Heat-Related Illnesses
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Heat-related illnesses comprise a spectrum of syndromes resulting from disruption of thermoregulation in people exposed to
high environmental heat. Symptoms range from heat edema and exercise-associated muscle cramps to exercise-associated
collapse, heat exhaustion, and life-threatening heat stroke. Athletes, outdoor laborers, and military personnel are at greatest
risk. Severalintrinsic and extrinsic factors increase the risk of heat-related illness, including medical conditions, environmen-
tal factors, medication use, and inadequate acclimatization. Proper recognition
and treatment are effective in preventing adverse outcomes. Management of
the mildest forms of heat-related illness (e.g., heat edema, exercise-associated
muscle cramps) is largely supportive, and sequelae are rare. Heat exhaustion is
characterized by cardiovascular hypoperfusion and a rectal core temperature up
to 104°F without central nervous dysfunction. Mild cooling, rest, and hydration
are recommended. Heat stroke is a medical emergency in which patients present
with rectal core temperature of 105°F or greater, multiorgan damage, and cen-
tral nervous dysfunction. Ice water or cold water immersion is recommended.
Patients adequately cooled within 30 minutes have excellent outcomes. Patients
with heat stroke generally require hospitalization to monitor for medical com-
plications despite rapid cooling. People diagnosed with heat stroke or severe
heat-related illness should refrain from physical activity for at least seven days after release from medical care, then gradually
begin activity over two to four weeks. Acclimatization, adequate hydration, and avoidance of activities during extreme heat
are the most effective measures to reduce the incidence of heat-related illnesses. (Am Fam Physician. 2019;99(8):482-489.
Copyright © 2019 American Academy of Family Physicians.)

Risk Factors

Heat accumulation is the effect of combined environmental

Heat-related illness is a physiologic insult that occurs
when the body is unable to dissipate heat adequately,
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which leads to dysfunctional thermoregulation. It includes
a continuum of syndromes ranging from heat edema and
exercise-associated muscle cramps to exercise-associated
collapse, heat exhaustion, and life-threatening heat stroke."?
The latter two conditions typically manifest with an ele-
vated core body temperature.® Athletes, military personnel,
and outdoor laborers (e.g., farmers, construction workers,
firefighters) are at greatest risk. Heat-related illness is largely
preventable.**

&M This clinical content conforms to AAFP criteria for
continuing medical education (CME). See CME Quiz on
page 479.
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exposure, metabolic demands, and restricted or impaired
cooling mechanisms. When the ability to cool the body
is inadequate, core temperature rises, resulting in clinical
symptoms. Major risk factors include strenuous exercise,
exposure to high temperatures and/or humidity, lack of
acclimatization, poor physical fitness, and excessive cloth-
ing, equipment, or protective gear. Additional risk factors
include medical conditions, environmental and individual
factors, and drug or alcohol use®*® (Table 1°).

Epidemiology

The incidence of heat-related illness in U.S. high school
athletes is 1.6 cases per 100,000 athletic exposures, or
approximately 9,000 cases annually, with the highest rates
occurring during football season.’ It is the third leading
cause of death in high school athletes.”® In the U.S. Armed
Forces, there were 2,163 cases of heat-related illness and 464
cases of heat stroke in 2017, with an incidence of 1.41 and
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HEAT-RELATED ILLNESSES

0.38 cases per 1,000 person-years, respectively.!!
The incidence has gradually increased since
2014. The rate of emergency department visits
for heat-related illnesses was five per 10,000 vis-
its from 2006 to 2010 (n = 326,497); 75% of these
patients were diagnosed with heat exhaustion
and 5.4% with heat stroke.’? Approximately 12%
of these patients were admitted, and the mortal-
ity rate was 0.07%.

Thermoregulation

The hypothalamus is responsible for thermoreg-
ulation by activating receptors in the skin and
visceral organs to facilitate heat loss and main-
tain a normal core temperature. The body can
exchange heat through conduction, convection,
evaporation, and radiation. Conduction is the
transfer of heat to a cooler object through direct
contact. Convection is the transfer of heat at the
body surface by air circulation. Radiation occurs
through the transmission of electromagnetic
waves. Evaporation cools the skin surfaces when
sweat changes from a liquid to a vapor.”

