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Exertional Heat Illness
during Training and

Competition
POSITION STAND

This pronouncement was written for the American College of
Sports Medicine by Lawrence E. Armstrong, Ph.D., FACSM (Chair);
Douglas J. Casa, Ph.D., ATC, FACSM; Mindy Millard-Stafford,
Ph.D., FACSM, Daniel S. Moran, Ph.D., FACSM; Scott W. Pyne,
M.D., FACSM; and Wiliam O. Roberts, M.D., FACSM.

SUMMARY

Exertional heat illness can affect athletes during high-intensity or long-

duration exercise and result in withdrawal from activity or collapse during

or soon after activity. These maladies include exercise associated muscle

cramping, heat exhaustion, or exertional heatstroke. While certain

individuals are more prone to collapse from exhaustion in the heat (i.e.,

not acclimatized, using certain medications, dehydrated, or recently ill),

exertional heatstroke (EHS) can affect seemingly healthy athletes even

when the environment is relatively cool. EHS is defined as a rectal

temperature greater than 40-C accompanied by symptoms or signs of

organ system failure, most frequently central nervous system dysfunction.

Early recognition and rapid cooling can reduce both the morbidity and

mortality associated with EHS. The clinical changes associated with EHS

can be subtle and easy to miss if coaches, medical personnel, and athletes

do not maintain a high level of awareness and monitor at-risk athletes

closely. Fatigue and exhaustion during exercise occur more rapidly as heat

stress increases and are the most common causes of withdrawal from

activity in hot conditions. When athletes collapse from exhaustion in hot

conditions, the term heat exhaustion is often applied. In some cases, rectal

temperature is the only discernable difference between severe heat

exhaustion and EHS in on-site evaluations. Heat exhaustion will generally

resolve with symptomatic care and oral fluid support. Exercise associated

muscle cramping can occur with exhaustive work in any temperature

range, but appears to be more prevalent in hot and humid conditions.

Muscle cramping usually responds to rest and replacement of fluid and

salt (sodium). Prevention strategies are essential to reducing the incidence

of EHS, heat exhaustion, and exercise associated muscle cramping.

INTRODUCTION

This document replaces, in part, the 1996 Position Stand

titled ‘‘Heat and Cold Illnesses during Distance Running’’

(9) and considers selected heat related medical conditions

(EHS, heat exhaustion, and exercise associated muscle

cramping) that may affect active people in warm or hot

environments. These recommendations are intended to

reduce the morbidity and mortality of exertional heat-

related illness during physical activity, but individual

physiologic responses to exercise and daily health status

are variable, so compliance with these recommendations

will not guarantee protection.

Heat illness occurs world wide with prolonged intense

activity in almost every venue (e.g., cycling, running races,

American football, soccer). EHS (1,27,62,64,65,109,132,

154,160,164) and heat exhaustion (54,71,149,150) occur

most frequently in hot-humid conditions, but can occur in

cool conditions, during intense or prolonged exercise

(133). Heat exhaustion and exercise related muscle cramps

do not typically involve excessive hyperthermia, but rather

are a result of fatigue, body water and/or electrolyte

depletion, and/or central regulatory changes that fail in

the face of exhaustion.

This document will address recognition, treatment, and

incidence reduction for heat exhaustion, EHS, and exercise

associated muscle cramping, but does not include anesthe-

sia-induced malignant hyperthermia, sunburn, anhidrotic

heat exhaustion, or sweat gland disorders that are classified

in other disease categories, because these disorders may or

may not involve exercise or be solely related to heat

exposure. Hyponatremia also occurs more frequently during

prolonged activity in hot conditions, but is usually associ-

ated with excessive fluid intake and is addressed in the

ACSM Exercise and Fluid Replacement Position Stand.

Evidence statements in this document are based on the

strength of scientific evidence with regard to clinical outcomes.

Because research ethics preclude the use of human subjects

in the study of EHS and other exertional heat illnesses, this

document employs the following criteria: A, recommendation

based on consistent and good-quality patient- or subject-

oriented evidence; B, recommendation based on inconsistent

or limited-quality patient- or subject-oriented evidence; C,

recommendation based on consensus, usual practice, opin-

ion, disease-oriented evidence, or a case series for studies of

diagnosis, treatment, prevention, or screening.
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General Background: Exhaustion, Hyperthermia,
and Dehydration

Exhaustion is a physiologic response to work defined as

the inability to continue exercise and occurs with heavy

exertion in all temperature ranges. As ambient temperature

increases beyond 20-C (68-F) and heat stress rises, the time

to exhaustion decreases (58). From a clinical perspective

it is difficult to distinguish athletes with exhaustion in cool

conditions from those who collapse in hot conditions.

Exercise that must be stopped due to exhaustion is likely

triggered by some combination of hyperthermia-induced

reduction of peripheral muscle activation due to decreased

central activation (brain fatigue) (110,118), hydration level,

peripheral effect of hyperthermia on muscle fatigue,

depletion of energy stores, electrolyte imbalance, and/or

other factors. Some combination of central, spinal cord, and

peripheral responses to hyperthermia factor into the etiology

of withdrawal or collapse from exhaustion during activity;

the exact mechanisms have yet to be explained (90,114–

116,171). The exercise-related exhaustion that occurs in hot

conditions may be an extension of this phenomenon, but it is

more pronounced, because depletion of energy stores occurs

faster in hotter conditions, especially when athletes are not

acclimatized to exercise in the heat (71). When physiologic

exhaustion results in collapse, the clinical syndrome is often

referred to as heat exhaustion. In both hot and cool

environments, postexercise collapse also may be due to

postural hypotension rather than heat exhaustion and

postural changes usually resolve with leg elevation and rest

in less than 30 min.

There are several variables that affect exhaustion in

athletes including duration and intensity of exercise,

environmental conditions, acclimatization to exercise-heat

stress, innate work capacity (V̇O2max), physical condition-

ing, hydration status, and personal factors like medications,

supplements, sleep, and recent illness. In human studies of

exercise time to exhaustion at a fixed exercise load, both

individuals and groups show a decrease in exercise

capacity (time to exhaustion) and an increase in perceived

exertion as environmental temperature and/or relative

humidity increase and/or as total body water decreases.

The combined effects of heat stress and dehydration reduce

exercise capacity and performance to a greater degree than

either alone. Compared to more moderate conditions, an

athlete in hot conditions must either slow the pace to avoid

collapse or maintain the pace and risk collapse before the

task is completed.

Evidence statement. Dehydration reduces endurance

exercise performance, decreases time to exhaustion,

increases heat storage (11,12,16,41,57,141). Evidence
category A.

Exertional hyperthermia, defined as a core body temper-

ature above 40-C (104-F) (71,85,86,149,150), occurs during

athletic or recreational activity and is influenced by exercise

intensity, environmental conditions, clothing, equipment,

and individual factors. Hyperthermia occurs during exercise

when muscle-generated heat accumulates faster than heat

dissipates via increased sweating and skin blood flow (3).

Heat production during intense exercise is 15–20 times

greater than at rest, and can raise core body temperature by

1-C (1.8-F) every 5 min if no heat is removed from the body

(105). Prolonged hyperthermia may lead to EHS, a life-

threatening condition with a high mortality rate if not

promptly recognized and treated with body cooling.

The removal of body heat is controlled by central

nervous system (CNS) centers in the hypothalamus and

spinal cord, and peripheral centers in the skin and organs.

Heat flow to maintain a functional core temperature

requires a temperature gradient from the body core to the

body shell. If the skin temperature remains constant, the

gradient increases as the core temperature increases during

exercise, augmenting heat removal. If the shell or skin

temperature also rises during exercise, as a result of either

the environment or internal heat production, the core to

skin gradient may be lost (i.e., reducing heat dissipation)

and the core temperature increases.

Wide variations of heat tolerance exist among athletes.

The extent to which elevated body temperature below 40-C
diminishes exercise performance and contributes to heat

exhaustion (110) is unknown, but there is considerable attri-

tion from exercise when rectal temperatures reach 39–40-C
(144). In controlled laboratory studies, precooling the body

will extend the time to exhaustion and preheating will

shorten the time to exhaustion, but in both circumstances

athletes tend to terminate exercise due to fatigue at a rectal

temperature of about 40-C (104-F) (61).

