
As the seasons change and summer approaches in the United
States, the risk of heat-related illness for pediatric patients
climbs. Since 1996, at least 150 children have died as a result of
being trapped in hot, parked vehicles.1 Contrary to what would
be expected, these deaths occurred throughout all regions of the
United States, making it impor-
tant for all emergency medicine
physicians to be familiar with
the resuscitation of a child with
a heat-related illness. (See Fig-
ure 1.) Children are particular-
ly vulnerable to heat, whether
trapped in a parked vehicle or
participating in athletic events,
and early recognition and
aggressive resuscitation can
significantly impact the child’s
outcome. This article provides
an overview of heat-related illnesses in children and prevention
and management strategies to facilitate care.

—The Editor

Scope of the Problem
Excessive heat exposure caused more than 8000 deaths in the

United States between 1979 and 1999, with fewer than half being
due to weather conditions. Of the total, 142 deaths occurred in
children younger than 4 years of age.2 In Chicago from July 11-27,

1995, 465 deaths were certified by the Cook Country Medical
Examiner’s Office as heat-related.3 A second heat wave in Chica-
go, during the summer of 1999, resulted in at least 80 deaths.4

Despite widespread media coverage of the heat waves and their
related morbidity and mortality,5,6 and despite efforts to educate the

public, children still are dying
from excessive heat exposure.
Among fatal injuries in children
younger than 14 years who were
left unattended in or around
motor vehicles, more than one-
third were the result of children
being left in motor vehicles in
hot weather.7

Although annual warnings
are issued, parents—particular-
ly young parents—fail to rec-
ognize the dangers of leaving

children unattended in parked cars. A poll by the national SAFE
Kids campaign and General Motors found that as many as 1 in 5
young parents believe it is acceptable to leave their children
alone in parked cars.

Even well-conditioned athletes are at risk. There have been
numerous reports of athletes dying from heatstroke in their
efforts to achieve superior advantage in competition.8,9 Exertional
heat stroke also has been noted in individuals exercising in a
cool-to-moderate climate.10
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Individuals most at risk for heat-related illness include the
elderly, people with mental illness and chronic diseases, and
alcoholics.10 Additionally, certain medications also will con-
tribute to the risk of developing heat-related illness.12

Mechanisms of Thermoregulation and Heat Loss
Core body temperature is in a constant state of equilibrium

between heat production and heat dispersion. Our body tempera-
tures are closely regulated to cycle through a diurnal rhythm, start-
ing at about 36°C in the early morning and increasing throughout
the day to reach about 37.5°C by the late afternoon.13 Heat is pro-
duced as an end product of energy metabolism, especially from
active muscle.14 In addition, heat is gained from the environment
when the ambient temperature exceeds the body temperature.15

Loss of body heat occurs in one of four ways—convection,
conduction, radiation, and evaporation.16,17

Convection allows heat to be transferred from a surface to a
gas or fluid via the circulating air or water molecules. The
overall effectiveness of heat loss by this method is dependent
on how rapidly the air or water near the body exchanges after
it has become warmed. 

Conduction is the direct transfer of heat between surfaces,
either through a liquid, solid, or gas. The rate of body heat loss
is dependent on the temperature gradient created between the
skin and the surrounding contacted surfaces. 

Radiation is the transfer of heat between objects via elec-
tromagnetic waves. Since our bodies usually are warmer than
the surrounding environment, radiant heat energy is lost from
our bodies through the air to the solid, cooler objects nearby.
Radiation is responsible for up to 65% of heat loss when rest-
ing in a temperate climate, but also is a major cause of heat
gain when an individual lies directly in the hot sun.

Evaporation is the major physiologic mechanism used to
prevent overheating. Water, vaporized from the lungs and skin,
transfers the heat to the environment. The body loses 580 kcal
of heat energy from every liter of water evaporated.

Physiology
The preoptic nucleus of the anterior hypothalamus regulates

body temperature through a series of complex mechanisms.13,16

These mechanisms do not allow the heat to be turned down or
turned off, as with a thermostat, but instead are activated to
defend against heat loss or heat gain. The free nerve ending
thermal receptors in the skin quickly sense changes in tempera-
ture and send this information to the hypothalamus. The tem-
perature of the blood circulating through the anterior hypothal-
amus is the direct way by which the thermoregulatory center is
stimulated.14 When the core body temperature increases, the
thermoregulatory center, via the autonomic nervous system,
generates cutaneous vasodilation, causing heat dissipation
through convection. There also is an increase in the amount and
rate of sweating, resulting in heat loss as the water evaporates
from the skin surface.13,14

The thermal control center continuously compensates for any
increases in heat production to regulate the core body tempera-
ture.15 Hyperthermia is a rise in body temperature when heat pro-
duction exceeds heat loss. This is in contrast to fever, which is a
rise in the core body temperature in response to an increase in
the hypothalamic set point from circulating pyrogenic cytokines.
Hyperthermia occurs when there is a failure of the normal ther-
moregulatory system due to extreme heat production (e.g., exer-
tional heat stroke, thyrotoxicosis, or malignant hyperthermia),
extremes in the environmental heat (as in a heat wave), or
impaired heat loss (e.g., classic heat stroke, dehydration, or
clothing). Hyperthermia also will occur when there is loss of full
hypothalamic function, as seen in individuals with a history of
severe head injury or cerebrovascular accidents.13,15
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Heat Gain from the Environment
High Ambient Temperatures. The effec-

tiveness of heat dissipation by conduction, con-
vection, and radiation is reduced greatly as the
ambient temperature increases. Heat is gained
when the ambient temperature begins to exceed
the body temperature. At this point, water evap-
oration from the lungs and sweat evaporation
become the only avenues for heat loss.14