At high ambient temperatures and increased
metabolic demands, evaporation of sweat is the
primary mechanism for heat dissipation. Addi-
tionally, cardiac output increases during exercise
to meet skeletal metabolic demands. Circulation
is shunted from visceral organs to the periph-
eral vessels to enhance cooling through the skin.
Evaporative sweating also decreases plasma cir-
culating volume, resulting in hypovolemia that
further impairs the body’s ability to dissipate
heat. When heat production exceeds the rate
of heat loss, core temperature steadily rises and
increases the risk of heat-related illness.®

Evaluation and Treatment

TABLE 1

Risk Factors for Heat-Related Illness

Drug and alcohol use
Alcohol

Amphetamines
Anticholinergics
Antidepressants
Antihistamines
Antipsychotics

Beta blockers
Benzodiazepines

Calcium channel blockers

Dietary supplements (primarily
through ergogenic stimulants)

Diuretics

Illicit drugs (e.g., cocaine, heroin,
phencyclidine [PCP], lysergic acid
diethylamide [LSD])

Laxatives

Lithium

Neuroleptics
Phenothiazines

Thyroid agonists
Environmental factors
Absence of adequate breaks
Absence of shelter or shade
High humidity

High temperatures

Lack of access to water

Individual factors

Age extremes (younger than
15 years or older than 65 years)

Deconditioning or sedentary
lifestyle

Excessive clothing
Inadequate sleep

Lack of acclimatization
Large muscle mass
Male sex

Obesity

Preexisting dehydration
Medical conditions
Cardiac disease

Congenital disorder (e.g., ecto-
dermal dysplasia, idiopathic
anhidrosis)

Diabetes mellitus
Previous heat injury
Recent or acute illness
Sickle cell trait

Skin abnormalities (e.g., burns,
psoriasis, eczema, radiation)

Adapted with permission from Pryor RR, Bennett BL, O'Connor FG, Young JM,
Asplund CA. Medical evaluation for exposure extremes: heat. Wilderness Environ

Med. 2015;26(4 supp!):S71.

MILD HEAT-RELATED ILLNESSES

The overall morbidity and mortality for heat-related illness
is extremely low if treatment is initiated without delay. Any
person with suspected heat-related illness should imme-
diately cease activity and move to a cool shaded or indoor
area. Excessive clothing or gear should be removed. Hyper-
thermia with altered mental status should prompt suspicion
for heat stroke. Survival in these cases depends on prompt
cooling, ideally initiated in the field. Rectal temperature
should be obtained because it is the most reliable method
of measuring core temperature.'*'* Table 2 lists the types of
heat-related illnesses with a focus on symptoms and treat-
ment recommendations.® Figure 1 provides an overview for
management of heat-related illness.®%'*1
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Heat edema, exercise-associated muscle cramps (heat
cramps), and heat rash (miliaria rubra) are the mildest
forms of heat-related illness. Heat edema is characterized by
dependent soft tissue swelling, typically involving the lower
extremities, that often resolves with leg elevation. Diuret-
ics have no role in treatment.”” Exercise-associated muscle
cramps are often triggered after prolonged or intense phys-
ical activity. Although the etiology is poorly understood,
evidence for the neuromuscular control theory is gaining
favor over the dehydration/electrolyte loss theory.!®* The
primary muscles affected are the abdominal, quadriceps,
and gastrocnemius groups.”” Treatment includes appropri-
ate isotonic fluid replacement, stretching, and massage. Heat
rash is caused when occluded pores trap sweat in the skin,