In recent years, the importance of hyperthermia in fatigue

and collapse has been investigated. These studies have shown

that the brain temperature is always higher than core temper-

ature and heat removal is decreased in the hyperthermic brain

compared to control (119). Also, as brain temperature

increases from 37 to 40-C during exercise, cerebral blood

flow and maximal voluntary muscular force output decrease

with concurrent changes in brain wave activity and

perceived exertion (110,118). Brain hyperthermia may

explain why some exercising individuals collapse with

exhaustion, while others are able to override central nervous

system controls and push themselves to continue exercising

strenuously and develop life-threatening EHS.

It is not unusual for some athletes to experience

prolonged hyperthermia without noticeable medical

impairment, especially during competition. Elevated rectal

temperatures up to 41.9-C (107.4-F) have been noted in

soccer players, American football lineman, road runners,

and marathoners who show no symptoms or signs of heat

related physical changes (21,42,46,98,125,129,130,132,

161,165,176). This is significant because some athletes

tolerate rectal temperatures well above the widely accepted

threshold for EHS of 940-C without obvious clinical

sequelae (71,85,86,104,149,150).

Dehydration occurs during prolonged exercise, more

rapidly in hot environments when participants lose
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considerably more sweat than can be replaced by fluid

intake (3,72,126). When fluid deficits exceed 3–5% of

body weight, sweat production and skin blood flow begin

to decline (19) reducing heat dissipation. Water deficits

of 6–10% of body weight occur in hot weather, with or

without clinically significant losses of sodium (Na+) and

chloride (Clj) (25,45,71,100,102,155,173) and reduce exer-

cise tolerance by decreasing cardiac output, sweat produc-

tion, and skin and muscle blood flow (12,41,57,71,101,

141,142). Dehydration may be either a direct (i.e., heat

exhaustion, exercise associated muscle cramps) or indirect

(i.e., heatstroke) factor in heat illness (10). Excessive

sweating also results in salt loss, which has been implicated

in exercise associated muscle cramps and in salt loss

hyponatremia during long-duration (98 h) endurance events

in the heat.

In one study illustrating the cumulative affects of heat

stress, a male soldier (32 yr, 180 cm, 110.47 kg, 41.4

mLIkgj1Iminj1) participating in monitored, multiday,

high-intensity exercise regimen at 41.2-C (106.0-F), 39%

RH was asymptomatic with a postexercise rectal temper-

ature of 38.3–38.9-C on days 3–7 (16). From the morning

of day 5 to day 8, he lost 5.4 kg of body weight (4.8%) and

had an increase of baseline heart rate, skin temperature and

rectal temperature during days 6 and 7. On day 8, he

developed heat exhaustion with unusual fatigue, muscular

weakness, abdominal cramps, and vomiting with a rectal

temperature of 39.6-C (103.3-F). His blood endorphin and

cortisol levels were 6 and 2 times greater, respectively,

than the other study subjects on day 8, indicating severe

exercise-heat intolerance. Thirteen other males who main-

tained body weight near their prestudy baseline completed

this protocol without incident. Because day-to-day dehy-

dration affects heat tolerance, physical signs and hydration

status should be monitored to reduce the incidence of heat

exhaustion in hot environments.

When humans exercise near maximal levels, splanchnic

and skin blood flow decrease as skeletal muscle blood flow

increases to provide plasma glucose, remove heat, and

remove metabolic products from working muscles (70). As

the central controls for blood flow distribution fatigue due

to a core temperature increase, the loss of compensatory

splanchnic and skin vasoconstriction results in reduction of

the total vascular resistance and worsens cardiac insuffi-

ciency (71,84). The loss of splanchnic vasoconstriction

during exhaustion has been reproduced in a laboratory rat

model and supports the assertion that loss of splanchnic

vasoconstriction plays a role in heat exhaustion in athletes

(70,73,84). This mechanism partially explains why exer-

tional collapse is less likely to occur in cool environments,

where cool, vasoconstricted skin helps maintain both

cardiac filling and mean arterial pressure, and prolongs

the time to exhaustion.

How EHS and heat exhaustion evolve, and in what

sequence, are not completely understood (106). Some

athletes tolerate hot conditions, dehydration, and hyper-

thermia well and are seemingly unaffected, while others

discontinue activity in relatively less stressful conditions.

The path that leads to EHS has been assumed to pass

through heat exhaustion, however anecdotal and case study

data seem to refute that notion as EHS can occur in

relatively fresh athletes who develop symptomatic hyper-

thermia in 30–60 min of road racing in hot, humid

conditions with no real signs of dehydration or heat

exhaustion. If these athletes have heat exhaustion, then

the duration and transition must be very short. Heat

exhaustion should be protective for athletes in that, once

exercise is stopped, the risk of developing exertional heat

stroke is reduced because exercise-induced metabolic heat

production decreases and heat dissipation to the environ-

ment increases. A program of prudent exercise in the heat

along with acclimatization, improved cardiorespiratory

physical fitness, and reasonable fluid replacement during

exercise reduce the risk and incidence of both problems.

Evidence statement. Exertional heatstroke (EHS) is

defined in the field by rectal temperature 940-C at collapse

and by central nervous system changes. Evidence category B.

EXERTIONAL HEAT ILLNESSES

Exertional Heatstroke

Etiology. Exertional heatstroke (EHS) is defined by

hyperthermia (core body temperature 940-C) associated

with central nervous system disturbances and multiple

organ system failure. When the metabolic heat produced by

muscle during activity outpaces body heat transfer to the

surroundings, the core temperature rises to levels that

disrupt organ function. Almost all EHS patients exhibit

sweat-soaked and pale skin at the time of collapse, as

opposed to the dry, hot, and flushed skin that is described

in the presentation of non-exertion-related (classic)

heatstroke (162).

Predisposing factors. Although strenuous exercise in

a hot-humid environment, lack of heat acclimatization, and

poor physical fitness are widely accepted as the primary

factors leading to EHS, even highly trained and heat-

acclimatized athletes develop EHS while exercising at a

high intensity if heat dissipation is inadequate relative to

metabolic heat production (18,34,71). The greatest risk for

EHS exists when the wet bulb globe temperature (WBGT)

exceeds 28-C (82-F) (20,81,156) during high-intensity

exercise (975% V̇O2max) and/or strenuous exercise that

lasts longer than 1 h as outlined below in ‘‘Monitoring

the Environment.’’ EHS also can occur in cool (8–18-C
[45–65-F]) to moderate (18–28-C [65–82-F]) environments

(14,56,132,133), suggesting that individual variations in

susceptibility (14,22,55,56,66) may be due to inadequate

physical fitness, incomplete heat acclimatization, or other

temporary factors like viral illness or medications (81,133).

Evidence statement. Ten to 14 days of exercise

training in the heat will improve heat acclimatization and

reduce the risk of EHS. Evidence category C.
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The risk of EHS rises substantially when athletes

experience multiple stressors such as a sudden increase in

physical training, lengthy initial exposure to heat, vapor

barrier protective clothing, sleep deprivation (14), inad-

equate hydration, and poor nutrition. The cumulative effect

of heat exposure on previous days raises the risk of EHS,

especially if the ambient temperature remains elevated

overnight (14,168). Over-the-counter drugs and nutritional

supplements containing ephedrine, synephrine, ma huang

and other sympathomimetic compounds may increase

heat production (23,121), but require verification as a

cause of hyperthermia by controlled laboratory studies or

field trials.