High Humidity. Sweating is initiated as
the core body temperature rises. The amount
of sweat evaporated depends on the ambient
temperature and relative humidity, as well as
the amount of skin exposed and the air cur-
rents surrounding the body.14 Under conditions
of low humidity, 1.7 mL of sweat will expend
1 kcal of heat energy during evaporation.16 In
conditions of high humidity, sweat evapora-
tion is reduced drastically. Water is lost as
sweat beads leave the skin surfaces (either by
rolling off or being wiped off), but heat is not
lost. This process eventually leads to dehydra-
tion and hyperthermia.14

Heat Waves. There are numerous case reports of increased
morbidity and mortality during heat waves (defined as three or
more consecutive days of air temperatures of 90°F or 32.2°C or
greater).2,3,18-20 In these reports several risk factors are described.
These include advanced age, mental illness, chronic condi-
tions (e.g., cardiovascular or respiratory diseases), alcoholism,
and the use of certain medications (i.e., neuroleptic agents).
During the 1995 heat wave in Chicago, those at greatest risk
of dying were individuals living in social isolation and those
with a lack of access to air conditioning.4 The most common
cause of death in children left unattended in and around motor
vehicles was excessive heat exposure, as reported by the Cen-
ters for Disease Control and Prevention.7

Increased Heat Production
Exercise. Metabolic rate can increase 20-25 times above

the resting level during periods of continual vigorous exercise.
In theory, this would cause the core body temperature to rise
1°C every 5-7 minutes.14 In response, vasodilation, tachycar-
dia, and increased cardiac output allow for the warm blood to
be shunted to the skin surface, where the heat is lost.17 

The water and electrolyte content in sweat will change as
an individual exercises. Exercising in hot weather will cause
release of aldosterone, increasing reabsorption of sodium from
the renal tubules with a reduction in sweat osmolality. Release
of vasopressin from the pituitary gland during heat stress will
increase water reabsorption from the tubules, as well.13

Medications. Certain classes of medication can increase
heat production. These include some neuroleptic agents and
certain anesthetic agents.12,15 Drugs of abuse, such as hallu-

cinogens (phencyclidine hydrochloride-PCP and lysergic acid
diethylamide-LSD) and stimulants (amphetamines and
cocaine), increase the metabolic state leading to tachycardia,
hypertension, agitation, and increased muscle activity.

Factors Influencing Heat Loss
Body Fat. Excess body fat has a negative effect on heat

loss by several mechanisms. Fat, acting as an insulator,
impedes heat conduction. There also are increased metabolic
demands that accompany excess body fat. Death from heat-
stroke occurs 3.5 times more often in obese individuals than in
those with normal body mass.14

Dehydration. Dehydration, regardless of the etiology, will
cause a reduction in the plasma volume. With progressive loss-
es, there will be a reduction of cardiac output, leading to an
increase in the systemic vascular resistance. Blood flow to the
skin is thereby reduced, decreasing the amount of warm blood
normally shunted to the skin surfaces. The rate of sweating
also decreases in the dehydrated state.14,23

Age. Both extremes of the age spectrum are at risk for heat-
related illness. The elderly are more likely to have chronic
medical conditions, such as cardiovascular disease and dia-
betes, which can impair their response to heat stress. Persons
chronically bedridden also are at risk.

Children have a greater risk of heat-related illness for both
physiological and psychosocial reasons. The younger child has
a greater surface area-to-body mass ratio, leading to greater
heat gain on hot days (as well as greater heat loss on cold
days). During exercise, as well as with walking at a steady
pace, a child produces more metabolic heat per mass unit than
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Figure 1. Child Heatstroke Deaths (in Vehicle Passenger 
Compartments), by State

At least 150 deaths in
the United States,
1996-2001

Adapted with permission from National SAFE KIDS Campaign/General Motors. Never Leave
Your Child Alone. National SAFE KIDS Campaign, Washington, DC; 2002. Available at
www.safekids.org. (Accessed 4/09/2003.)



an adult does. Additionally, children do not sweat as effective-
ly as adults under the same climatic conditions.21 They have an
immature sweating mechanism and fewer sweat glands.24

There also are differences in the sweat composition between
children and adults, with a higher concentration of sodium and
chloride in the sweat produced by children.21 These differ-
ences probably last through puberty or later.14,22 It is obvious
that young children are unable to control their environment
and sometimes are left in compromising situations that can
lead to heatstroke.7,18,20 Children often do not drink enough
during exercising to compensate for fluid losses, leading to
dehydration and increased body temperature, thereby increas-
ing the risk of heat-related illness.21 It has been shown that
individuals often do not voluntarily drink enough fluid to
replace their losses (voluntary dehydration) when working in
the heat.15 Children voluntarily would replace only 50% of
their fluid deficit if not forced to increase their fluid intake.25

Overall, thirst is a poor gauge of hydration status.
Medications. Use of certain medications will contribute to

the risk of heat-related illness. Drugs with anticholinergic
properties, such as antihistamines, atropine, neuroleptic
agents, antispasmodics, tricyclic antidepressants, and those
used in the treatment of Parkinson’s disease, can inhibit sweat-
ing and induce tachycardia, thereby reducing heat elimination
and increasing heat production, respectively.15,16,26

Sympathomimetics drugs, such as amphetamines, cocaine,
and ephedrine/pseudoephrine (found in decongestants) will
increase the core body temperature either by peripheral vaso-
constriction, thus restricting heat loss or increasing heat pro-
duction due to amplified muscle activity from agitation and/or
seizure activity.26

Beta-blockers and diuretics inhibit the normal cardiovascu-
lar response to heat stress. These medications, usually taken
by the elderly for cardiovascular disease, add to risk of heat
illness in this population.15 Some athletes induce weight loss
by abusing diuretics and laxatives to reach a certain weight
class, hoping to gain a competitive advantage.14

Acclimatization. Acclimatization is the physiologic adapta-
tion that occurs when a normal person works or exercises
repeatedly in a hot environment, thus allowing a person to toler-
ate a greater level of heat stress. Most adults can achieve this
adaptation within 7- 10 days.15,17 The rate of acclimatization is
slower in children and may require up to two weeks.24,27 The
American Academy of Pediatrics recommends acclimatization
be facilitated through 8-10 sessions of 30-45 minutes in the new
environment.21

The physiologic changes that occur during acclimatization
are as follows:14,17

• There is a more effective and efficient cardiac output with
more even distribution of the circulation to the skin and mus-
cles. Blood pressure is maintained more evenly during exer-
cise and greater quantities of blood are shunted to the skin sur-
face. Plasma volume is increased; and

• There is increased sweating capacity and concomitant
production of more dilute sweat due to the activation of the
renin-angiotension-aldosterone system. The sodium concen-
tration in the sweat can be reduced up to 50%.23 Threshold for
sweating is lowered, and the sweat is distributed more evenly
on the skin surface, thus maximizing evaporative heat loss.

