jo). 3

health

PATHOGENESIS
AND PATHOPHYSIOLOGY

The primary pathogenic mechanism of heat
stroke involves ﬁ from a _
thermoregulatory phase (in which heat loss ex-
ceeds heat gain) to a phase (in
which heat gain is greater than heat loss), when
i with the
needs. Consequently, core
body temperature continues to rise, leading to a
ffect and an re-

creating a vicious cycle, and eventually
i .

The cascade of events underlying the systemic
inflammatory reaction in heatstroke awaits full
elucidation. Hyperthermia triggers a coordinated
stress response involvingﬁ cells, -
cytes, and cells, which provide protec-
tion against tissue injury and promote cell repair.
This reaction is mediated by the molecular chaper-
one family o and by changes
in plasma and tissue levels of
and flammatory
longed hyperthermia, the acute physiological alter-
ations (including circulatory failure, hypoxemia,
and increased metabolic demands) and direct

sponse,
causing
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HEATSTROKE

Table 2._Underlying Heatstroke.*

Heatstroke Type
and Risk Factor

Classic
Weather

Physiological factors

Social factors

Underlying illness

sure to heat stress

Exertional
Social factors

Functional factors

Acquired factors

Congenital factors

Drug abuse

ation) to heat, low work efficiency,
capacity in fat layers), protective clothing (reduced sweating efficiency)

Explanation

Heat waves, with successive hot days and nights

Cardiovascular insufficiency impeding normal cardiovascular adjustments to heat stress: inability to maintain
acceptable stroke volume in the heat, inadequate peripheral vasodilatation due to structural changes and com-
promised nitric oxide—-mediated vasodilatory mechanism, reduced capillary density and quality of cutaneous
microcirculation, decreased sweat rate and sweat-gland output in response to heat stress

Social isolation, unventilated and non-air-conditioned living space, inability to care for oneself, confinement to bed

Exacerbation of mental, cardiovascular, cerebrovascular, and pulmonary illnesses and multiple sclerosis by expo-

Beta-blockers, diuretics, calcium-channel blockers, laxatives, anticholinergic drugs, salicylates, thyroid agonists,
benztropine, trifluoperazine, butyrophenones, a-agonists, monoamine oxidase inhibitors, sympathomimetic
medications, tricyclic antidepressants, SSRIs

Overmotivation, peer and coach pressure

Low physical fitness (physical effort unsuited to ihysical ﬁtness;_’),-o_ (habitu-

Viral or bacterial infection (even if subclinical), dehydration, sleep deprivation, sweat-gland dysfunction (e.g., deep
burns, scarred skin on >40% of total body-surface area)

Chronic idiopathic or familial anhydrosis, ectodermal dysplasia

Amphetamines and amphetamine-like agents (e.g., ephedra), MDMA, cocaine, PCP and LSD, synthetic stimulants
of the cathinone class (e.g., «-PHP), alcohol

(reduced ratio of skin area to mass and greater heat-storage

* LSD denotes lysergic acid diethylamide, MDMA 3,4-methylenedioxymethamphetamine (ecstasy), PCP phencyclidine, a-PHP a-pyrrolidino-
hexanophenone, and SSRI selective serotonin-reuptake inhibitor.

effects escalate, causing
of the reaction.’!
The heatstroke-related inflammatory response
is akin to the systemic inflammatory response
syndrome ‘,'2'33 It has been suggested that
SIRS is mediated by circulating messenger RNAs
that trigger the release of cytokines and the
high-mobility group box 1 protein

b
leading to excessive . and
ﬂ-“*35 Much like septic shock,

SIRS can cause a rapid deterioration in clinical
status, resulting in disseminated intravascular
coagulation i}, failure, and death.
Hence, heatstroke is considered to be “a

2 In a study of patients hospitalized
of the patients
also met the for- and for
those patients, hospitalization was prolonged.*
Similarly, clinical and experimental evidence of

neutrophil activation in classic heatstroke serves
as a link between the inflammatory and coagu-
lation responses.?>** Nevertheless, the association
between SIRS and heatstroke may easily be over-
looked because heatstroke, and especially exer-
tional heatstroke, is not commonly seen in inten-
sive care units and is not on the usual list of SIRS
causes. The consequent delay in recognizing the
etiologic link between the two disorders and
administering appropriate treatment may dramati-
cally exacerbate the clinical consequences of SIRS.

INTEGRITY AND

causes
versely affecting cell viability and cell-wall per-
meability. The resulting oxidative and nitrosative
stress damages cell membranes and opens tight
cell-to-cell junctions, allowing ﬁ and
possibly pathogens to leak into the systemic

the
and resulting in
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Compensable
Exercise or heat stress

!

Increased metabolic rate

!

Increased core body
temperature

!

Increased cardiac output

: :

. Decreased visceral
Increased skin blood flow
blood flow

NonGampenaiii '
-central

venous pressure

!

Increased core body
temperature

'
permeability

Cardiovascular collapse
Inflammatory reaction

!

Sweat

Cell anoxia

Liver dysfunction

Increased core body Systemic inflammatory Acute renal failure
temperature response system Coagulopathy
Muscle breakdown

Cardiac dysfunction

Heatstroke

Figure 1._ Pathway Leading to Heat Stroke.