Appropriate fluid ingestion before and during exercise

minimizes dehydration and reduces the rate at which core

body temperature rises (46,60). However, hyperthermia

may occur in the absence of significant dehydration when a

fast pace or high-intensity exercise generates more meta-

bolic heat than the body can remove (18,34,165). Skin

disease (i.e., miliaria rubra), sunburn, alcohol use, drug

abuse (i.e., ecstasy), antidepressant medications (69),

obesity, age 940 yr, genetic predisposition to malignant

hyperthermia, and a history of heat illness also have been

linked to an increased risk of EHS in athletes (14,55,

85,150). Athletes should not exercise in a hot environment

if they have a fever, respiratory infection, diarrhea, or

vomiting (14,81). A study of 179 heat casualties at a 14-km

race over 9 yr showed that 23% reported a recent

gastrointestinal or respiratory illness (128). A similar study

of 10 military patients with EHS reported that three had a

fever and six recalled at least one warning sign of

impending illness prior to collapse (14).

In American football, EHS usually occurs during the

initial 4 d of preseason practice, which for most players

takes place during the hottest and most humid time of the

summer when athletes are the least fit. This emphasizes the

importance of gradually introducing activity to induce

acclimatization, carefully monitoring changes in behavior

or performance during practices, and selectively modifying

exercise (i.e., intensity, duration, rest periods) in high-risk

conditions. Three factors may influence the early season

EHS risk in American football players: (a) failure of

coaches to adjust the intensity of the practice to the current

environmental conditions, following the advice of the

sports medicine staff; (b) unfit and unacclimatized players

practicing intensely in the heat; and (c) vapor barrier

equipment introduced before acclimatization.

One study of 10 EHS cases (14) reported that eight inci-

dents occurred during group running at a 12.1–13.8 kmIhj1

pace in environmental temperatures of Q25-C (77-F),

suggesting that some host factor altered exercise-heat

tolerance on the day that EHS occurred. Heat tolerance is

often less in individuals who have the lowest maximal

aerobic power (i.e., V̇O2max e 40 mLIkgj1Iminj1)

(14,64,96). To maintain pace when running in a group,

these less fit individuals must function at higher exercise

intensities to maintain the group`s pace and are likely to

have higher rectal temperatures at the end of a run com-

pared to individuals with a higher V̇O2max. Air flow and

heat dissipation also are reduced for runners in a pack.

More clinical and scientific reports of EHS involve

males, and some hypotheses have been advanced (14).

First, men may simply be in more EHS prone situations

(i.e., military combat and American football). Second, men

may be predisposed because of gender-specific hormonal,

physiological, psychological, or morphological (i.e.,

muscle mass, body surface area-to-mass ratio) differences.

Women, however, are not immune to the disorder, and the

number of women who experience EHS may rise with the

increased participation of women in strenuous sports.

Evidence statement. The following conditions

increase the risk of EHS: obesity, low physical fitness level,

lack of heat acclimatization, dehydration, a previous history

of EHS, sleep deprivation, sweat gland dysfunction, sunburn,

viral illness, diarrhea, or certain medications. Evidence
category B. Physical training, cardiorespiratory fitness, and

heat acclimatization reduce the risk of EHS. Evidence
category C.

Pathophysiology. The underlying pathophysiology of

EHS occurs when internal organ tissue temperatures rise

above critical levels, cell membranes are damaged, and cell

energy systems are disrupted, giving rise to a characteristic

clinical syndrome (56,149). As a cell is heated beyond its

thermal threshold (i.e., about 40-C), a cascade of events

occurs that disrupts cell volume, metabolism, acid–base

balance, and membrane permeability leading initially to cell

and organ dysfunction and finally to cell death and organ

failure (71,91,175). This complex cascade of events explains

the variable onset of brain, cardiac, renal, gastrointestinal,

hematologic, and muscle dysfunction among EHS patients.

The extent of multisystem tissue morbidity and the

mortality rate are directly related to the area in degree-

minutes under the body core temperature vs. time graph and

FIGURE 1— Cooling curves for early and late cooling interventions.

The area under the early intervention curve above 40.5-C (the dashed

line) in degree-minutes is approximately 60 while the area under the

late intervention curve (cooling at 50 min) is >145. The prognosis

based on area under the cooling curve for the late intervention is poor.

Cooling can be delayed when heat stoke is not recognized early in the

evaluation or if the athlete is transported before cooling is initiated.

The arrow marks the start of cooling at 10 min for early intervention

and 50 min for late intervention.
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the length of time required to cool central organs to G40-C
(14,20,47,48). Tissue thresholds and the duration of temper-

ature elevation, rather than the peak core body temperature,

determine the degree of injury (72). When cooling is rapidly

initiated and both the body temperature and cognitive

function return to the normal range within an hour of onset

of symptoms, most EHS patients recover fully (47,48). EHS

victims who are recognized and cooled immediately

theoretically tolerate about 60-CImin (120-FImin; area under

the cooling curve) above 40.5-C without lasting sequelae

(see Fig. 1). Conversely, athletes with EHS who go

unrecognized or are not cooled quickly, and have more than

60-CImin of temperature elevation above 40.5-C, tend to

have increased morbidity and mortality. Outcomes of 20

‘‘light’’ and 16 ‘‘severe’’ cases of EHS during military

training (150) showed that coma was relatively brief in light

cases when hyperthermia was limited to G1 h, despite

evidence of multiple organ involvement that was confirmed

with elevated serum muscle and liver enzymes (74,172).

Severe EHS cases were moribund at the time of admission

and died early with evident central nervous system damage

(150). The primary difference between light and severe EHS

cases appears to be the length of time between collapse and

the initiation of cooling therapy (14,20,47,48).

Hyperthermia of heart muscle tissue directly suppresses

cardiac function, but the dysfunction is reversible with

body cooling, as demonstrated by echocardiography (133).

Cardiac tissue hyperthermia reduces cardiac output, oxy-

gen delivery to tissues, and the vascular transport of heat

from deep tissues to the skin. Cardiac insufficiency or

failure associated with hyperthermia accelerates the ele-

vation of core temperature and increases tissue hypoxia,

metabolic acidosis and organ dysfunction. The concurrent

heating of the brain begins a cascade of cerebral and

hypothalamic failure that also accelerates cell death by

disrupting the regulation of blood pressure and blood flow.

Interestingly, direct hyperthermia-induced brain dysfunc-

tion may lead to collapse that can be ‘‘lifesaving,’’ if

stopping exercise allows the body to cool or the collapse

triggers medical evaluation that leads to cooling therapy.

Exercise stimulates increased blood flow to working

muscle. During a maximal effort, for example, approx-

imately 80–85% of maximal cardiac output is distributed to

active muscle tissue (139). As core temperature increases

during exercise, the thermoregulatory response increases

peripheral vasodilatation and blood flow to the cutaneous

vascular beds to augment body cooling. The brain also

regulates blood pressure during exercise by decreasing

blood flow to splanchnic organs. This decreased intestinal

blood flow limits vascular heat exchange in the gut and

promotes bowel tissue hyperthermia and ischemia. Gut cell

membrane breakdown allows lipopolysaccharide fragments

from intestinal gram-negative bacteria to leak into the

systemic circulation, increasing the risk of endotoxic

shock. Dehydration can accentuate these effects on the GI

tract and speed the process.

Rhabdomyolysis, the breakdown of muscle fibers,

occurs in EHS as muscle tissue exceeds the critical

temperature threshold of cell membranes (i.e., about

40-C). Although eccentric and concentric muscle overuse

is a common cause of rhabdomyolysis, muscle membrane

permeability increases due to hyperthermia and occurs

earlier in exercise when the muscle tissues are hyper-

thermic (71,74). As heat decomposes cell membranes,

myoglobin is released and may cause renal tubular toxicity

and obstruction if renal blood flow is inadequate. Intra-

cellular potassium is also released into the extracellular

space, increasing serum levels and potentially inducing

cardiac arrhythmias. Heating renal tissue above its critical

threshold can directly suppress renal function and induce

acute renal failure that is worsened by sustained hypo-

tension, crystallization of myoglobin, disseminated intra-

vascular coagulation, and the metabolic acidosis associated

with exercise (31,70,153).