Children, with their smaller respiratory and circulatory sys-
tems, are less efficient in the process of acclimatization.25

Clothing. Clothing is a barrier to heat loss. Dry clothing
will reduce heat exchange more than wet clothing. Dark-col-
ored clothing will increase the amount of heat gained by radia-
tion; light-colored clothing tends to reflect heat rays. Loosely
fitted clothing allows for convection air currents to pass
between the skin and the environment.14

Pre-existing Medical Conditions. Several conditions
increase the risk of heat-related illness. Patients with cystic
fibrosis will underestimate their fluid needs during exer-
cise.28,29 Children with concurrent febrile or gastrointestinal ill-
nesses, diabetes mellitus, and diabetes insipidus are prone to
excessive fluid losses. Very young children and those with
mental retardation may not understand the necessity of drink-
ing more fluids during heat exposure.21

Minor Heat-Related Illnesses
Heat Rash (Prickly Heat, Miliaria Rubra). During

sweating, sweat ducts become obstructed with macerated cel-
lular material as the sweat duct ruptures. An acute inflamma-
tory response results in pruritic, 2-4 mm papules and
papulovesicles with surrounding erythema. Rupture of an
obstructed duct produces a vesicle deeper within the dermis
and usually is not pruritic. This profunda stage may persist for
weeks. Secondary infection with Staphylococcus aureus pro-
duces pustules. Flexural regions, especially in infants during
hot, humid weather or in areas of occlusive dressing, are most
frequently affected.30,31

Treatment consists of allowing the affected surface to
become cool and dry and to minimize further sweating in that
area. Some authors recommend the use of chlorhexidine lotion
or cream, either with or without concomitant usage of 1% top-
ical salicylic acid. Antibiotics are used if there is concern of a
secondary bacterial infection.15,30 Talcum baby powder should
be avoided. 

Heat Edema. Heat edema is swelling in the dependent
areas of nonacclimatized individuals, especially the elderly.
Heat stress causes peripheral vasodilation and orthostatic pool-
ing of the blood, resulting in increased interstitial fluid from
the increased hydrostatic pressure. This entity usually is self-
limited without systemic involvement and resolves in a few
days, after acclimatization. Elevation of the legs may help.12,15,30

Heat Cramps. Heat cramps are painful, involuntary muscle
spasms, usually occurring in large muscle groups (i.e., arms,
legs, or abdomen) fatigued by intense physical activity. This
usually is seen in athletes, coal miners, construction workers,
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and roofers following strenuous physical activity.12,16,30 The
cramps are thought to be due to a sodium deficit following the
use of large amounts of hypotonic fluids to replace fluids lost
from copious sweating. Hyponatremia and hypochloremia
commonly are seen.15 There is a lack of systemic symptoms,
and the body temperature may or may not increase.14,30

Mild cases are treated with oral replacement of sodium
using either a commercially produced electrolyte solution or 1
teaspoon of table salt mixed in 500 cc of water. Intravenous
normal saline is used in more severe cases.12,15

Heat Tetany. Heat tetany occasionally is confused with
heat cramps. Heat tetany is characterized by the presence of
carpopedal spasms with paresthesias in the perioral region and
distal extremities.15,30 

Heat Syncope. Heat syncope is seen in individuals who
either have been standing for a prolonged period of time or
rise suddenly from a sitting or recumbent position in a hot
environment. Cerebral blood flow is reduced as a result of
reduced venous return and cardiac output from peripheral
blood pooling. Orthostatic hypotension also is seen.

Recovery occurs once the individual is supine. Treatment
consists of replacing any fluid deficit. Heat syncope can be
prevented by avoiding protracted periods of standing in hot
weather and flexing the leg often to help increase venous
return. Individuals also should sit or lie down at the first signs
of weakness, dizziness, or lightheadedness.12,15,30

Heat Exhaustion. Heat exhaustion or heat prostration is a
result of volume depletion, as much as 6-10%,10 during heat
stress. Signs and symptoms are listed in Table 1.

Heat exhaustion and heat stroke are part of the continuum in
the spectrum of heat-related illness and have overlapping symp-
tomatology. In heat exhaustion, there is a lack of major central
nervous system (CNS) decompensation (e.g., coma or seizures),
and usually an absence of severe hyperthermia (greater than 40-
40.5°C), differentiating it from heat stroke. Measurement of
hepatic transaminases may be useful if there still is uncertainty;
there is elevation to the several thousands in heat exhaustion.
Elevation to the tens of thousands occurs in heat stroke patients
after 24 hours.15,30 Although core body temperatures are usually
above 38°C, expeditious treatment of heat exhaustion has no
known harmful, chronic, or long-term side effects.10

Heat exhaustion usually is described as either water depletion
or salt depletion; typically there is overlap between the two.32

Water depletion heat exhaustion is a result of inadequate fluid
replacement when exposed to heat stress. This tends to occur in
the elderly, with their predisposing conditions (i.e., cardiovascu-
lar disease), and in individuals without free access to water (e.g.,
infants). This condition is also more likely to affect laborers and
military personnel. Voluntary dehydration is seen in individuals
working in the heat and is a contributing factor. Untreated water
depletion heat exhaustion may progress to heat stroke.12,15,16,30