American Family Physician 483



HEAT-RELATED ILLNESSES

TABLE 2

Spectrum of Heat-Related Illnesses

Severity Type Symptoms Treatment Physiologic response
Mild Heat edema Extremity swelling, occasional Move from heat, elevate lower Cutaneous vasodilation,
facial flushing extremities; diuretics not vascular leak resulting in
indicated increased interstitial fluid
Exercise-associated  Muscle spasms, moist and cool  Move from heat, rest, leg Muscular overuse, neuro-
muscle cramps skin, normal body temperature elevation, stretching, massage, muscular hyperactivity, fluid
(heat cramps) oral electrolyte/fluid repletion and electrolyte depletion
Heat rash (miliaria Eruption of red papules or pus- Remove clothing, evapora- Vasodilation of skin vessels
rubra) tules, primarily on neck, upper tive cooling, avoid topical with obstructed sweat
extremities, trunk, and groin emollients ducts/pores from macerated
stratum corneum; second-
ary infection possible
Moderate  Exercise-associated  Lightheadedness, orthostasis, Rest in supine position, elevate Profound peripheral vasodi-
collapse (heat dizziness, transient loss of legs, oral or intravenous rehy- lation, volume depletion and
syncope) consciousness immediately dration; prolonged recovery decreased vasomotor tone,
following cessation of activity or significant cardiac risk decrease in venous return
factors should prompt further and subsequent syncope or
evaluation presyncope
Heat exhaustion Thirst, headache, fatigue, Move from heat, rest in supine Mild thermoregulatory dys-
tachycardia, weakness, ataxia, position, leg elevation, evap- function, hypovolemia with
syncope, nausea, vomiting, orative cooling, intravenous splanchnic vasoconstriction
diarrhea, cold and clammy skin,  or oral rehydration; delayed and hypotension, early mul-
core temperature 101° to 104°F response requires further tiorgan dysfunction
(38.3° to 40°C) evaluation
Severe Heat stroke Altered mental status, seizures, Move from heat; manage air- Severe thermoregulatory

coma, tachycardia, hypo-
tension, hyperventilation,
diaphoresis (skin may be wet
or dry at time of collapse), core
temperature > 105°F (40.5°C)

Information from reference 3.

resulting in erythematous papules or pustules. Skin covered
by clothing is most often affected. The rash typically resolves
after moving to a cooler environment, removing excess
clothing or gear, and drying the skin. These conditions are
self-limiting and rarely require medical attention. Patients
may return to play or work when symptoms have resolved.*

MODERATE HEAT-RELATED ILLNESSES

Exercise-associated collapse (formerly called heat syncope)
typically occurs immediately after strenuous exercise. Tran-
sient orthostatic hypotension results from volume deple-
tion, peripheral vasodilation, and decreased vasomotor
tone, leading to syncope.'*?' Treatment is largely support-
ive. Affected individuals should be placed in the supine
position with legs elevated, encouraged to drink fluids,
and cooled if there is concern for heat exhaustion or heat
stroke. Symptoms typically resolve in 15 to 20 minutes.*

484 American Family Physician

way, breathing, and circulation;

cold/ice water immersion;
intravenous rehydration; hos-
pital admission

dysfunction resulting in
endotoxin leakage, systemic
inflammatory response syn-
drome, cellular apoptosis,
and multiorgan dysfunction
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Exercise-associated collapse can be difficult to distinguish
from cardiogenic syncope. Cardiovascular risk factors, older
age, cardiac symptoms before syncope, or delayed recovery
warrants further evaluation before reengaging in activity."*
Heat exhaustion is the most common heat-related ill-
ness and is the precursor to heat stroke if not recognized
and treated. Strenuous exercise combined with exposure to
high ambient temperature effectively exceeds cardiac out-
put, resulting in presyncopal symptoms, fatigue, malaise,
gastrointestinal symptoms, cold and clammy skin despite
heavy diaphoresis, and core body temperature of 101° to
104°F (38.3° to 40°C). Mental status remains intact. Any
decline in mentation, regardless of core temperature, must
be considered heat stroke (in certain cases, core tempera-
tures may actually increase). Treatment includes cooling
(removal from heat, removal of excessive clothing, use of
fans and water mist) to a core temperature of 101°F, oral
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FIGURE 1

Patient suspected of having heat-related illness

Altered mental status?