Incidence. The incidence of EHS varies from event to

event and increases with rising ambient temperature and

relative humidity. Limited data exist regarding the incidence

of EHS during athletic activities. While fatal outcomes are

often reported in the press, there is limited reporting of non

fatal EHS unless it involves high profile athletes. In most

cases, fatal EHS is a rare event that strikes ‘‘at random’’ in

sports like American football, especially during the initial

four days of preseason conditioning, where the incidence of

fatal EHS was about 1 in 350,000 participants from 1995

through 2002 (131). Fatal EHS in American football players

often occurs when air temperature is 26–30-C (78–86-F)

and relative humidity is 50–80% (87). EHS is observed

more often during road racing and other activities that

involve continuous, high-intensity exercise. The Twin Cities

Marathon, which is run in cool conditions, averages G1 EHS

per 10,000 finishers (136); this incidence rises as the WBGT

rises. In contrast, one popular 11.5-km road race, staged in

hot and humid summer conditions (WBGT 21–27-C),

averages 10–20 EHS cases per 10,000 entrants (18,34).

The same race course, run in cool conditions, had no cases

of EHS (A Crago, M.D., personal communication). Such a

high incidence burdens the medical care system and

suggests that the summer event is not scheduled at the

safest time for the runners.

Recognition. Immediate recognition of EHS cases is

paramount to survival (68). The appearance of signs and

symptoms depends on the degree and duration of

hyperthermia (14,48,71,81,150). The symptoms and signs

are often nonspecific and include disorientation, confusion,

dizziness, irrational or unusual behavior, inappropriate

comments, irritability, headache, inability to walk, loss of

balance and muscle function resulting in collapse,

profound fatigue, hyperventilation, vomiting, diarrhea,

delirium, seizures, or coma. Thus, any change of

personality or performance should trigger an assessment

for EHS, especially in hot-humid conditions. In collision

sports like American football, EHS has been initially
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mistaken for concussion; among nonathletes, EHS also has

been initially misdiagnosed as psychosis.

A body core temperature estimate is vital to establishing

an EHS diagnosis, and rectal temperature should be

measured in any athlete who collapses or exhibits signs

or symptoms consistent with EHS. Ear (aural canal or

tympanic membrane), oral, skin over the temporal artery,

and axillary temperature measurements should not be used

to diagnose EHS because they are spuriously lowered by

the temperature of air, skin, and liquids that contact the

skin (18,134,135). Oral temperature measurements also

are affected by hyperventilation, swallowing, ingestion of

cold liquids, and face fanning (33,151). At the time of

collapse, systolic blood pressure G100 mm Hg, tachycardia,

hyperventilation, and a shocklike appearance (i.e., sweaty,

cool skin) are common.

Evidence statement. Ear (i.e., aural), oral, skin,

temporal, and axillary temperature measurements should

not be used to diagnose or distinguish EHS from exertional

heat exhaustion. Evidence category B. Early symptoms of

EHS include clumsiness, stumbling, headache, nausea,

dizziness, apathy, confusion, and impairment of con-

sciousness (71,85,149,161). Evidence category B.
Treatment. EHS is a life-threatening medical emergency

that requires immediate whole body cooling for a satisfactory

outcome (14,44,48,72,82,85,120,132,149). Cooling should

be initiated and, if there are no other life-threatening

complications, completed on-site prior to evacuation to the

hospital emergency department. Athletes who rapidly

become lucid during cooling usually have the best prognosis.

The most rapid whole body cooling rates (i.e., range

0.15–0.24-CIminj1) have been observed with cold water

and ice water immersion therapy (13,43,47,63,78,83,111,

125,163), and both have the lowest morbidity and mortality

rates (47). An aggressive combination of rapidly rotating

ice water-soaked towels to the head, trunk and extremities

and ice packs to the neck, axillae and groin, (e.g., as

currently used at the Twin Cities, Chicago, and Marine

Corps marathons) provides a reasonable rate of cooling

(i.e., range 0.12–0.16-CIminj1). Ice packs to the neck,

axilla, and groin will decrease body temperature in the

range of 0.04–0.08-CIminj1 (13). Warm air mist and

fanning techniques provide slower whole body cooling

rates and are most effective only when the relative

humidity is low because this method depends heavily on

evaporation for cooling efficacy. Although some patients

exhibit a misleading ‘‘lucid interval’’ that often delays the

diagnosis, observation and cooling therapy should continue

until rectal temperature and mental acuity indicate that

treatment is successful. Road race competitors, with rectal

temperatures of 942-C and profound CNS dysfunction,

who are identified and treated immediately in ice water

baths, often leave the medical tent without hospitalization

or discernable sequelae (18,34,134).

Evidence statement. Cold water immersion provides

the fastest whole body cooling rate and the lowest

morbidity and mortality for EHS. Evidence category A.
When water immersion is unavailable, ice water towels/

sheets combined with ice packs on the head, trunk, and

extremities provide effective but slower whole body

cooling. Evidence category C.
A medical record should be completed for each athlete

who receives treatment (2,132). This provides a record of

care and information that can be used to improve the

medical plan for future EHS incidents. Table 1 lists the

equipment and supplies needed to evaluate and treat exer-

tional heat illnesses that may occur during an athletic event.

EHS casualties often present with cardiovascular col-

lapse and shock. Immediate cooling can reverse these

conditions but, if prolonged core temperature elevation and

multiple organ failure exist, the victim will require

extensive intervention beyond body cooling and fluid

replacement. Clinical, hematological, serum chemistry,

and diagnostic imaging assessments should be initiated

during cooling when possible, but tests that delay body

cooling should not be employed unless they are critical to

survival (39). Clinical markers of disseminated intravas-

cular coagulation, prolonged elevation of liver and muscle

enzymes in the serum, multiple organ failures, and

prolonged coma are associated with a grave prognosis.

Preserving intravascular volume with normal saline

(NS) infusion improves renal blood flow to protect the

kidney from rhabdomyolysis and improves tissue perfu-

sion in all organs for heat exchange, oxygenation, and

removal of waste products. Dantrolene, a direct muscle

relaxant that alters muscle contractility and calcium

channel flow in membranes, purportedly is effective for

treating rhabdomyolysis and athletes who have a genetic

predisposition to malignant hyperthermia (104), but addi-

tional investigations are needed to clarify its efficacy in

TABLE 1. Suggested equipment and supplies for treatment of heat related illness.

Stretchers
Cots
Wheelchairs
Bath towels
High temperature rectal thermometers (943-C, 9110-F)
Disposable latex-free gloves
Stethoscopes
Blood pressure cuffs
Intravenous (IV) tubing and cannulation needles
D5%NS and NS IV fluids in 1-L bags
3% saline IV fluid in 250-mL bags
Sharps and biohazard disposal containers
Alcohol wipes, tape, and gauze pads
Tables for medical supplies
Water supply for tubs or ice water buckets
Tub for immersion therapy
Fans for cooling
Oxygen tanks with regulators and masks
Ice, crushed or cubed
Plastic bags
Oral rehydration fluids
Cups for oral fluids
Glucose blood monitoring kits
Sodium analyzer and chemistry chips
Diazepam IV 5 mg or midazolam IV 1 mg vials
Defibrillator (automatic or manual)

a Revised from references (2) and (117).
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EHS. The sheer volume of dantrolene needed to reverse

malignant hyperthermia precludes its routine use in the

field, but empiric use may be considered in EHS athletes

who do not respond to aggressive cooling techniques.

Seizures triggered by heat-induced brain dysfunction can

be controlled with intravenous benzodiazepines until the

brain is cooled and the electrochemical instability is

reversed. Treatment of multiple organ system failure

associated with prolonged EHS is beyond the scope of this

position paper; accepted protocols can be found in most

medical texts and handbooks.

Return to training or competition. There are no

evidence-based recommendations regarding the return of

athletes to training after an episode of EHS. For the

majority of patients who receive prompt cooling therapy,

the prognosis for full recovery and rapid return to activity

is good (47,48,123,147). Nine out of 10 prior heatstroke

patients tested about two months after an EHS episode

demonstrated normal thermoregulation, exercise-heat

tolerance, and heat acclimatization with normal sweat

gland function, whole body sodium and potassium balance,

and blood constituents (14). One of these patients was

found to be heat intolerant during laboratory testing at 2

and 7 months after EHS, but was heat tolerant at 1 yr.

