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Heatstroke is the most hazardous condition in a spectrum of 
illnesses progressing from heat exhaustion to heatstroke, 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).1 Clinically, heatstroke is characterized by central ner-
vous system (CNS) dysfunction, multiorgan failure, and extreme hyperthermia 
(usually >40.5°C).2,3 This review summarizes current knowledge about heatstroke, 
which is often misinterpreted or overlooked, focusing on its relevance for medical 
practitioners.

Cl a ssific ation, R isk Fac t or s,  a nd Epidemiol o gy

Depending on its cause, heatstroke may be categorized as either classic (passive) 
or exertional. Both types derive from failure to dissipate excessive body heat, 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 exercise and results when excessive production 
of metabolic heat overwhelms physiological heat-loss mechanisms (Table 1).

Classic Heatstroke

Classic heatstroke frequently occurs as an epidemic among elderly persons whose 
ability to adjust physiologically to heat stress has become compromised, chroni-
cally ill persons, and those who cannot care for themselves.4,5 Rising global tem-
peratures causing heat waves, as well as urbanization with its attendant inner-city 
heat islands, are the major extrinsic factors.5,6 According to the U.S. National 
Weather Service, heat waves kill more people, on average, than any other extreme 
weather event.6 Multiple intrinsic physiological, social, and medical risk factors 
render elderly persons more vulnerable to ongoing heat owing to their diminished 
thermoregulatory capacity (Table 2).4,5,7-9 Consequently, many elderly patients with 
classic heatstroke are hospitalized or are found dead within 1 to 3 days after a 
reported onset of illness,10,11 and mortality from heatstroke among the elderly ex-
ceeds 50%.1,5

Prepubertal children are also regarded as a population at risk.12 Children’s sus-
ceptibility to classic heatstroke is attributed to a high ratio of surface area to mass 
(leading to an increased heat-absorption rate), an underdeveloped thermoregula-
tory system (impairing effective heat dissipation), small blood volume relative to 
body size (limiting the potential for heat conductance and resulting in greater heat 
accumulation), and a low sweating rate (reducing the potential for heat dissipation 
through sweat evaporation).13 In infants, a major risk factor for death during hot 
weather is confinement in a closed car, where death can occur within a few 
hours.14
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Exertional Heatstroke

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 even within the first 
60 minutes of exertion and may be triggered with-
out exposure to high ambient temperatures.15,16

Overmotivation and pressure from peers and 
coaches that drive people to perform beyond 
their physiological capability are major risk fac-
tors for exertional heatstroke.17 In addition, func-
tional and acquired factors and some congenital 
conditions increase susceptibility to heat, leading 
to exertional heatstroke (Table 2).18,19 Alcohol and 
drug abuse, alone or in combination, which are 

often a feature of psychedelic-trance music par-
ties or festivals, heighten the metabolic response 
to energetic music20 and are risk factors for exer-
tional heatstroke among participants in these 
events. In addition, amphetamine-like drugs and 
other stimulating agents21 are a major risk factor 
for exertional heatstroke in athletes (Table  2). 
Although previous heatstroke has been suggested 
as a risk factor for a recurrent episode,22 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 players23 
and army personnel24 reveal a steady increase in 
morbidity and mortality from exertional heat-
stroke during the past decade. Nevertheless, be-
cause exertional heatstroke most often affects 
healthy young persons and its recognition and 
treatment are usually prompt, mortality rates are 
low (<5%).1,3

Patho genesis  
a nd Pathoph ysiol o gy

The primary pathogenic mechanism of heat 
stroke involves transition from a compensable 
thermoregulatory phase (in which heat loss ex-
ceeds heat gain) to a noncompensable phase (in 
which heat gain is greater than heat loss), when 
cardiac output is insufficient to cope with the 
high thermoregulatory needs. Consequently, core 
body temperature continues to rise, leading to a 
direct cytotoxic effect and an inflammatory re-
sponse, creating a vicious cycle, and eventually 
causing multiorgan failure (Fig. 1).1,2,25-27

Inflammatory Response

The cascade of events underlying the systemic 
inflammatory reaction in heatstroke awaits full 
elucidation. Hyperthermia triggers a coordinated 
stress response involving endothelial cells, leuko-
cytes, and epithelial cells, which provide protec-
tion against tissue injury and promote cell repair. 
This reaction is mediated by the molecular chaper-
one family of heat-shock proteins and by changes 
in plasma and tissue levels of proinflammatory 
and antiinflammatory cytokines.28-30 With pro-
longed hyperthermia, the acute physiological alter-
ations (including circulatory failure, hypoxemia, 
and increased metabolic demands) and direct 