Salt depletion heat exhaustion occurs in persons who main-
tain their volume status with water but do not replace their

sodium losses adequately. Laboratory studies show hypona-
tremia, hypochloremia, and low urinary sodium and chloride
concentrations in these individuals.30

Victims of heat exhaustion recovery quickly following fluid
administration. Persons with normal vital signs and who are
not vomiting can be treated with oral fluid and salt replace-
ment, with recovery in a cool location.12,30

More serious cases require treatment with intravenous flu-
ids. The type of fluid used is based on the estimated amount of
dehydration and electrolyte status. Normal saline should be
used if hypotension is present. If the patient has hypernatrem-
ia, hydration must be accomplished slowly to prevent cerebral
edema.15,16 

Major Heat-Related Illness
Heat Stroke. Definition. Heat stroke is the most severe

heat-related illness, characterized by an elevation of the core
body temperature above 40-40.5°C (rectal), coupled with mul-
tisystem organ and tissue damage, particularly CNS dysfunc-
tion.12,13,16,17,30,33 Acute neurological impairment may include
stupor, delirium, confusion, coma, psychotic behavior, and
seizures. Hypotension, tachycardia, and tachypnea can be seen
initially. Untreated heat stroke progresses to hepatic, renal,
cardiac, and pulmonary end-organ damage. Even with aggres-
sive management, mortality of heat stoke victims may be as
high as 10%.13,16

Pathophysiology. Research has shown that heat stroke is the
end result of an exaggerated acute phase response to heat stress
in the setting of thermoregulatory collapse. There is a complex
interaction between circulating cytokines, cytokine receptors,
and chemokines during heat stress. Heat stroke most likely is
due to endothelial cell activation/injury, with release of endothe-
lial vasoactive factors.17,25,34-36 Heat-shock proteins are produced
by cells in response to a heat stress, allowing transient tolerance
to this situation. Animal studies show that upregulation of these
proteins, in particular heat shock protein 70, protects against
end-organ injury.37 Antibodies to this protein were more fre-
quently found in patients with severe heatstroke.38

Types of Heat Stroke. The traditional dogma is that persons
with heat stroke will present with hyperthermia, significant
CNS dysfunction, and hot, dry skin with a lack of sweating.
This is not always the case, and these criteria should not used
to either rule in or rule out the diagnosis. There have been
cases of heat stroke in which sweating was present and rectal
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• Nausea • Vomiting • Sweating (profuse)

• Weakness • Headache • Chills

• Dizziness • Syncope • Hypotension

• Tachycardia • Oliguria • Heat cramps

• Confusion • Irritability

Table 1. Signs and Symptoms of Heat 
Exhaustion11,15,31



temperatures of 41.5-42.4°C were noted.30 Heat stroke usually
is subdivided into either classic or exertional heat stroke,
based on differing presentations and sequelae. (See Table 2.)

Classic heat stroke usually occurs during the summer
months, especially during two- to four-day periods of pro-
longed high ambient temperatures and humidity.39 It primarily
affects the elderly and those with chronic and/or debilitating
diseases. Using certain types of medications, as discussed pre-
viously, also adds to the risk. Other high-risk individuals are
the poor, those living in inadequately ventilated housing, and
those with lack of free access to water. The onset is slow and
insidious, allowing time for fluid and electrolyte abnormalities
to occur. It is noted that sweating is totally absent in most vic-
tims of classic heat stroke.15,30

Victims of exertional heat stroke tend to be younger and
healthy. They often are athletes, military personnel, or laborers
exposed to heat stress. These individuals may be wearing
heavy clothing, be dehydrated prior to their exposure to the
heat, engaged in strenuous exercise, and/or have a lack of heat
acclimatization.10,13,15 In general, these individuals have more
rapid elevation of the core body temperature.39

Clinical Manifestations of Heat Stroke
Cardiovascular. Sinus tachycardia commonly is noted in

both types of heat stroke, and is caused by peripheral vasodila-
tion and compounded by hypovolemia. A high pulse pressure
also is noted. Hypotension is seen as a late finding, as high
output failure occurs in those in a hyperdynamic state. Patients
also may present in a hypodynamic state; this is dependent on
the individual’s volume status and the amount of cardiovascu-
lar injury from the heat. There is evidence of myocardial
infarction in some patients. Findings reported at autopsy
include right heart dilatation, edema, necrotic myocardial
fibers, and pericardial effusion.13,15,30 

Central Nervous System. CNS dysfunction
with altered sensorium is a hallmark of heat
stroke. Initially patients may be confused or irri-
table, but with continued heat exposure, stupor,
coma, and delirium may be seen. Patients also
may present with muscle rigidity or tremors.
Seizures can be seen as the patients are cooled
rapidly in ice water immersion. Common cere-
bellar findings include ataxia and dysarthria.
There is clear cerebrospinal fluid with normal
pressures if a lumbar puncture is performed.
Occasionally, the fluid will show a pleiocytosis
and some protein level elevation.5,15,30,39

Hematologic. Physical manifestations of
abnormal hemostasis include ecchymosis, purpu-
ra, conjunctival hemorrhages, hemoptysis, mele-
na, hematuria, and myocardial and CNS hemor-
rhage.12,15 Initial coagulation abnormalities can
progress to disseminated intravascular coagulation

(DIC), with low platelet, Factor V, and Factor VIII levels.
Although coagulopathies may be present initially, they are more
common on the second or third day. The white blood cell count
can be elevated to as much as 30,000-40,000/mL. The pathogene-
sis of the coagulopathy is multifactorial and includes hepatic dam-
age, activation of clotting factors, and endothelial damage. Pres-
ence of coagulation abnormalities indicates a poor prognosis.30

Hepatic. Hepatic injury is one of the most consistent findings
in heat stroke. There is marked elevation of the serum transami-
nases, with jaundice noted 24-72 hours later. Hypoglycemia is
common in patients with exertional heat stroke. Survivors usual-
ly do not have permanent hepatic impairment.15,30