No
Heat-related illness
Mild ‘ Moderate
Exercise-associated Exercise-associated
muscle cramps collapse (heat syncope)

Supine with legs
elevated, oral or intra-
venous rehydration

Rest, leg elevation,
stretching, massage,
oral rehydration

Supine with legs
elevated, oral or intra-
venous rehydration i

Obtain rectal temperature

Heat exhaustion

Yes

Initial rectal temperature > 105°F (40.5°C)?*

l No l Yes
Consider other Q Treat for heat stroke
diagnoses (Table 3) l

Manage airway, breathing, and circulation;
cold/ice water immersion; intravenous
rehydration; monitor rectal temperature

Stop rapid cooling when
temperature < 101°F

101° to 104°F (38.3° to 40°C)

/

Initiate modest cooling;
stop when < 101°F

!

Prolonged recovery?

No Yes
Release Recommend
admission

> 105°F or symptoms deteriorate

| !

Has mental status improved?

Goto@

Consider other
diagnoses (Table 3)

’

Recommend admission

'

Anticipate and treat
systemic complications

*—|nitial temperature < 105°F or unknown may still represent heat stroke. Treat for heat stroke if clinical history is consistent with diagnosis.

Algorithm for diagnosis and treatment of heat-related illness.

Information from references 6, 8, 14, and 16.

or intravenous rehydration, and supine posture with legs
elevated. People with suspected heat exhaustion should
be evaluated and treated in the emergency department.
Targeted laboratory evaluation includes a complete blood
count, basic metabolic panel, urinalysis, liver function tests,
coagulation studies, and measurement of creatine kinase
and myoglobin levels. Imaging studies are not needed
unless clinically indicated. Most patients who remain stable
with reassuring test results can be safely discharged after
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several hours. Potential complications include electrolyte
imbalance (e.g., hypernatremia, hypokalemia), rhabdomy-
olysis, mild hepatocellular injury, and acute renal failure.
The presence of these findings is clinically termed heat
injury and often warrants admission.”

SEVERE HEAT-RELATED ILLNESSES
Heat stroke is a medical emergency manifested by a core
temperature of 105°F (40.5°C) or greater and central
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nervous system dysfunction. There are two types: exer-
tional heat stroke and classic (nonexertional) heat stroke.
This article focuses on exertional heat stroke. The patho-
physiology of heat stroke is complex and includes protein
denaturation, endotoxin release, and thermoregulatory fail-
ure, which contribute to systemic inflammatory response
syndrome (similar to septic shock) leading to multiorgan
failure and death.® Physicians should consider other poten-
tial conditions in the differential diagnosis for patients with
hyperthermia and altered mental status (Table 3).** Neuro-
logic symptoms of heat stroke include loss of consciousness,
delirium, confusion, agitation, seizures, and coma. Some
people may experience a lucid interval before central ner-
vous system deterioration.” Additional findings include hot
skin with or without diaphoresis, hypotension, tachycardia,

TABLE 3

Differential Diagnosis for Hyperthermia
with Altered Mental Status

Drug- and alcohol-associated conditions

Alcohol withdrawal syndrome

Anticholinergic adverse effects

Drug-induced fever

Drug toxicity (e.g., salicylates, stimulants)

Drug withdrawal syndrome

Malignant hyperthermia

Neuroleptic malignant syndrome

Serotonin syndrome

Endocrine abnormalities
Pheochromocytoma

Thyroid storm

Environmental effects

Heat-related illness/heat stroke

Infection
Central nervous system infection

Systemic infection (e.g., sepsis, septic shock)