Feature* Classic Heatstroke Exertional Heatstroke

Age group Prepubertal, elderly Postpubertal and active

Occurrence Epidemic (heat waves) Sporadic (any time of year)

Concurrent activity Sedentary Strenuous

Health status Chronically ill Generally healthy

Medications Often being used (pre-
scribed medications)

Usually none being used 
(sometimes ergogenic aids, 

illicit drugs)

Mechanism Absorption of environmen-
tal heat and poor heat  

dissipation

Excessive heat production, 
which overwhelms heat-loss 

mechanisms

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

CNS dysfunction Common Common

Acid–base distur-
bance

Respiratory alkalosis Metabolic acidosis

Rhabdomyolysis Unusual Frequent

Liver dysfunction Mild Marked to severe

Renal failure Uncommon (<5%) Common (25−30%)

DIC Mild Marked to severe

ARDS Common Common

Creatine kinase Mildly elevated Markedly elevated

Calcium Normal Low (hypocalcemia)

Potassium Normal Usually high (hyperkalemia)

*	�ARDS denotes acute respiratory distress syndrome, CNS central nervous sys-
tem, and DIC disseminated intravascular coagulation.

Table 1. Epidemiologic and Clinical Features of Classic and Exertional 
Heatstroke.
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heat-related cytotoxic effects escalate, causing 
dysregulation of the inflammatory reaction.31,32

The heatstroke-related inflammatory response 
is akin to the systemic inflammatory response 
syndrome (SIRS).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 (HMGB1), 
leading to excessive activation of leukocytes and 
endothelial cells.34,35 Much like septic shock, 
SIRS can cause a rapid deterioration in clinical 
status, resulting in disseminated intravascular 
coagulation (DIC), multiorgan failure, and death. 
Hence, heatstroke is considered to be “a form of 
hyperthermia associated with a systemic inflam-
matory response leading to a syndrome of multi-
organ dysfunction in which encephalopathy pre-
dominates.”2 In a study of patients hospitalized 
for exertional heatstroke, 84% of the patients 
also met the diagnostic criteria for SIRS, and for 
those patients, hospitalization was prolonged.36 
Similarly, clinical and experimental evidence of 

neutrophil activation in classic heatstroke serves 
as a link between the inflammatory and coagu-
lation responses.32,33 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.

Gastrointestinal Integrity and Endotoxemia

The heatstroke-induced reduction in intestinal 
blood flow causes gastrointestinal ischemia, ad-
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 endotoxins and 
possibly pathogens to leak into the systemic 
circulation, overwhelming the detoxifying capac-
ity of the liver and resulting in endotoxemia.37,38 

Heatstroke Type  
and Risk Factor Explanation

Classic

Weather Heat waves, with successive hot days and nights

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

Underlying illness Exacerbation of mental, cardiovascular, cerebrovascular, and pulmonary illnesses and multiple sclerosis by expo-
sure to heat stress

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

Exertional

Social factors Overmotivation, peer and coach pressure

Functional factors Low physical fitness (physical effort unsuited to physical fitness; “killer workouts”), lack of acclimatization (habitu-
ation) to heat, low work efficiency, overweight (reduced ratio of skin area to mass and greater heat-storage  
capacity in fat layers), protective clothing (reduced sweating efficiency)

Acquired factors 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)

Congenital factors Chronic idiopathic or familial anhydrosis, ectodermal dysplasia

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

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

Table 2. Risk Factors Underlying Heatstroke.*
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Although the concept of a link between heat-
stroke and endotoxemia is not new,39 many phy-
sicians tend to ignore or misinterpret applicable 
laboratory findings. This can further exacerbate 
the clinical condition of patients with heatstroke 
and worsen the prognosis.