Renal. Acute renal failure can be seen in 25-30% of exer-
tional heat stroke victims and in 5% of classic heat stroke
patients. DIC, hypotension, and myoglobinuria may precipi-
tate acute tubular necrosis. Urinalysis can show proteinuria,
granular, and red blood cell casts. Kidneys studied at autopsy
show numerous petechial hemorrhages.15,30

Electrolytes and Acid-Base Status. Hypernatremia is seen
in patients who are dehydrated whereas hyponatremia is seen in
patients who have had excessive sodium losses in sweat or have
used hypotonic solutions to replenish their fluid losses. Hypo-
kalemia is common and is associate with a total body potassium
deficit. Hypocalcemia, hypophosphatemia, and hypomagne-
semia also can be found. Initially, respiratory alkalosis is seen
due to hyperventilation. Later findings in exertional heat stroke
patients include increasing levels of lactic acid, resulting in
severe metabolic acidosis, and hyperkalemia.13,15,16,25

Musculoskeletal. Rhabdomyolysis develops as a conse-
quence of rigid and contracted muscles. There is elevation of
the muscle enzymes (CPK) and myoglobinuria is present.13,15

Pulmonary. Most patients will present with hyperventila-
tion. The degree of hyperventilation can be severe enough to
result in tetany. Pulmonary edema becomes evident as circula-
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EXERTIONAL CLASSIC

Occurrence Sporadic Following heat waves

Age Young Older

General health Healthy Predisposing illnesses/
medication use

Lifestyle Active Sedentary

Sweating Usually present Usually absent

Coagulation status DIC Mild coagulopathy

Acute renal failure Present Uncommon

Rhabdomyolysis Present Uncommon

Hypokalemia Present Uncommon

Acid-base status Respiratory alkalosis Respiratory alkalosis

Lactic acidosis Present Uncommon

Key: DIC—disseminated intravascular coagulation

Table 2. Exertional vs. Classic Heat Stroke11,15,29



tory failure progresses, due to cardiac dysfunction and DIC.
Noncardiogenic pulmonary edema with DIC is severe and car-
ries a high mortality. Hemoptysis and pulmonary infarct also
can be seen.15,33,40 Adult respiratory distress syndrome (ARDS)
also is a complication of heat stroke and can be seen in up to
25% of patients. Recent findings suggest that ARDS may be
due to DIC with the ensuing activation of complement, and
not necessarily due to the aspiration of gastrointestinal con-
tents, as previously was thought.27,33,41 

Treatment of Heat Stroke
Early recognition of heat stroke reduces morbidity and

mortality.15 The mainstay of treatment is the reduction of the
core body temperature. Following assessment of airway com-
petency competency and effectiveness of breathing, the patient
should be moved to a cool, shady area until transportation to a
hospital arrives. The clothing should be removed and ice packs
or a cooling blanket should be applied to the axillae, groin,
and neck regions. If possible, cover the patient with water.
Fanning will cause evaporative heat loss. Obtain intravenous
access and begin rehydration if circumstances allow.

Upon the patient’s arrival to the ED, the airway status
should be reassessed and supplemental oxygen administered.
In patients with severe altered mental status, elective intubation
with mechanical ventilatory support needs to be considered
early to protect against aspiration and to support the increased
oxygen needs in this hypermetabolic state. Intravenous access
is essential. Blood chemistries and other laboratories should be
obtained. Continuous cardiovascular monitoring is also crucial.
Rectal temperature should be measured with a thermometer
able to record temperatures above 41°C. It should be noted that
the initial temperature reading in the ED may not be reflective
of the peak body temperature, as cooling may have begun prior
to arrival.10,39,42

Cooling methods should be used only until the patient’s core
body temperature is 39°C, to avoid hypothermia. Continuous
monitoring of the vital signs are essential during this process.
Shivering may occur during this stage and should be aggressive-
ly treated to avert the increased heat production and oxygen con-
sumption caused by shivering. Diazepam (0.1-0.3 mg/kg/dose
IV) can be used to inhibit shivering. Chlopromazine also has
been used.12,15,25,42

Several methods have been used to rapidly cool the patient.
External methods of cooling include evaporative cooling
methods and ice water immersion. Although ice water immer-
sion is effective and has been shown to decrease the core body
temperature by 0.13°C/min, this technique is cumbersome and
makes monitoring of the patient’s vital signs and core body
temperature difficult. Ice water immersion can cause peripher-
al vasoconstriction, resulting in shunting of blood away from
the skin, and can induce shivering. This approach no longer is
the preferred method for cooling by some authors. Cold water
immersion results in similar rate of cooling, but has been
found to have fewer disadvantages than ice water immersion.
In both cases, efficient monitoring and resuscitation of the
patient may be challenging.15,43 Several evaporative cooling
methods have been developed. Cool or room temperature
water is sprayed over the patient, with simultaneous fanning of
the patient. Others have placed a patient on a suspended, net-
ted surface, allowing for atomized water (15°C) to be sprayed
from above and below the patient. Air warmed to 45-48°C
then is blown over the patient.15,16,42

Internal cooling methods include cold-water irrigation of
the stomach, rectum, and peritoneal cavity, as well as car-
diopulmonary bypass. These methods should be considered
when external cooling measures have been ineffective.12

Sponge bathing with alcohol should be avoided. Large
amounts of absorbed alcohol will result in alcohol toxicity. There
is no role for the use of antipyretics in the treatment of heat
stroke. Any coagulopathy can be made worse with the use of
nonsteroidal anti-inflammatory drugs, and acetaminophen may
potentiate liver dysfunction.15,30,42 Presently, there is no role for
the use of steroids in the management of heat stroke patients.15,30

Meticulous supportive care with stabilization of the basic
ABCs (airway, breathing, and circulation) is critical. Careful
hemodynamic monitoring is essential during fluid resuscitation
so as to avoid cerebral and pulmonary edema. Electrolytes
should be corrected as needed and inotropic medications may be
indicated after intravascular volume has been replaced adequate-
ly. A minimum urine output of 0.5 mL/kg/hr should be achieved.
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Figure 2. Vehicle Heat-Related Deaths Among
Children

Between 1996 and 2001, at least
150 children died of heatstroke in
the passenger compartments of
parked vehicles in the United
States. Children age 3 years and
younger accounted for more than
90% of the deaths.
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Adapted with permission from National SAFE KIDS Campaign/General
Motors. Never Leave Your Child Alone. National SAFE KIDS Campaign,
Washington, DC; 2002. Available at www.safekids.org. (Accessed
4/09/2003.)