The sequence of events that leads to heat stroke involves a transition from a compensable thermoregulatory state
to the noncompensable condition. Heat stress initiates a thermoregulatory response to increased cardiac output
and redistribution of blood flow. When central venous pressure begins to decrease substantially, core temperature
begins to increase rapidly and becomes noncompensable. The thermoregulatory failure aggravates pathophysiologi-
cal processes at the cellular level, including an inflammatory reaction, and multiorgan failure occurs as a result of
the combination of high body temperature and circulatory collapse, and ultimately is expressed as heatstroke. DIC
denotes disseminated intravascular coagulation.

Although the concept of a - between

stroke and

~ pmaeNosts

The diagnosis of heatstroke is largely clinical
This can further exacerbate based primarily on the - of h

the clinical condition of patients with heatstroke abnormalities, and recent exposure
and worsen the prognosis. to (in the classic form) orh
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HEATSTROKE

exertion (in the exertional form). Tachycardia,
tachypnea, and hypotension are common. Profuse
sweating and wet skin are typical of exertional
heatstroke, whereas in classic heatstroke, the skin
is usually dry, reflecting the characteristic decrease
in the sweat-gland response and output in elderly
people under heat stress. The skin may be either
flushed, reflecting excessive peripheral vasodi-
latation, or pale, indicating vascular collapse.

DIFFERENTIAL DIAGNOSIS

Any systemic disease with a similar clinical pic-
ture of fever and manifestations of brain dysfunc-
tion should be considered only after heatstroke
has been ruled out, because a delay in the treat-
ment of heatstroke substantially increases mor-
bidity and mortality. Once heatstroke has been
ruled out on the basis of the clinical history and
context, other conditions to be considered include
meningitis, encephalitis, epilepsy, drug intoxi-
cation (e.g., atropine, MDMA [3,4-methylenedioxy-
methamphetamine], cocaine, or amphetamines),
severe dehydration, and any metabolic syndrome
(e.g., neuroleptic malignant syndrome, lethal
catatonia, serotonin syndrome, thyroid storm,
or pheochromocytoma multisystem crisis).*

CLINICAL PICTURE AND COMPLICATIONS
The clinical picture of heatstroke has been exten-
sively reviewed.>* The disorder has three phases,
which are seen more clearly in exertional heat-
stroke than in classic heatstroke: a hyperthermic—
neurologic acute phase, a hematologic—enzymatic
phase (peaking 24 to 48 hours after the event),
and a late renal-hepatic phase (if clinical symp-
toms are sustained for 96 hours or longer). Most
critical for primary care practitioners is the acute
phase, since prompt recognition and treatment of
heatstroke in the acute phase may be lifesaving.
Adequate measurement of core (rectal) tem-
perature is critical in persons who may have
heatstroke. Hyperthermia is expected, but reli-
ance on a core body temperature of more than
40.5°C as a diagnostic yardstick could be mis-
leading, since the temperature may be falsely low
if the measurement is delayed or performed in-
appropriately (e.g., if temperature is measured
orally or from the forehead or the axilla).>** Never-
theless, extreme hyperthermia during physical
exertion does not always indicate heatstroke;
many marathon runners finish the race with a

high core body temperature but without accom-
panying changes associated with the clinical
picture of heatstroke.®

Given the brain’s extreme sensitivity to hyper-
thermia, CNS disturbances are inevitable in heat-
stroke. Early symptoms include behavioral chang-
es, confusion, delirium, dizziness, weakness,
agitation, combativeness, slurred speech, nausea,
and vomiting.! Seizures and sphincter inconti-
nence may occur in severe cases, mainly in exer-
tional heatstroke.?

Consciousness commonly deteriorates but is
usually regained once the temperature falls be-
low the critical level of 40.5°C. In severe cases,
brain edema ensues.!? Brain injury appears to be
concentrated in the cerebellum, with generalized
atrophy and evidence of involvement of the Pur-
kinje cell layer.*>** Neuronal injury to the auto-
nomic and enteric nervous systems may be long-
lasting. The hypothesis that damage to the
preoptic anterior hypothalamus is responsible for
the loss of thermoregulation has not been proved.!

Multiorgan system dysfunction and failure
(more pronounced in exertional heatstroke than
in classic heatstroke) may peak within 24 to 48
hours (Table 1). If treatment is prompt, clinical
signs become milder in most cases and abate
within a few days, and most patients recover
without lasting effects. Possible complications
range from sustained alteration in consciousness
to DIC, acute respiratory distress syndrome, and
acute renal, cardiac, and hepatic dysfunction and
failure.>® Rhabdomyolysis, although not pathog-
nomonic, is typical of exertional heatstroke.> The
prognosis worsens when kidney and liver dys-
function are sustained for more than 96 hours.
Autopsy studies show that end-organ failure after
heatstroke is due primarily to heat-induced ne-
crotic and apoptotic cell death accompanying
widespread microthrombosis, hemorrhage, and
inflammatory injury.?*3># Some neurologic se-
quelae (e.g., cerebellar ataxia, dysarthria, cog-
nitive disorders, and anterograde amnesia) may
persist for several weeks to months.* One study
indicates that the risk of death during the months
and years after recovery from heatstroke may be
higher than the risk in the general population.*

BIOMARKERS
Clinical and laboratory measures reflecting or-
gan function should be systematically monitored
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