Di agnosis

The diagnosis of heatstroke is largely clinical, 
based primarily on the triad of hyperthermia, 
neurologic abnormalities, and recent exposure 
to hot weather (in the classic form) or physical 

Figure 1. Pathophysiological 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.
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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 
f lushed, 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).1,40

Clinical Picture and Complications

The clinical picture of heatstroke has been exten-
sively reviewed.3,41 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).3,42 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.43

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.1 Seizures and sphincter inconti-
nence may occur in severe cases, mainly in exer-
tional heatstroke.3

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.1,3 Brain injury appears to be 
concentrated in the cerebellum, with generalized 
atrophy and evidence of involvement of the Pur-
kinje cell layer.41,44 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.1

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.2,3 Rhabdomyolysis, although not pathog-
nomonic, is typical of exertional heatstroke.3 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.26,32,41 Some neurologic se-
quelae (e.g., cerebellar ataxia, dysarthria, cog-
nitive disorders, and anterograde amnesia) may 
persist for several weeks to months.45 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.46

Biomarkers

Clinical and laboratory measures reflecting or-
gan function should be systematically monitored 
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for at least 72 hours to avoid missing possible 
clinical deterioration.3 However, experimental 
data indicate that these measures may not ade-
quately reflect the severity of illness or the long-
term prognosis.1 Circulating biochemical mark-
ers that might better indicate organ failure and 
facilitate an accurate diagnosis and prompt treat-
ment are under investigation, including HMGB1,47 
neutrophil gelatinase–associated lipocalin (also 
known as 24p3, uterocalin, and neu-related lipo-
calin),48 cardiac troponin I,49 the ratio of urinary 
heat shock protein 72 to urinary creatinine,50 
histone,51 and cryptdin 2 peptide (an intestinal 
alpha-defensin).52 However, these biomarkers are 
experimental and have not been clinically tested 
or approved.

Tr e atmen t

Patients with heatstroke are treated symptomati-
cally and conservatively (Table  3). The primary 
objective is alleviation of hyperthermia; thus, un-
like in other traumatic conditions, “cool and run” 
rather than “scoop and run” is the catchphrase.

Control of Body Temperature

The prognosis worsens if the core body tempera-
ture is sustained above the critical threshold of 
40.5°C. Indeed, rapid and effective cooling is the 
cornerstone of treatment and should be delayed 

only for essential cardiopulmonary resuscita-
tion.3,53 In the absence of a specifically defined 
end-point temperature for safe cessation of cool-
ing, common practice dictates a target tempera-
ture below 39°C (preferably 38.5° to 38.0°C) to 
lessen the risk of clinical deterioration.3

For exertional heatstroke, a cooling rate faster 
than 0.10°C per minute is safe and is desirable 
for improving the prognosis.54 Immersion in cold 
water for the treatment of exertional heatstroke 
is the accepted method of choice for achieving a 
cooling rate of 0.20° to 0.35°C per minute,53,54 
despite numerous reasons, all unfounded, for 
not using this method.53 Under military or desert 
field conditions where ice is not readily avail-
able, a cooling rate of approximately 0.10°C per 
minute can be achieved by pouring copious 
amounts of water over the body and fanning.54,55

In elderly persons with classic heatstroke, 
cold-water immersion can yield an acceptable 
cooling rate, but the treatment of choice involves 
the use of one or more types of conductive or 
evaporative cooling, such as infusion of cold 
fluids (intravascular temperature management); 
application of ice packs, cold packs, or wet gauze 
sheets; and fanning. These methods, albeit less 
efficient than cold-water immersion, are better 
tolerated by elderly persons and are also readily 
accessible and easily applied during an epidemic 
of classic heatstroke, when emergency depart-

Treatment Comments

Treatment on site

CPR Perform according to ACLS protocol; administer oxygen at 4 liters/min to increase oxygen saturation to >90%

Core body temperature Monitor rectal temperature and perform cooling in cases of hyperthermia; for exertional heatstroke, cold-water 
immersion; for classic heatstroke, conductive or evaporative cooling

Fluids Administer isotonic saline IV (1−2 liters/hr); dehydration is not a major issue

Seizure medication Administer benzodiazepines IV (5 mg) until seizures cease (not more than 20 mg)

Evacuation For classic heatstroke, transport immediately to ED; for exertional heatstroke, transport to ED after cooling to 
body temperature <39.0°C

Treatment in the ED

Core body temperature Monitor rectal or intravesical temperature and perform cooling until core temperature <38.0°C; use either a 
cooling suit or cold fluids (4°C, 1000 ml/30 min) infused through central catheter; antipyretics are toxic and 
should be avoided; dantrolene has not been proved to be effective

Seizure medication Administer benzodiazepines IV (5 mg, repeated) or phenytoin IV (loading dose, 15–20 mg/kg in 15 min) until 
seizures cease