• Delay in rapid cooling • Prolonged coma
• Elevation of AST > 1000 IU/L • Hypotension
• Disseminated intravascular • Renal failure in fewer than 

coagulation 48 hours

Table 3. Indicators of Poor Prognosis in Heat
Stroke11,38,40,41,43
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Fresh frozen plasma and platelets transfusions may be indicated,
depending on the amount of coagulopathy present.13,15,42

Prognosis. The prognosis of a heat stroke patient is depend-
ent on several variables, including the patient’s general state of
health and the ability to maintain sufficient cardiac output as
the circulatory and metabolic needs increase.42 (See Table 3.)
One study found that a delay in diagnosis and cooling wors-
ened the patient’s prognosis, even if the initial laboratory stud-
ies were normal. Rapid cooling within one hour results in a
better prognosis, and decreasing the body temperature to less
than 38.9°C within 30 minutes improved the overall survival
rate.44 Other indicators of poor outcome include coma that per-
sists after cooling, and elevation of aspartate aminotransferase
(AST) to greater than 1000 IU/L.

Prevention
Heat Index. Prevention of heat-related illness requires the

recognition of the high-risk situations with respect to the envi-
ronment. The National Weather Service provides information
on the heat index, a measurement of how hot it feels when the
relative humidity and effects of the air temperature are com-
bined. A heat index between 105-129°F makes heat cramps
and heat exhaustion likely, and heat stroke possible. A heat
index of 130°F or higher increases the likelihood of heat
stroke. During high-risk conditions, the elderly, chronically
confined, and those talking certain medications need to avoid
the heat and maintain a good hydration state.33 Individuals
should wear light-colored, loose-fitting clothing when going

outdoors. Staying indoors
in an air-conditioned envi-
ronment is the best pre-
ventative measure. 

Wet Bulb-Globe Tem-
perature. The United
States military developed
the wet bulb-globe temper-
ature (WB-GT) using the
measurements of the ambi-
ent temperature, relative
humidity, and radiant heat
in the following formula:14

WB-GT = 0.1(DBT) +
0.7(WBT) + 0.2(GT)

DBT (dry bulb tempera-
ture) is the dry-bulb tem-
perature, or air temperature
measured in the shade by a
mercury thermometer.
WBT (wet bulb tempera-
ture) is the temperature
measured by a mercury
thermometer with a sur-
rounding wet wick exposed

to air movements in the direct sunlight. The device notes the rel-
ative humidity. GT (globe temperature) is measured by a ther-
mometer with a black metal sphere surrounding the bulb in
direct sunlight. The black sphere absorbs radiant energy.

The wet-bulb temperature, which factors in the amount
humidity, is 70% of the index. See Table 4 for the American
College of Sports Medicine’s recommendations for WB-GT
during continuous activities such as running and cycling.10,14

The American Academy of Pediatrics recommends reduction
of intense activities lasting 15 minutes or more if the relative
humidity, solar radiation, and air temperature are above critical
levels, as measured by the WB-GT. The AAP recommends can-
celing all athletic events if the WB-GT is greater than 29°C.21

Acclimatization. The acclimatization process should be
gradual. Generally, young children will take longer to com-
plete this process than adolescents, adults, or well-condi-
tioned athletes. Acclimatization may take up two weeks, as
previously discussed.24,25,27 Adults in general require 4-7 ses-
sions of 1-4 hours in the heat to acclimate. This process can
be facilitated by the continual replacement of wet clothing
with dry clothing.

Hydration. Adequate hydration is of paramount impor-
tance. It is recommended that children weighing up to 40 kg
should ingest 150 mL (5 ounces) and adolescents weighing up
to 60 kg should drink 250 mL (9 ounces) of either cold tap
water or a flavored salt beverage every 20 minutes while exer-
cising.21 This requirement should be enforced even if the child
is not thirsty, as thirst is not a good indicator of hydration sta-
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Figure 3. Rate of Air Temperature Increase in Vehicle Passenger 
Compartment
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tus. For older individuals it is recommended that up to 448 mL
(16 ounces) of fluid be drunk before exercising, and another
224 mL (8 ounces) be taken every 20 minutes while exercis-
ing. A flavored carbohydrate-electrolyte solution elicited the
largest volume of voluntary total consumption when compared
to flavored drink or plain water.14 The goal is to avoid feeling
thirsty during heat stress.

Entrapment in Cars
Despite annual warnings by both General Motors and

SAFE Kids, many children—about 30 in 2001—die from
hyperthermia secondary to prolonged exposure to heat in
unattended cars. Between 1996 and 2001, the majority of
deaths (90%) occurred in children younger than 3 years of
age. (See Figure 2.) The deaths are distributed throughout the
United States, with a broad regional distribution. (See Figure
1.) Many parents fail to recognize the danger of leaving a
child unattended in a parked car. One survey conducted by
General Motors and the national SAFE Kids Campaign found
that although more adults are aware of the potential danger
associated with leaving a child unattended in a parked car,
one in five young parents still finds it an acceptable behavior.
Also, parents fail to recognize the danger of leaving an
unlocked vehicle in direct sunlight, where a child might inad-
vertently trap himself. Currently, one in five parents never
locks his or her vehicle, results similar to those from a survey
conducted in 1999. Parents and physicians frequently are
unaware of the rate of air temperature increase in the passen-
ger compartment of a car. (See Figure 3.) For example, a car
left outside in 85°F temperature will reach an interior temper-
ature of almost 120°F within 30 minutes. Even in relatively
mild temperatures, a closed vehicle can pose serious risk to a
child left strapped in a car seat in an unattended car. As previ-
ously mentioned, children younger than 3 years of age are
particularly vulnerable to heat-related injury and subsequent-
ly have the highest rates of heat-related illness. Infants may
be particularly vulnerable when positioned in a car seat (with
cushioned seats) and fully clothed, which decreases their
evaporative surfaces. 