Physiological and psychological recovery from EHS may

require longer than a year, especially in those who

experience severe hepatic injury (28,140).

Five recommendations have been proposed for the return

to training and competition (37).

1. Refrain from exercise for at least 7 d following

release from medical care.

2. Follow up in about 1 wk for physical exam and repeat

lab testing or diagnostic imaging of affected organs

that may be indicated, based on the physician`s
evaluation.

3. When cleared for activity, begin exercise in a cool

environment and gradually increase the duration,

intensity, and heat exposure for 2 wk to acclimatize

and demonstrate heat tolerance.

4. If return to activity is difficult, consider a laboratory

exercise-heat tolerance test about one month post-

incident (14,98,103,138).

5. Clear the athlete for full competition if heat tolerance

exists after 2–4 wk of training.

Evidence statement. EHS casualties may return to

practice and competition when they have reestablished heat

tolerance. Evidence category B.

Exertional Heat Exhaustion

Exhaustion defined as the inability to continue to

exercise, occurs with heavy exertion in all temperatures

and may or may not be associated with physical collapse.

From a clinical perspective it is difficult to distinguish

athletes who collapse with exhaustion in cool conditions

from those in hot conditions. Exertional heat exhaustion was

first described between 1938 and 1944 in medical reports

(6,30,169,170) involving laborers and military personnel in

the deserts of North Africa (4) and Iraq (89). These reports

differentiated heat syncope (i.e., orthostatic hypotension)

from heat exhaustion involving significant fluid-electrolyte

losses and cardiovascular insufficiency (67,93,170,167).

Heat exhaustion is also postulated to be the result of central

failure that protects the body against overexertion in

stressful situations (99). This paradigm suggests that heat

exhaustion is a brain-mediated ‘‘safety brake’’ against excess

activity in any environment (114,115,158).

Etiology. Heat exhaustion related to dehydration is

more common in hot conditions. Rectal temperature can be

elevated in heat exhaustion, because circulatory insuf-

ficiency predisposes to elevated core body temperatures

(16). Laboratory and field studies have shown that exercise

in 34–39-C (93–102-F) at 40–50% V̇O2max does not induce

heat exhaustion unless dehydration is present, and that

identical exercise performed in a cool environment does

not induce heat exhaustion (35,143).

Several lines of evidence suggest that heat exhaustion

results from the central fatigue that induces widespread

peripheral vascular dilation and associated collapse (11). A

Saudi Arabian research group (146) measured echocar-

diography images of heat exhaustion patients who had

participated in consecutive days of desert walking during a

religious pilgrimage. These images showed that heat

exhaustion involved tachycardia and high cardiac output

with peripheral vasodilatation, characteristic of high output

heart failure. The vasodilatation lowered peripheral vascu-

lar resistance resulting in hypotension and cardiovascular

insufficiency. The blood volume pooled in the skin and

extremities reduces intravascular heat transport from the

core to the body surface and, in turn, heat loss from the

skin surface. If the air humidity is high, evaporative

cooling is impaired because the air is nearly saturated with

moisture, signaling the body to increase cutaneous blood

flow to support nonevaporative radiation and convection

heat loss. This likely explains why both EHS and heat

exhaustion occur more frequently on humid days.

Predisposing factors. There are several factors that

predispose athletes to heat exhaustion, including the

variables that affect exhaustion during exercise. Three

studies of underground miners identified that the following

factors were associated with an increasing number of heat

exhaustion cases: a body mass index 9 27 kgImj2; work

during the hottest months of the year; elevated urine specific

gravity, hematocrit, hemoglobin, or serum osmolality

suggesting inadequate fluid intake; an air temperature

9 33-C and an air velocity G 2.0 mIsj1 (50–52).

Evidence statement. Dehydration and high body

mass index increase the risk of exertional heat exhaustion.

Evidence category B. Ten to 14 days of exercise training in

the heat will improve heat acclimatization and reduce the

risk of exertional heat exhaustion. Evidence category C.
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Incidence. Heat exhaustion is the most common heat-

related disorder observed in active populations (5,75,

79,85,97), but the incidence has not been systematically

tracked with respect to sport participation. The incidence

among religious pilgrims, who walked in the desert at

35–50-C (95–122-F) and had variable fitness and age,

was 4 per 10,000 individuals per day (5). Reserve sol-

diers participating in summer maneuvers at 49–54-C
(120–130-F) were affected at a rate of 13 per 10,000

individuals per day (97). Presumably fit competitors run-

ning in a 14-km road race with mild air temperatures of

11–20-C (52–68-F) were affected at the rate of 14 per 10,000

individuals per day (127), demonstrating the effects of

increased intensity in less stressful heat. During a 6-day

youth soccer tournament with early morning WBGT 9 28-C
(82-F), 34 players out of 4000 (85 per 10,000 incidence)

were treated for heat exhaustion with a large increase in cases

on the second day of the tournament, demonstrating the

effects of cumulative exposure (54). These groups

demonstrate the interactions of exercise duration, exercise

intensity, and environment on the incidence of exertional heat

exhaustion.

Recognition. The signs and symptoms of heat ex-

haustion are neither specific nor sensitive. During the acute

stage of heat exhaustion the blood pressure is low, the

pulse and respiratory rates are elevated, and the patient

appears sweaty, pale, and ashen. Other signs and symptoms

include headache, weakness, dizziness, ‘‘heat sensations’’

on the head or neck, chills, ‘‘goose flesh’’, nausea, vomiting,

diarrhea, irritability, and decreased muscle coordination

(71,72,76). Muscle cramps may or may not accompany

heat exhaustion (70). In the field, rectal temperature mea-

surement may discriminate between severe heat exhaustion

(G40-C, 104-F) and EHS (940-C) (36). If rectal tem-

perature cannot be measured promptly, empiric heatstroke

cooling therapy should be considered, especially if there

are CNS symptoms. One study systematically examined

the role of exercise in heat exhaustion by observing 14

healthy males (15) who ran 8.3–9.8 kmIdj1 on a treadmill

at 63–72% V̇O2max for eight consecutive days in a 41-C
(106-F), 39% RH environment and all the common signs

and symptoms of heat exhaustion occurred in this study

group (see section above titled, ‘‘Recognition’’).

Treatment. An athlete with the clinical picture of

exertional heat exhaustion should be moved to a shaded or

air conditioned area, have excess clothing removed, placed

in the supine position with legs elevated, and have the heart

rate, blood pressure, respiratory rate, rectal temperature,

and central nervous system status monitored closely. The

vast majority of athletes will resolve their collapse with leg

elevation, oral fluids, and rest. Heat exhaustion does not

always involve elevated core temperature, but cooling

therapy will often improve the medical status. An athlete

with suspected heat exhaustion who does not improve with

these simple measures should be transported to an

emergency facility.

Oral fluids are preferred for rehydration in athletes who

are conscious, able to swallow well, and not losing fluids

via vomiting or diarrhea. As long as the blood pressure,

pulse, and rectal temperature are normal and no ongoing

fluid losses exist, intravenous fluids should not be required.

Intravenous fluid administration facilitates rapid recovery

from heat exhaustion (50–52,72) in those who are unable to

ingest oral fluids or have more severe dehydration. The

decision to utilize intravenous fluids in dehydrated casu-

alties hinges on the patient`s orthostatic pulse, blood

pressure change, other clinical signs of dehydration, and

ability to ingest oral fluids. Progressive clouding of

consciousness should trigger a detailed evaluation for

hyperthermia, hypothermia, hyponatremia, hypoglycemia,

and other medical problems (112,113). Muscle twitching or

cramping that is not easily relieved by stretching may be

associated with symptomatic hyponatremia. If dehydration

is not clinically obvious in the collapsed athlete with

suspected heat exhaustion, consider dilutional hyponatre-

mia as a potential cause of the collapse before administer-

ing intravenous fluids (102).

The most commonly recommended IV fluids for

rehydrating athletes are NS or 5% dextrose in NS. For

empirical field treatment, the primary goal is intravascular

volume expansion with saline, to protect organ function

and improve blood pressure in athletes with signs of shock.

