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Heat-related illnesses include a spectrum of disorders ranging from
heat syncope, muscle cramps, and heat exhaustion to medical emergencies such as heatstroke. The core body temperature is normally
maintained within a very narrow range. Although significant levels
of hypothermia are tolerated (Chap. 478e), multiorgan dysfunction occurs rapidly at temperatures >41°–43°C. In contrast to severe
hyperthermia, the far more common sign of fever reflects intact
thermoregulation.

PREDISPOSING FACTORS AND DIFFERENTIAL DIAGNOSIS
When there is an excessive heat load, unacclimated individuals can
develop a variety of heat-related illnesses. Heat waves exacerbate the

MINOR HEAT-EMERGENCY SYNDROMES
Heat edema is characterized by mild swelling of the hands, feet, and
ankles during the first few days of significant heat exposure. The principal mechanism involves cutaneous vasodilation and pooling of interstitial fluid in response to heat stress. Heat also increases the secretion
of antidiuretic hormone and aldosterone. Systemic causes of edema,
including cirrhosis, nephrotic syndrome, and congestive heart failure,
can usually be excluded by the history and physical examination. Heat
edema generally resolves without treatment in several days. Diuretics
are not effective and, in fact, predispose to volume depletion and the
development of more serious heat-related illnesses.
Prickly heat (miliaria rubra, lichen tropicus) is a maculopapular,
pruritic, erythematous rash that commonly occurs in clothed areas.
Blockage of the sweat pores by debris from macerated stratum corneum causes inflammation in the sweat ducts. As the ducts dilate, they
rupture and produce superficial vesicles. The predominant symptom
is pruritus. In addition to antihistamines, chlorhexidine may provide
some relief. Localized areas may benefit from 1% salicylic acid, with
caution taken to avoid salicylate intoxication. Clothing should be clean
and loose fitting, and activities or environments that induce diaphoresis should be avoided.
Heat syncope (exercise-associated collapse) can follow endurance
exercise or can occur in the elderly. Other common clinical scenarios
include prolonged standing while stationary in the heat and sudden
standing after prolonged exposure to heat. Heat stress routinely causes
relative volume depletion, decreased vasomotor tone, and peripheral
vasodilation. The cumulative effect of this decrease in venous return
is postural hypotension, especially in nonacclimated elderly individuals. Many of those affected also have comorbidities. Therefore, other
cardiovascular, neurologic, and metabolic causes of syncope should
be considered. After removal from the heat source, most patients will
recover promptly with cooling and rehydration.
Hyperventilation tetany occurs in some individuals when exposure
to heat stimulates hyperventilation, producing respiratory alkalosis,
paresthesias, and carpopedal spasm. Unlike heat cramps, heat tetany
causes very little muscle-compartment pain. Treatment includes
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THERMOREGULATION
Humans are capable of significant heat generation. Strenuous exercise
can increase heat generation twentyfold. The heat load from metabolic
heat production and environmental heat absorption is balanced by a
variety of heat dissipation mechanisms. These dissipation pathways
are orchestrated by the central thermostat, which is located in the
preoptic nucleus of the anterior hypothalamus. Efferent signals sent
via the autonomic nervous system trigger cutaneous vasodilation and
diaphoresis to facilitate heat loss.
Normally, the body dissipates heat into the environment via four
mechanisms. The evaporation of skin moisture is the single most
efficient mechanism of heat loss but becomes progressively ineffective
as the relative humidity rises to >70%. The radiation of infrared electromagnetic energy directly into the surrounding environment occurs
continuously. (Conversely, radiation is a major source of heat gain
in hot climates.) Conduction— the direct transfer of heat to a cooler
object—and convection—the loss of heat to air currents—become
ineffective when the environmental temperature exceeds the skin
temperature.
Factors that interfere with the evaporation of diaphoresis significantly increase the risk of heat illness. Examples include dripping of
sweat off the skin, constrictive or occlusive clothing, dehydration, and
excessive humidity. While air is an effective insulator, the thermal
conductivity of water is 25 times greater than that of air at the same
temperature. The wet-bulb globe temperature is a commonly used
index to assess the environmental heat load. This calculation considers
the ambient air temperature, the relative humidity, and the degree of
radiant heat.
The regulation of this heat load is complex and involves the central nervous system (CNS), thermosensors, and thermoregulatory
effectors. The central thermostat activates the effectors that produce
peripheral vasodilation and sweating. The skin surface is in effect the
radiator and the principal location of heat loss, since skin blood flow
can increase 25–30 times over the basal rate. This dramatic increase in
skin blood flow, coupled with the maintenance of peripheral vasodilation, efficiently radiates heat. At the same time, there is a compensatory vasoconstriction of the splanchnic and renal beds.
Acclimatization to heat reflects a constellation of physiologic adaptations that permit the body to lose heat more efficiently. This process
often requires one to several weeks of exposure and work in a hot
environment. During acclimatization, the thermoregulatory set point
is altered, and this alteration affects the onset, volume, and content of
diaphoresis. The threshold for the initiation of sweating is lowered,
and the amount of sweat increases, with a lowered salt concentration.
Sweating rates can be 1–2 L/h in acclimated individuals during heat
stress. Plasma volume expansion also occurs and improves cutaneous vascular flow. The heart rate lowers, with a higher stroke volume.
After the individual leaves the hot environment, improved tolerance
to heat stress dissipates rapidly, the plasma volume decreases, and
de-acclimatization occurs within weeks.

mortality rate, particularly among the elderly and poor and among
persons lacking adequate nutrition and access to air-conditioned
environments. Secondary vascular events, including cerebrovascular
accidents and myocardial infarctions, occur at least 10 times more
often in conditions of extreme heat.
Exertional heat illness continues to occur when laborers, military
personnel, or athletes exercise strenuously in the heat. A variety of
common factors predispose to heat illness. In addition to the very
young and very old, preadolescents and teenagers are at risk since they
may use poor judgment when vigorously exercising in high humidity
and heat. Other risk factors include obesity, poor conditioning and
lack of acclimatization, and mild dehydration.
Cardiovascular inefficiency is a common feature of heat illness. Any
physiologic or pharmacologic impediment to cutaneous perfusion will
impair heat loss. Many patients are unaware of the heat risk associated
with their medications. Anticholinergic agents impair sweating and
blunt the normal cardiovascular response to heat. Phenothiazines also
have anticholinergic properties that interfere with the function of the
preoptic nucleus of the anterior hypothalamus due to central depletion
of dopamine.
Calcium channel blockers, beta blockers, and various stimulants also
inhibit sweating by reducing peripheral blood flow. To maintain the
mean arterial blood pressure, increased cardiac output must be capable
of compensating for progressive dehydration. A variety of stimulants
and substances of abuse also increase muscle activity and heat production. Careful consideration of the differential diagnosis is important
in the evaluation of a patient for a potential heat-related illness. The
clinical setting may suggest other etiologies, such as malignant hyperthermia after general anesthesia or neuroleptic malignant syndrome in
a patient taking certain antipsychotic medications. A variety of infectious and endocrine disorders as well as conditions with toxicologic or
CNS etiologies may initially mimic heatstroke (Table 479e-1).