Two common myths propagated are that light-colored cars
repel heat and that allowing the windows to remain partially

open will reverse the effects of the heat. A study conducted in
1995 evaluated the temperature rise inside an enclosed, dark-
colored vehicle and compared it to the rate of temperature
rise in a light-colored vehicle. Although the temperature rise
in this study was more severe in the dark-colored vehicle, the
temperature in both vehicles exceeded 125°F within 20 min-
utes (outdoor temperature was 93°F).45 As several studies
(including this one) demonstrate, opening the windows a little
also is an ineffectual strategy to keep the interior environment
of the car at an acceptable level.46

Although the auto industry is continuing to design and
develop technology that may reduce the risk to a child left
unattended in a closed vehicle, the important message to par-
ents is that children should never be left unattended in a vehi-
cle. In addition, parents should be reminded that unlocked
vehicles may pose a risk to children who unsuspectingly may
trap themselves within the car and have no means of escape.

Summary
The scope of heat-related illness is wide ranging from rela-

tively minor problems to heat stoke, associated with major
morbidity and mortality. Early recognition of heat exhaustion
with appropriate treatment will avoid progression to heat
stroke. Heat stroke is a life-threatening emergency and aggres-
sive measures are needed to reduce morbidity and mortality.

Since the start of the 20th century, there has been a rise in
the global mean temperature of about 0.6°C.46 There are con-
cerns that this trend will continue. There is a need to develop
warning systems, allowing our public health agencies to
advise the public on imminent heat waves.47 Physicians,
coaches, and athletes need to use guidelines outlined for exer-
cising and training in the heat. Prevention and education
remain the keys to combating heat-related illness.
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Physician CME Questions

41. The major physiologic mechanism to prevent overheating is:

A. evaporation.

B. convection.

C. conduction.

D. radiation.

42. Which of the following has a negative effect on heat loss?

A. Acclimatization

B. Loosely fitted clothing

C. Staying well-hydrated

D. Obesity

43. Children can achieve acclimatization of heat stress environment in:

A. a few hours.

B. a few days.

C. one week.

D. two weeks.

44. Which of the following symptoms helps to differentiate heat exhaus-

tion from heat stroke?

A. Lack of sweating

B. Coma

C. Hypotension

D. Oliguria

45. Which one of the following has an unfavorable prognosis in heat

stroke patients? 

A. Rapid cooling within one hour

B. Abnormal initial laboratory studies

C. Prolonged coma

D. Rhabdomyolysis

46. Which of the following is useful in decreasing the body temperature

rapidly in heat stroke patients?

A. Acetaminophen

B. Alcohol sponge bathing

C. Cold water immersion

D. Steroids

47. The components in the calculation of the wet bulb-globe temperature

include:

A. ambient temperature.

B. relative humidity.

C. radiant heat.

D. All of the above

48. How much fluid does the American Academy of Pediatrics recom-

mend a child weighing fewer than 40 kgs drink every 20 minutes

to avoid heat-related illness?

A. 100 mL

B. 150 mL

C. 200 mL

D. 250 mL

E. 300 mL
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CME Instructions

Physicians participate in this continuing medical education program by 
reading the article, using the provided references for further research, and
studying the questions at the end of the article. Participants should select
what they believe to be the correct answers, then refer to the list of correct
answers to test their knowledge. 

To clarify confusion surrounding any questions answered incorrectly,
please consult the source material. After completing this activity, you
must complete the evaluation form that will be provided at the end of
the semester and return it in the reply envelope provided to receive a
certificate of completion. When your evaluation is received, a certificate
will be mailed to you.

CME Objectives
The CME objectives for Pediatric Emergency Medicine 

Reports are to help physicians:
a.) Quickly recognize or increase index of suspicion for specif-

ic conditions;
b.) Understand the epidemiology, etiology, pathophysiology,

historical and physical examination findings associated with 
the entity discussed;

c.) Be educated about how to correctly formulate a differential 
diagnosis and perform necessary diagnostic tests;

d.) Apply state-of-the-art therapeutic techniques (including the 
implications of pharmacologic therapy discussed) to patients 
with the particular medical problems discussed;

e.) Provide patients with any necessary discharge instructions.



49. Which of the following does not place an individual at higher risk for

heat-related illness during a heat wave?

A. Young age

B. Obesity

C. Use of neuroleptic agents

D. Prior acclimatization

E. Use of antihistamines

50. Which of the following statements is true regarding heat cramps?

A. Hypernatremia commonly is seen in patients with heat cramps.

B. Heat cramps usually are seen in infants.

C. Central nervous system symptoms are common in patients with

heat cramps.

D. Therapy for heat cramps focuses on the use of steroids.

E. Hyponatremia and hypochloremia commonly are seen in

patients with heat cramps.

Answer Key:

SARS Audio Conference
What U.S. Hospitals can Learn from Canada 

Hospital clinicians in the United States are watching with
grave concern as severe acute respiratory syndrome (SARS)—a
rapidly emerging infection with unclear treatment options—
strikes the health care system of their Canadian colleagues. Par-
ticularly beset is the city of Toronto, where nosocomial spread
from unsuspected hospital patients set off an epidemic that has
resulted in the quarantine of 9000 people.

With sporadic but increasing SARS cases appearing in the
United States, the lessons learned in Toronto can provide critical
guidance for U.S. clinicians. To prepare yourself and your facili-
ty, don’t miss SARS: What U.S. Hospitals Must Learn from
the Canadian Outbreak on May 6, 2003, from 2:30-3:30 (ET),
an audio conference program presented by Thomson American
Health Consultants.