The 5% dextrose solution provides glucose for cell energy.

Current protocols suggest starting with NS unless the blood

glucose is low. Intravenous fluids (1–4 L) have been used

to speed recovery in miners (50–52) and are also used

during the half time of soccer matches and American

football games, although this practice is not evidence based

nor recommended.

The vast majority of athletes with heat exhaustion

recover on site and, when clinically stable, may be

discharged in the company of a friend or relative with

instructions for continued rest and rehydration. A simple

check of urine volume and color (i.e., pale yellow or straw

color) for the next 48 h will help gauge the recovery process.

Prognosis is best when mental acuity was not altered and the

athlete becomes alert quickly, following rest and fluids. An

athlete with severe heat exhaustion should be instructed to

follow-up with a physician (29,36,132).

Return to training or competition. An immediate

return to exercise or labor following heat exhaustion is not

prudent or advised. Athletes with milder forms of heat

exhaustion can often return to training or work within 24–48

h, with instructions for gradually increasing the intensity and

volume of activity. Neither rest nor body cooling allows heat

exhaustion cases to recover to full exercise capacity on the

same day (3). In a series of 106 cases of heat exhaustion in

underground miners, 4 were sent to the hospital for

treatment and 102 were treated on site and released to

home. Of 77 miners who returned to work the next day, 30

had persistent mild symptoms of headache and fatigue, and

were not allowed to return to normal work duties that day.
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Of the asymptomatic miners, 46 of 47 returned to normal

duties while 22 of the 30 symptomatic miners were

restricted to an air conditioned environment. All of these

workers were back to full duties by the third day and none

required further medical treatment (52). Serious com-

plications are very rare. Athletes who are rehydrated

during games with intravenous fluids and allowed to return

to play often are profuse sweaters suffering from

dehydration, rather than true heat exhaustion casualties.

Exercise-Associated Muscle Cramps
(Exertional Heat Cramps)

Etiology. Exercise associated muscle cramps (EAMC),

also called heat cramps, are painful spasms of skeletal

muscles that are commonly observed following prolonged,

strenuous exercise, often in the heat (95). EAMC is

especially prevalent in tennis and American football

players (26). EAMC is common in long distance races,

where intensity or duration often exceeds that experienced

during daily training.

Cramps that occur in the heat are thought by some to

differ from EAMC (71) because the cramping is accen-

tuated by large sodium and water losses and that cramps in

the heat may present with different signs and symptoms

(24,25,71,88). EAMC in the heat often appear unheralded

and occur in the legs, arms or abdomen (25,71,92,94,95,

166), although runners, skaters, and skiers who exercise to

fatigue in moderate to cool temperatures present in a

similar clinical manner. Tennis players who experience

recurrent heat cramps are reportedly able to feel a cramp

coming on and can abort the cramps with rest and fluids

(24). Few investigations have measured fluid-electrolyte

balance in EAMC patients, but some have reported whole

body sodium deficiencies (24,25,26,88,92,166). Some

individuals have a peculiar susceptibility to EAMC that

may be related to genetic or metabolic abnormalities in

skeletal muscle or lipid metabolism (159).

Predisposing factors. Three factors are usually

present in EAMC: exercise-induced muscle fatigue, body

water loss, and large sweat Na+ loss (24,26,85). EAMC

seems to be more frequent in long-duration, high-intensity

events; indeed, the competitive schedule of certain athletic

events may predispose to EAMC. In multiday tennis

tournaments, competitors often play more than one match

a day, with only an hour between matches. This format

induces muscle fatigue, impedes both fluid and electrolyte

replacement between matches, and often results in

debilitating EAMC (24,25). A similar scenario occurs

during the two-a-day practices or competitions and/or

other multiday tournaments, both of which are associated

with large sweat losses.

Pathophysiology. Sweat Na+ losses that are replaced

with hypotonic fluid have been proposed as the primary

cause of EAMC (24,25,32,53,71,92,95,96,166). Sugar cane

cutters who experienced EAMC were found to have low

urinary Na+ levels (versus healthy laborers) and the authors

concluded a whole body Na+ deficit existed (92,95). A

young tennis player with a history of recurring EAMC

successfully treated this disorder by increasing his dietary

salt intake (24). In anecdotal reports, steel mill workers

prevent EAMC when they increase their consumption of

table salt (88,166). Significant quantities of intracellular

calcium, magnesium, and potassium (K+) are not lost

during activity, so painful cramps in hot environments are

likely not related to changes in those levels (25).

The resting electrical potentials of nerve and muscle

tissues are affected by the concentrations of Na+, Clj and

K+ on both sides of the cell membrane. Intracellular

dilution or water expansion is believed to play a role in

the development of EAMC (88,95). EAMC apparently are

less likely to occur when interstitial or extracellular edema

is observed (88).

Incidence. The incidence of EAMC has not been

reported in any large epidemiologic study of athletes. In a

12-yr summary of marathon medical encounters, there

were 1.2 cases of EAMC per 1000 race entrants and

cramping accounted for 6.1% of medical encounters (136).

Recognition. In EAMC, the affected muscle or muscle

group is contracted tightly causing pain that is sometimes

excruciating. The affected muscles often appear to be

randomly involved, and as one bundle of muscle fibers

relax, an adjacent bundle contracts, giving the impression

that the spasms wander (88). Twitches first may appear in

the quadriceps and subsequently in another muscle group

(25). Most EAMC spasms last 1–3 min, but the total series

may span 6–8 h (95). Intestinal cramps (i.e., due to gaseous

bloating or diarrhea) and gastrointestinal infections have

been mistaken for abdominal EAMC (71,95).

EAMC can be confused with tetany. However, the

characteristic flexion at metacarpophalangeal joints and

the extension at interphalangeal joints of the fingers, give

the hand its typical tetany appearance. Tetany rarely occurs

concurrent with heat cramps, but is commonly observed in

hyperventilation syndrome, hypokalemia associated with

diuretic use, and in wrestlers who lose weight via

dehydration (95).

Treatment. EAMC responds well to rest, prolonged

stretch with the muscle groups at full length, and oral NaCl

ingestion in fluids or foods (i.e., 1/8–1/4 teaspoon of table

salt added to 300–500 mL of fluids or sports drink, 1–2 salt

tablets with 300–500 mL of fluid, bullion broth, or salty

snacks). Intravenous NS fluids provide rapid relief from

severe EAMC (88,95) in some cases. Calcium salts,

sodium bicarbonate, quinine, and dextrose have not pro-

duced consistent benefits when treating EAMC (25,95). In

refractory muscle cramping, intravenous benzodiazepines

effectively relieve muscle cramps through central mecha-

nisms. The use of these medications requires close

monitoring and excludes athletes from return to activity.

Cramping also occurs in dilutional hyponatremia, so

protracted cramping without clinical signs of dehydration
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should trigger the measurement of serum Na+ before

administering IV NS to treat the spasms.

Return to training or competition. Many athletes

with EAMC are able to return to play during the same

game with rest and fluid replacement, while some require

at least a day to recover following treatment. If the muscle

cramping is associated with heat exhaustion or symp-

tomatic hyponatremia (71), the recommendations for the

more severe problem should guide the return to play.

Prevention. EAMC that occur in hot conditions seem

to be prevented by maintaining fluid and salt balance.

Athletes with high sweat Na+ levels and sweat rates, or

who have a history of EAMC, may need to consume

supplemental Na+ during prolonged activities to maintain

salt balance (25,71,137) and may need to increase daily

dietary salt to 5–10 gIdj1 when sweat losses are large

(95,166). This is especially important during the heat

acclimatization phase of training. Calculating sweat Na+

losses and replacing that Na+ during and after activity

allowed two athletes with previously debilitating EAMC to

compete successfully in hot conditions (24). There are

anecdotal reports of EAMC resolution in American

football and in soccer players who increase their oral salt

intake before, during, and after activity.

ATHLETE SAFETY AND REDUCTION OF
HEAT RELATED ILLNESS

Events should be scheduled to avoid extremely hot and

humid months, based on the historical local weather data.