Laboratory testing Perform CBC, urinalysis, blood cultures, kidney-function and liver-function tests (ALT, AST, ammonia, INR); 
test for glucose, electrolytes, arterial blood gases and acid–base balance, clotting function, CK, LDH, myo-
globin, CRP

Table 3. Guidelines for the Treatment of Heatstroke.*
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Treatment Comments

Monitoring of circulation For circulatory failure, administer fluids (30 ml/kg), monitor CVP or perform invasive hemodynamic monitor-
ing, maintain mean arterial pressure at >65 mm Hg (or >75 mm Hg if patient is elderly or has hyperten-
sion), all with a goal of normal lactate level and urine output >50 ml/kg/hr; vasopressors should be con
sidered if fluid therapy fails

Treatment in the ICU

General Perform CPR according to ACLS protocol; ECMO may be used as needed

Monitor rectal, intravesical, or blood temperature; continue cooling to maintain core temperature at <38.0°C by 
infusing cold fluids (4°C, 1000 ml/30 min) through central catheter or use extracorporeal blood cooling for 
resistant hyperthermia; antipyretics are toxic and should be avoided; dantrolene has not been proved to be 
effective

Perform laboratory tests: CBC, glucose, arterial blood gases and acid–base balance, clotting function, CK, LDH, 
liver function (ALT, AST, ammonia, INR), myoglobin, kidney function, urinalysis, CRP, blood cultures; repeat 
every 12 hr during the first 48 hr, then every 24 hr

Heart failure Perform CPR according to ACLS protocol; perform invasive hemodynamic monitoring and echocardiography; 
for mild multiorgan failure, administer dobutamine IV (1 μg/kg/min, then 2–20 μg/kg/min as needed) or 
milrinone IV (loading dose, 50 μg/kg in 10 min, then 0.2–0.75 μg/kg/min) or adrenaline IV (1 μg/min); for 
severe multiorgan failure, ECMO may be used as needed

Acute kidney injury Administer crystalloid solution to maintain urine output >50 ml/kg/hr; administer furosemide IV (10–20 mg in 
patients without previous exposure to diuretics; follow-up dose depends on urine output); provide hemodi-
alysis or CVVH in cases of volume overload, severe acidosis, hyperkalemia, or uremia; adjust fluid infusion 
rate according to blood pressure and urine output; monitor electrolytes and correct as needed

Encephalopathy and brain 
edema

For a score of <8 on the GCS,† intubate and ventilate; for mild hyperventilation (Pco2, 34–36 mm Hg) adminis-
ter hypertonic saline 3% IV (starting dose, 100 ml/30 min, then according to patient’s total body water to 
reach sodium level increase of 12 mmol/day) or mannitol 20% IV (0.25–2 g/kg in 30 min); keep head at 
45-degree angle, administer tranquilizers; patients with hyperammonemia require hemofiltration or MARS 
therapy; condition improves with cooling; consider monitoring ICP

Rhabdomyolysis Administer IV fluid infusion, 1–2 liters/hr (aggressive fluid treatment in the first hour), then 300 ml/hr; furose-
mide IV (10–20 mg in patients without previous diuretic treatment; follow-up dose depends on urine out-
put) in case of fluid overload; sodium bicarbonate, 30 mmol/hr (to achieve urine pH >6.5); myoglobinuria  
is expected; hypercalcemia and metabolic alkalosis (pH >7.5) should be avoided

DIC and other coagulation  
abnormalities

For bleeding and thrombosis, administer fresh-frozen plasma (bolus dose, 10–15 ml/kg, then 200–400 ml  
according to coagulation indexes); administer cryoprecipitate (5–10 U each time) for fibrinogen level of 
<180 mg/dl; administer platelet concentrates (infusion of one therapeutic dose) if platelet count <20 per 
mm3 or if there is bleeding and platelet count <50 per mm3; in patients with hepatic failure, consider PCC  
to achieve a target INR ≤1.5; inject PCC dose according to INR and patient’s weight; avoid heparin; beware 
of hypothermia and metabolic acidosis

ARDS Perform intubation and mechanical ventilation; avoid fluid overload

Liver failure Monitor liver function and mental status for at least 4 days; provide supportive treatment: hemodynamic  
stability, N-acetylcysteine IV (bolus dose, 150 mg/kg in 200 ml of 5% glucose solution for 20 min, then  
50 mg/kg in 500 ml of 5% glucose solution for 4 hr, then 100 mg/kg in 1000 ml of 5% glucose solution for 
16 hr); administer hypertonic saline 3% IV or mannitol IV (0.25–2 g/kg in 30 min in 20% solution), hemo
filtration, laxatives (e.g., oral lactulose, 30 ml every 2 hr until diarrhea occurs), oral rifaximin (400 mg 3 times  
a day) in case of fulminant liver failure; liver transplantation rarely needed, and there is no evidence that it  
is effective