Transmission within hospitals to health care workers and
patients has been documented clearly in eight Toronto hospitals.

Two hospitals have been closed to all new admissions, with their
staff, visitors, and patients quarantined. A Toronto long-term care
facility also is under quarantine, a particular concern because the
mortality rate of SARS rises with increasing age in the infected.
Though numbers were still increasing, as this bulletin was pre-
pared Toronto reported approximately 160 SARS cases and nine
dead. 

The first speaker is a physician who is dealing directly with
SARS patients in Toronto and leading hospital efforts to prevent
further spread to workers and patients. Andrew Simor, MD, an
infectious disease specialist at the University of Toronto and hos-
pital epidemiologist at Sunnybrook and Women’s College Health
Sciences Centre, will describe the enormous impact on the city
that began when one case patient who had returned from Hong
Kong presented with SARS. He will discuss both hospital trans-
mission and infection control measures to prevent further spread. 

Be prepared when a SARS patient walks into your emergency
department. Learn the lessons of Toronto, and receive a compre-
hensive update on the U.S. situation from the program’s second
speaker, Patti Grant, RN, BSN, MS, CIC, director of infection
control at RHD Memorial Medical Center in Dallas. A board
member of the Association for Professionals in Infection Control
and Epidemiology, Grant will detail the U.S. SARS situation and
provide practical advice on implementing new Centers for Dis-
ease Control and Prevention guidelines to prevent transmission. 

An apparent new corona virus that may well have made the
leap from an animal host to man, SARS has rattled the health
care community since its rapid emergence from China. Many of
the first cases have been in health care workers. Get the latest
information on the etiology, modes of transmission, respiratory
protection, protecting household contacts, and possible treatment
options. 

At the conclusion of this program, participants will be able to:
• describe lessons learned by Canadian clinicians;
• employ measures to prevent transmission in health care 

settings;
• discuss the phenomena of “super-spreaders”;
• summarize the most current information on the etiology and 

mode of transmission of this emerging pathogen.
Educate your entire staff for one low fee, including 1 hour of

CE, CME, or Critical Care credits for all attendees. You may
invite as many participants as you wish to listen for the low fee
of $299. Information on obtaining audio conference instructions
and continuing education forms will be in the confirmation
notice, which will be mailed upon receipt of registration. Your
fee also includes access to a 48-hour replay following the confer-
ence and a CD recording of the program. For information or to
register, call customer service at (800) 688-2421 or contact us
via e-mail at customerservice@ahcpub.com. When ordering,
please refer to effort code 80861.  
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In Future Issues: Thoracolumbar Injury
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Signs and Symptoms of Heat 
Exhaustion

• Nausea • Vomiting • Sweating (profuse)

• Weakness • Headache • Chills

• Dizziness • Syncope • Hypotension

• Tachycardia • Oliguria • Heat cramps

• Confusion • Irritability

• Delay in rapid cooling • Prolonged coma
• Elevation of AST > 1000 IU/L • Hypotension
• Disseminated intravascular • Renal failure in fewer than 

coagulation 48 hours

EXERTIONAL CLASSIC

Occurrence Sporadic Following heat waves

Age Young Older

General health Healthy Predisposing illnesses/
medication use

Lifestyle Active Sedentary

Sweating Usually present Usually absent

Coagulation status DIC Mild coagulopathy

Acute renal failure Present Uncommon

Rhabdomyolysis Present Uncommon

Hypokalemia Present Uncommon

Acid-base status Respiratory alkalosis Respiratory alkalosis

Lactic acidosis Present Uncommon

Key: DIC—disseminated intravascular coagulation

• Complete heat adaptation takes as long as three weeks.

• Train either early morning or late evening for the first week’s 
workouts.

• Gradually schedule workouts closer to midday.

• On particularly hot days, resume interval training in early morn-
ing or later in the evening.

• Ensure appropriate fluids are taken all times.

• Drink cold fluids if at all possible.

• Drink 6-8 ounces of fluids every 10-15 minutes. (Remember 
that thirst is a poor guide to acute dehydration.)  

• Electrolyte replacement solutions are optional, but should have 
no more than 120 mmol/L concentration of all electrolytes.

Indicators of Poor Prognosis in Heat 
Stroke

Exertional vs. Classic Heat Stroke

Safe Heat Acclimatization 
for Athletes

< 1 year 1-3 years 4-5 years 6 years + Unknown
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Vehicle Heat-Related Deaths
Among Children

Between 1996 and 2001, at least
150 children died of heatstroke in
the passenger compartments of
parked vehicles in the United
States. Children age 3 years and
younger accounted for more than
90% of the deaths.
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At least 150 deaths in
the United States,
1996-2001

Adapted with permission from National SAFE KIDS Campaign/General Motors. Never Leave
Your Child Alone. National SAFE KIDS Campaign, Washington, DC; 2002. Available at
www.safekids.org. (Accessed 4/09/2003.)

Child Heatstroke Deaths (in Vehicle 
Passenger Compartments), by State
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The air temperature inside a parked

Chevy Venture can heat up to 140˚ 

in two hours on a warm day. 

Within the first 30 minutes, the 

temperature can climb to 120˚.

Adapted with permission from National SAFE KIDS Campaign/General Motors. Never Leave Your Child Alone.
National SAFE KIDS Campaign, Washington, DC; 2002. Available at www.safekids.org. (Accessed 4/09/2003.)
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WB-GT READING RECOMMENDATIONS

Below 18° C Low risk

18° C to 23° C Moderate risk

23° C to 28° C High risk: Heat-sensitive persons
(i.e., unacclimatized, obese, or 

dehydrated should not compete)

Above 28° C Postpone event

Key: WB-GT—wet bulb-globe temperature

American College of Sports Medicine 
WB-GT Guidelines