During summer months, all events, games, and practices

should be scheduled during the cooler hours of the day

(e.g., early morning). Unseasonably hot days in spring and

fall will increase the risk of exertional heat illnesses

because competitors are often not sufficiently acclimatized.

Heat acclimatization is the best known protection against

both EHS and heat exhaustion. Acclimatization requires

gradually increasing the duration and intensity of exercise

during the initial 10–14 d of heat exposure, although

maximal protection may take up to 12 wk (17). In a study

of mortality, the minimum temperatures at which fatal heat

stroke occurred decreased at higher latitudes (i.e., northern

Europe), and the minimum temperature for fatal cases

increased as the summer months progressed at the same

latitude (80). Thus, natural heat acclimatization that occurs

from living in a given geographic area and the recom-

mended exercise limits and modifications, must consider

regional climatic differences. Fitness also confers some pro-

tection such that prolonged, near-maximal exertion should

be avoided before acquired physical fitness and heat

acclimatization are sufficient to support high-intensity, long-

duration exercise training or competition (59,122,124,152).

Event-specific physical training in the heat reduces the

incidence of heat exhaustion (36) by enhancing cardiovas-

cular function and fluid-electrolyte homeostasis.

All athletes should be monitored for signs and symptoms

of heat strain, especially during the acclimatization period

and when environmental conditions become more stressful,

because early recognition decreases both the severity of the

episode and the time lost from activity. Athletes, who are

adequately rested, nourished, hydrated, and acclimatized to

heat are at less risk for heat exhaustion (67). If an athlete

experiences recurrent episodes of heat exhaustion, a careful

review of fluid intake, diet, whole-body sodium balance,

TABLE 2. WBGT levels for modification or cancellation of workouts or athletic competition for healthy adults.a,f

WBGT b Training and Noncontinuous Activity

-F -C Continuous Activity and Competition
Nonacclimatized, Unfit,
High-Risk Individuals c

Acclimatized, Fit,
Low-Risk Individuals c,d

e50.0 e10.0 Generally safe; EHS can occur
associated with individual factors

Normal activity Normal activity

50.1–65.0 10.1–18.3 Generally safe; EHS can occur Normal activity Normal activity
65.1–72.0 18.4–22.2 Risk of EHS and other heat illness

begins to rise; high-risk individuals
should be monitored or not compete

Increase the rest:work ratio.
Monitor fluid intake.

Normal activity

72.1–78.0 22.3–25.6 Risk for all competitors is increased Increase the rest:work ratio and decrease total
duration of activity.

Normal activity. Monitor fluid intake.

78.1–82.0 25.7–27.8 Risk for unfit, nonacclimatized
individuals is high

Increase the rest:work ratio; decrease intensity
and total duration of activity.

Normal activity. Monitor fluid intake.

82.1–86.0 27.9–30.0 Cancel level for EHS risk Increase the rest:work ratio to 1:1, decrease
intensity and total duration of activity.
Limit intense exercise. Watch at-risk
individuals carefully

Plan intense or prolonged exercise
with discretionf; watch at-risk
individuals carefully

86.1–90.0 30.1–32.2 Cancel or stop practice and competition. Limit intense exercisef and total daily
exposure to heat and humidity; watch for
early signs and symptoms

Q90.1 932.3 Cancel exercise. Cancel exercise uncompensable heat
stresse exists for all athletesf

a revised from reference (38).
b wet bulb globe temperature.
c while wearing shorts, T-shirt, socks and sneakers.
d acclimatized to training in the heat at least 3 wk.
e internal heat production exceeds heat loss and core body temperature rises continuously, without a plateau.
f Differences of local climate and individual heat acclimatization status may allow activity at higher levels than outlined in the table, but athletes and coaches should consult with
sports medicine staff and should be cautious when exceeding these limits.
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recovery interval, and heat acclimatization should be

undertaken and corrected (36). Athletes should have a

monitored fluid replacement plan (8,9) to stay within 2%

of the baseline body weight (i.e., initial weight in multiday

events or practices) (30).

Activity modification in high-risk situations. The

events posing the greatest risk of EHS, heat exhaustion and

EAMC involve high-intensity exercise in a hot-humid

environment. Athletes may not have adequate experience

to withdraw voluntarily, and often assume that the act of

conducting a competition or practice implies safe con-

ditions for the activity. The internal motivation of athletes

to succeed under any circumstances plays a role in EHS

risk and must be recognized by coaches and administrators

when making the decision to conduct an event in high-risk

conditions.

One athlete experiencing heat-related symptoms (i.e., the

‘‘weak link’’) often indicates that other exertional heat

casualties will soon follow (75,97). Medical providers,

event directors, coaches and athletes should be prepared to

postpone, reschedule, modify, or cancel activities when

environmental conditions pose undue risk, based on

predetermined safety guidelines established for that event.

The pressures exerted by parents, peers, coaches, admin-

istrators, and competition may encourage ill, fatigued, or

dehydrated athletes to participate when the environmental

conditions are unsafe.

Independent of an athlete`s heat acclimatization or

fitness, practice sessions and competitions should be

modified with unlimited fluid access, longer and/or more

rest breaks to facilitate heat dissipation, shorter playing

times to decrease heat production, and/or delays when the

moderate or higher environment risk categories exist

(Table 2). The following factors should be considered

when modifying training or events: environmental con-

ditions, heat acclimatization status of participants, fitness

and age of participants, intensity and duration of exercise,

time of day, clothing or uniform requirements, sleep

deprivation, nutrition, availability of fluids, frequency of

fluid intake, and playing surface heat reflection and

radiation (i.e., grass, asphalt) (157). During high heat stress

conditions, remove equipment and extra clothing to reduce

heat storage. Allow a minimum of 3, and preferably 6,

hours of recovery and rehydration time between practice

sessions and games.

Evidence Statement. Practice and competition

should be modified on the basis of air temperature, relative

humidity, sun exposure, heat acclimatization status, age,

and equipment requirements by decreasing the duration

and intensity of exercise and by removing clothing.

Evidence category C.
Monitoring the environment. Event organizers

should monitor the weather conditions before and during

practice and competition. Ideally, heat stress should be

measured at the event site for the most accurate

meteorological data. Factors that affect heat injury risk

include ambient temperature, relative humidity, wind

speed, and solar radiant heat; as a minimum standard, the

TABLE 3. Modifying practice sessions for exercising children.

WBGT

-F -C Restraints on Activities

G75.0 G24.0 All activities allowed, but be alert
for prodromes of heat-related
illness in prolonged events

75.0–78.6 24.0–25.9 Longer rest periods in the shade;
enforce drinking every 15 min

79.0–84.0 26.0–29.0 Stop activity of unacclimatized
persons and high-risk persons;
limit activities of all others
(disallow long-distance races,
cut the duration of
other activities)

985.0 929.0 Cancel all athletic activities

Notes:
1. Source: reference (7).
2. These guidelines do not account for clothing. Although the effects of the uniform
clothing and protective equipment (i.e., American football) on sweating and body
temperature in younger athletes are unknown, uniforms should be considered when
determining playing/practice limitations based on the WBGT.
3. Eight to 10 practices are recommended for heat acclimatization (30–45 min each;
one per day or one every other day).
4. Differences of local climate and individual heat acclimatization status may allow
activity at higher levels than outlined in the table, but athletes and coaches should
consult with sports medicine staff and should be cautious when exceeding these
limits.