ECG changes Monitor continuously for possible arrhythmias; ECG changes are nonspecific

SIRS Treat the same as sepsis; consider antibiotics

*	�The recommendations given in this table are general guidelines. Individualized treatment according to the patient’s condition is advised. 
The full picture of organ failure may be evident only 24 to 48 hours after the event. Therefore, follow-up should continue for at least 96 
hours. ACLS denotes advanced cardiovascular life support, ALT alanine aminotransferase, AST aspartate aminotransferase, CBC complete 
blood count, CK creatine kinase, CPR cardiopulmonary resuscitation, CRP C-reactive protein, CVP central venous pressure, CVVH continu-
ous venovenous hemofiltration, ECG electrocardiography, ECMO extracorporeal membrane oxygenation, ED emergency department, ICP 
intracranial pressure, ICU intensive care unit, INR international normalized ratio, IV intravenous, LDH lactate dehydrogenase, MARS molecular 
adsorption recirculation system, PCC prothrombin complex concentrate, Pco2 partial pressure of carbon dioxide, and SIRS systemic inflam-
matory response syndrome.

†	�Scores on the Glasgow Coma Scale (GCS) range from 3 to 15, with lower scores indicating a reduced level of consciousness.

Table 3. (Continued.)
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ments may be inundated with frail elderly pa-
tients.56

No pharmacologic agents accelerate cooling. 
Antipyretic agents such as aspirin and acetamino-
phen are ineffective in patients with heatstroke, 
since fever and hyperthermia raise the core body 
temperature through different physiological path-
ways. Furthermore, antipyretic agents aggravate 
coagulopathy and liver injury in patients with 
heatstroke. The ryanodine receptor antagonist 
dantrolene, used in the treatment of malignant 
hyperthermia, is under investigation for heatstroke 
therapy (ClinicalTrials.gov number, NCT03600376), 
but there is currently no evidence to support the 
claim that this agent is effective for heatstroke. 
Indeed, the release of skeletal-muscle calcium 
appears to have no role in the pathophysiology 
of heatstroke.1,40

Treatment of Organ Injuries

Prompt recognition and effective cooling will in 
most cases rapidly reverse heat-induced organ 
dysfunction. However, cooling may not suffice 
to effect a full recovery, and prompt administra-
tion of adjuvant treatments may be critical for 
survival. The standard of care should be imme-
diate intervention with symptomatic support of 
organ functions and awareness of the possible 
development of SIRS (Table 3).3,35

Several novel treatment approaches, which 
could presage future therapies, are being investi-
gated in animal models and in preliminary clini-
cal studies. These include a xanthine oxidase 
inhibitor (allopurinol) to reduce portal lipopoly-
saccharide levels by protecting the integrity of 
tight cell-to-cell junctions,37 recombinant acti-
vated protein C to ameliorate inflammation and 
the dysfunctional coagulation cascade,57 type III 
antithrombin concentrate and recombinant sol-
uble thrombomodulin-α to treat DIC58,59 (and 
NCT00487656), and serine proteases to suppress 
pancreatic enzyme activity in the intestinal lumen, 
thereby substantially reducing systemic inflam-
matory markers.60 Adjuvant treatment with Chi-
nese rhubarb, a plant species of the Polygonaceae 
family, reportedly alleviates the inflammatory 
response and facilitates recovery from heat-associ-
ated acute liver and kidney injury61 (Chinese Clini-
cal Trial Registry number, ChiCTR1800016460). 
These potential therapies are at different stages 
of investigation, and the data are still limited. 

More information and experience will be required 
before they can be approved for use in patients.

Pr e v en tion

Prevention of heatstroke is more effective than 
treatment and is certainly easier. In warm weather 
and especially during heat waves, protective steps 
should be taken to mitigate the risk of classic 
heatstroke. These include staying in air-condi-
tioned homes or other air-conditioned premises 
(e.g., shopping malls or movie theaters), using 
fans, taking frequent cool showers, decreasing 
exertion, and increasing social contact to coun-
teract isolation.4,62 In addition, family members, 
neighbors, and social workers are advised to 
check on elderly persons frequently to ensure 
their well-being.