Neurologic conditions
Intracranial hemorrhage

Status epilepticus

Venous thromboembolism

Pulmonary embolism

Septic deep venous thrombosis

Adapted with permission from Calvello EJ, Hu K, Khoujah D. Man-

agement of the hyperthermic patient. Br J Hosp Med (Lond). 2011,
72(10):572.
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and tachypnea. The organs most affected by elevated core
temperatures are the brain and liver,”” and prognosis is
related to the time spent in hyperthermia. Treatment begins
with maintaining the airway, breathing, and circulation, fol-
lowed by rapid cooling. When cooling is completed within
30 minutes from collapse, the mortality rate approaches
zero.”®* Patients who present to the emergency department
with a core body temperature of 105.8°F (41°C) or greater
and prolonged hyperthermia have mortality rates as high
as 80% (although this number includes patients with non-
exertional heat stroke, which has a higher mortality rate).>®

The most effective treatment modalities for heat stroke
are cold water (46° to 57°F [8° to 14°C]) and ice water (35.6°
to 41°F [2° to 5°C]) immersion, which result in cooling rates
of 0.16 to 0.26°C per minute and 0.12 to 0.35°C per minute,
respectively.®*® Patients in an air-conditioned room typi-
cally have cooling rates of 0.03 to 0.06°C per minute.” Con-
tinuous monitoring of rectal core temperature is preferred
during rapid cooling. When cold water or ice is not avail-
able, temperate water immersion (68°F [20°C]) may be an
acceptable option, with cooling rates averaging 0.11°C per
minute.* Evidence is lacking on the optimal temperature
at which cooling can be discontinued. To minimize the risk
of cardiac arrhythmias and reduce the risk of “overshoot”
hypothermia, it is recommended to cool to a core tempera-
ture of approximately 101°F, which typically is achieved in
approximately 20 minutes.'”*>>>!

Cooling measures such as wet towels, ice packs over
major arteries, fanning, or misting with water are less effec-
tive and generally not acceptable in the treatment of heat
stroke.® However, patients outside the hospital should be
cooled using any available means until more effective cool-
ing measures become available. If immediate effective cool-
ing techniques are available in the field, it is appropriate
for emergency medical services to “cool first and transfer
second” (10 to 15 minutes of ice water or cold water immer-
sion), then continue cooling during transport (e.g., with a
cold wet towel).>***%" In the military field environment, the
use of ice sheets (wet sheets stored in a cooler with ice) are
the preferred prehospital cooling method.*

A recent retrospective study compared intravenous
infusion with cold (39.2°F [4°C]) vs. ambient temperature
saline in addition to ice sheeting for the prehospital treat-
ment of military patients with heat stroke. Cold saline infu-
sion reduced hospital days and peak creatinine levels, and
normalized liver function more quickly.*> Pharmacologic
agents such as antipyretics or dantrolene (Dantrium) have
no role in the treatment of heat stroke.’

Patients who survive the neurologic phase of heat stroke
are at significant risk of rhabdomyolysis, acute respira-
tory distress syndrome, compartment syndrome, hepatic
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SORT: KEY RECOMMENDATIONS FOR PRACTICE

not possible, frequent water breaks, scheduled rest
and recovery cycles, and close monitoring is rec-
ommended. Supervisory personnel (e.g., coaches,

Clinical dati Evti_dence Ref military trainers) should be familiar with symp-
Inical recommendation rating eterences toms of heat-related illnesses and initial treat-
Ensuring adequate acclimatization, physical (o} 14 ment.*”* Medical systems in regions where the risk
fitness, and hydration, and assessing wet of heat-related illnesses is high are encouraged to
bulb globe temperature or heat index before use evidence-based standards in the care of these
outdoor activity or work reduces the risk of . . . . .
heat-related illness. patients, including prehospital recognition and
_ _ management, emergency department treatment,
Patients with heat stroke should be cooled.tola © 25 and inpatient treatment of complications.ls
core body temperature of 101°F (38.3°C) within Chall ist f h . fh
30 minutes after recognition of symptoms. allenges exist for the preventlon 0 eat-
related illnesses in older adults and homeless
Rectal temperature is the recommended c 14,15 people. Older patients are at increased risk of
method for obtaining core body temperature ti 1 heat strok ticularly duri
to assist in diagnosing heat stroke. nor%exer lona €al stroke, particularly urlr'lg
periods of extreme temperatures. Comorbid
Ice water and cold water immersion are the B 25, 26, 28 medical conditions, medication use, and lack of

most effective cooling modalities in the treat-
ment of heat stroke.