FIGURE 2— Environmental conditions that are critical for American

football players wearing different clothing ensembles [S refers to a

clothing ensemble of shorts, socks and sneakers; P (practice uniform)

refers to helmet, undershirt, shoulder pads, jersey, shorts, socks and

sneakers; F (full game uniform) refers to helmet, undershirt, shoulder

pads, jersey, shorts, socks, sneakers, game pants, thigh pads and knee

pads]. The zone above and to the right of each clothing ensemble (F, P, S)

represents uncompensable heat stress with rising core temperature

during exercise [redrawn with permission from reference (87); illustrates

exercise at 35% V̇O2max; uncompensable heat stress is defined in Table 2,

footnote f]. The zone below and to the left of lines F, P and S represents

compensable heat stress with heat balance possible.
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dry bulb temperature and relative humidity should be

considered in the decision to modify activity. The WBGT

is used in athletic, military, and industrial settings

(49,76,162,174) to gauge heat risk because it incorporates

measurements of radiant heat (Tbg) and air water content

(Twb). The WBGT is calculated using the following

formula (174):

WBGT ¼ ð0:7TwbÞ þ ð0:2TbgÞ þ ð0:1TdbÞ

where Twb is the wet bulb temperature, Tbg is the black

globe temperature, and Tdb is the shaded dry bulb

temperature (49). Twb is measured with a dry bulb

thermometer that is covered with a water-saturated cloth

wick. Tbg is measured by inserting a dry bulb thermometer

into a standard black metal globe. Both Twb and Tbg are

measured in direct sunlight. In this formula, Twb accounts

for 70% of the WBGT.

A portable monitor that measures the WBGT is useful to

determine heat stress on site (49,77,162,174), but cost

limits this use in many situations. Devices that measure

temperature, relative humidity and wet bulb temperature

can be purchased for less than $75. These measurements

can be mathematically converted to WBGT using share-

ware provided by a nonprofit source (177). When the

WBGT is not available, on-site ambient temperature and

relative humidity data can be applied to standardized

algorithms or charts to estimate heat risk.

The risk of EHS and exertional heat exhaustion (while

wearing shorts, socks, shoes, and a T-shirt) due to environ-

mental stress can be stratified into three activity categories,

as depicted in Table 2; these involve either continuous

activity and competition, or training and noncontinuous

activity. Large posters or signs should be displayed at the

athletic venue or along the race course, to describe the risk

of heat exhaustion and EHS. If the WBGT index is above

28-C (82-F), consideration should be given to canceling

or rescheduling continuous competitive events until less

stressful conditions prevail (117). Table 3, regarding

children, presents a modified version of a previous

publication (7). Although children have been considered

‘‘less heat tolerant’’ in the past, current data collected on

boys does not necessarily support this belief (78,148).

However, until more research is available, it is prudent to

regard children as an ‘‘at risk’’ group. The decision to

modify activity is often in the hands of coaches, who must

be willing to make safety related changes for practices and

games, based on environmental conditions.

Uniforms. Before athletes are acclimatized to heat, the

effect of uniforms on body heat storage is significant,

especially in American football. Helmets, protective pads,

gloves and garments trap heat and reduce heat dissipation.

Exercise-related metabolic heat production raises core

body temperature without a plateau and readily induces

an ‘‘uncompensable’’ heat stress situation. Athletes should

TABLE 4. Evidence-based statements, evaluated in terms of the strength of supporting scientific evidence. Criteria (column 2) are defined in the Summary section.

Level of
Evidence References

Dehydration reduces endurance exercise performance, decreases time to
exhaustion, increases heat storage.

A 11,12,16,41,57,141

Exertional heatstroke (EHS) is defined in the field by rectal temperature 940-C at
collapse and by central nervous system changes.

B 37,39,56,71,150,156,175

The following conditions increase the risk of EHS or exertional heat exhaustion:
obesity, low physical fitness level, lack of heat acclimatization, dehydration, a
previous history of EHS, sleep deprivation, sweat gland dysfunction, sunburn,
viral illness, diarrhea, or certain medications.

B 14,22,45,55,60,66,69,85,99,149,150,164,173

Physical training and cardiorespiratory fitness reduce the risk of EHS. C 17,29,59,122,124,152
Cold water immersion provides the fastest whole body cooling rate and the lowest
morbidity and mortality for EHS.

A 2,13,14,43,44,47,48,49,63,68,72,82,83,85,111,125,134,149,175

When water immersion is unavailable, ice water towels/sheets combined with ice
packs on the head, trunk, and extremities provide effective but slower whole
body cooling.

C

Dehydration and high body mass index increase the risk of exertional heat
exhaustion.

B 17,29,59,122,124,152

10–14 days of exercise training in the heat will improve heat acclimatization and
reduce the risk of EHS.

B 14,17,85,175

10–14 days of exercise training in the heat will improve heat acclimatization and
reduce the risk of exertional heat exhaustion.

B 14,17,85,175

EHS casualties may return to practice and competition when they have
reestablished heat tolerance.

B 14,38,55,56,81,103,138

Ear (i.e., aural), oral, skin, temporal, and axillary temperature measurements
should not be used to diagnose or distinguish EHS from exertional heat
exhaustion.

B 18,36,39,134,135

Early symptoms of EHS include clumsiness, stumbling, headache, nausea,
dizziness, apathy, confusion, and impairment of consciousness.

B 71,85,149,161

Practice and competition should be modified on the basis of air temperature,
relative humidity, sun exposure, heat acclimatization status, age, and equipment
requirements by decreasing the duration and intensity of exercise and by
removing clothing.

C 38,49,108,157,174

Athletes should exercise with a partner in high-risk conditions, each being
responsible for monitoring the other’s well being.

C 49,128,157
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remove as much protective equipment as possible to permit

heat loss and to reduce the risks of hyperthermia,

especially during acclimatization. Figure 2 demonstrates

uncompensable heat stress in varying hot environments; it

can guide coaches and athletes who select the practice

uniform for a range of environmental conditions.

The National Collegiate Athletic Association (NCAA)

regulates the introduction and use of protective padding for

collegiate football players to aid heat acclimatization (107,

108). The current regulations allow players to wear helmets

during the first 2 d of practice, helmets and shoulder pads

during days 3 and 4, and the full uniform after the fifth day.

These regulations also reduce the number and duration of

workouts during the initial 5 d of summer training to one

per day and limit ‘‘two a day’’ sessions to an every-other-day

format for the remainder of the season. Although NCAA

heat acclimatization strategies were designed for collegiate

American football players, the model (107) is also recom-

mended as a minimum standard for younger athletes.

Specific recommendations should be uniquely designed for

other age groups and sports to improve athlete safety.

Monitoring athletes across consecutive days.
Athletes practicing or competing during multiple-day and/or

multiple-session same day events in hot and humid

conditions should be monitored for signs and symptoms of

heat illness and the cumulative effects of dehydration

(3,12,41,57,141). Day-to-day body weight measurements

(40) and urine color should be used to assess progressive

dehydration and increased risk for heat illness. Replace

fluid deficits before the next practice session (40). Wireless

deep body temperature sensors transmit gastrointestinal

temperature (145) and can be used to monitor high-risk

athletes who have a history of EHS, although this is not a

practical strategy for most athletes and will pose a potential

risk for an athlete who might require an MRI.

Education. The education of athletes, coaches,

administrators, medical providers (especially on site

personnel and community emergency response teams) can

help with reduction, recognition, and treatment of heat

related illness. Counsel athletes about the importance of

being well-hydrated, well-fed, well-rested, and acclimatized

to heat. Have athletes ‘‘buddy up’’ to monitor each other for

signs of subtle changes of performance or behavior.

Evidence statement. Athletes should exercise with a

partner in high-risk conditions, each being responsible for

the other’s well being. Evidence category C.

CONCLUSION

The challenges of hot environments and exercise are

complex and difficult to fully comprehend because athletes

are variably affected during high-intensity exercise in hot-

humid environments. EHS, the most severe form of heat

illness, cannot be studied in the laboratory because the

risks of severe hyperthermia are ethically unacceptable for

human research. Thus, our knowledge depends on the

judicious field documentation of athletes who push beyond

normal physiological limits. The survival of these athletes

depends on prompt recognition and the most effective

cooling therapy (i.e., ice water immersion or rapidly

rotating ice water towels combined with ice packs) to limit

tissue exposure due to destructive hyperthermia. The

existing evidence is summarized in Table 4.

This Position Stand replaces, in part, the 1996 Position Stand
‘‘Heat and Cold Illnesses during Running,’’ Med. Sci. Sport Exerc.
28(12):i–x, 1996.
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