Adherence to experience-based preventive 
measures at both the individual and organiza-
tional levels can significantly reduce the inci-
dence of exertional heatstroke.17 These measures 
include acclimatizing to changed environmental 
conditions, matching the level of physical exer-
tion to the degree of physical fitness, avoiding 
hot times of the day for training schedules, re-
moving vapor-barrier equipment and clothing 
that interfere with sweat evaporation, maintain-
ing a proper hydration regimen, and scheduling 
rest periods during activity; persons with early 
signs of illness should be prevented from engag-
ing in physical activity.15,17

R e t ur n t o Nor m a l Ac ti v i t y 
a f ter He at s trok e

Elderly persons recovering from classic heat-
stroke should be helped to adopt a healthier 
lifestyle that will enable them to cope with heat 
stress. For workers, athletes, or military person-
nel recovering from exertional heatstroke, there 
are no comprehensive guidelines for returning 
to work, play, or duty. Common sense dictates 
waiting for clinical and laboratory findings to 
return to normal and cautiously reintroducing 
exercise.19,63 The American College of Sports 
Medicine recommends a structured test of heat 
tolerance before an athlete returns to play but 
does not specify a protocol.63,64 Two such tests 
exist for military personnel,65,66 and although 
their effectiveness is still being debated,67 they 
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appear to be in use as an auxiliary tool for decid-
ing when soldiers may return to duty.

He at s trok e a nd Genomic  
or Gene tic Tr a i t s

Studies in a rat model exposed to heat stress and 
observations in patients with exertional heat-
stroke have shown marked genomic changes that 
are consistent with the hypothesis that heat-
stroke can result from the cumulative effects of 
multiple adverse interacting stimuli, including a 
possible genomic predisposition to heat intoler-
ance.68,69 This hypothesis may be further sup-
ported by the observations that the lymphocyte 
transcriptome differs from one person to another 
and that in persons considered to have heat in-
tolerance, the transcription factors of cytopro-
tective genes are malfunctioning, possibly ex-
plaining the susceptibility of such persons to 
heat stress.70 During acclimation to heat (a protec-
tive process that reduces the risk of heatstroke), 
genomic changes show a biphasic response in 
the rat hypothalamus: enhanced transcription of 
neuronal excitability-linked genes during early 
acclimation and enhanced metabolic efficiency 
when acclimatory homeostasis is achieved.71 
Whether heat-tolerant persons and heat-intoler-
ant persons have different patterns of response 
to heat acclimation is not known. The accumu-
lated data are still fragmentary, and genomic 
changes in most of the cases become apparent 
only when challenged by heat stress. Hence, fur-
ther research is needed to substantiate the mech-
anistic significance of genomic changes in pa-
tients with heatstroke.

Some clinical and experimental data support 
a probable association between exertional heat-
stroke and malignant hyperthermia.72,73 In one 
clinical study, an unexpectedly high prevalence 
of the malignant hyperthermia susceptibility 
trait (45.6%) was detected among patients with 

exertional heatstroke.74 Studies in a knockout 
mouse model identified CASQ1 as a candidate 
gene for linkage analysis between the two condi-
tions.73 However, whether patients with exertional 
heatstroke are at above-average risk for malig-
nant hyperthermia and whether susceptibility to 
that condition is a risk factor for exertional 
heatstroke are still unanswered questions.

The risk of exercise-related death among ath-
letes and military personnel with the sickle-cell 
trait is higher than the risk among their coun-
terparts who are not carriers of this trait.75 How-
ever, no evidence supports an association between 
the sickle-cell trait and exertional heatstroke.76

Conclusions

Heatstroke is a life-threatening condition if it is 
not promptly recognized and effectively treated. 
Certain simple preventive measures, such as avoid-
ing strenuous activity in hot environments and 
reducing exposure to heat stress, as well as 
changing attitudes in sports and addressing socio-
economic issues that augment risk, can reduce 
the prevalence of both classic and exertional 
heatstroke. Our understanding of the patho-
physiology of heatstroke and mechanism-based 
treatment approaches is still incomplete. Future 
research is likely to focus on three areas: identi-
fying genetic traits that might reduce a person’s 
ability to cope with heat stress, searching for 
new biomarkers that can better predict short- 
and long-term outcomes of heatstroke, and de-
veloping new adjuvant treatments that can effec-
tively control the inflammatory reaction and 
counteract multiorgan complications.
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