A = consistent, good-quality patient-oriented evidence; B = inconsistent or limited-
quality patient-oriented evidence; C = consensus, disease-oriented evidence,
usual practice, expert opinion, or case series. For information about the SORT

evidence rating system, go to https://www.aafp.org/afpsort

dysfunction, acute renal failure, electrolyte abnormalities, or

disseminated intravascular coagulopathy. Hospital admis-

sion is recommended for ongoing treatment and observation.®
Although there is insufficient evidence on the optimal

timing of return to activity after heat stroke, the American

College of Sports Medicine recommends the following:**>*

« No exercise for at least seven days after release from med-
ical care

o Follow-up at one week for physical examination and
repeat laboratory testing, or diagnostic imaging of affected
organs based on the physician’s evaluation

o When cleared for activity, begin exercise in a cool envi-
ronment and gradually increase the duration, intensity,
and heat exposure over two weeks to acclimatize

o Clear the athlete for full competition if heat tolerant after
two to four weeks of full training

 Consider a heat tolerance test if vigorous activity is not
accomplished or if symptoms return.

Prevention

Most heat-related illnesses can be avoided or minimized.
The National Athletic Trainers’ Association and the Ameri-
can College of Sports Medicine endorse similar recommen-
dations for the prevention of heat-related illnesses."*> Key
strategies include acclimatization; adequate hydration; wear-
ing loose-fitting, light-colored clothing; and avoidance of
activities during extreme temperatures. When avoidance is
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air conditioning compound the problem. Fam-
ily or caretakers are encouraged to visit often,
ensure adequate water intake, verify operable air
conditioning, and assess for signs or symptoms of
heat-related illness.” Cities should create contin-
gency plans for heat waves, including provision of
shelters, providing established water sources, and
optimizing medical care for homeless persons.*

Wet bulb globe temperature meters are affordable and eas-
ily available. These devices take into account temperature,
humidity, and direct radiant sunlight to measure environ-
mental heat stress, allowing trainers to plan events to avoid
excessive heat. Figure 2 shows a wet bulb globe temperature
chart.”” Heat index charts can also be used, but these are
calculated for shady areas, limiting their usefulness when
activities are conducted in direct sunlight.

This article updates previous articles on this topic by Becker and
Stewart'®; Glazers®; Wexler®®; and Barrow and Clark.*®
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FIGURE 2

0 58.6 74.3
5 59.6 76.4
10 60.7
15 61.7
20 62.7
25 63.8
30 64.8
35 65.6
40 66.7
45 67.5
50 68.4
55 69.3
60 70.1
65 70.9
70 717
75 72.4
80 73.2
85 74.0
90 74.7
95 75.5
100 76.1

Temperature Category

Relative Temperature (°F)
humidity
(%) 680 716 752 788 824 86.0 896 932 968 1004 104.0 1076 111.2 1148 1184 122.0

76.4

Risk level

B 77 0819F 25°10277°C)  Caution
82° to 84.9°F (27.8° to 29.4°C) Extreme caution

85° to 88.9°F (29.5° to 31.6°C) Danger
> 89°F (= 31.7°C) Extreme danger

Possible fatigue with prolonged exposure
Heat-related illness possible with long exposure
Heat stroke possible, heat-related illness likely

High risk of heat stroke

atmospheric pressure of 1 ATA (760 mm Hg).

N

Wet bulb globe temperature based on temperature and humidity, assuming a clear sky (maximum solar load) and

Adapted with permission from Ariel’s Checklist. WBGT chart. https.//arielschecklist.com/wbgt-chart. Accessed September 13, 2018.

/

Data Sources: We searched OvidSP, PubMed, Essential Evidence
Plus, the National Guideline Clearinghouse, UpToDate, and U.S.
Preventive Services Task Force website using the key words
heat-related illness, heat syncope, hyperthermia, heatstroke,

heat exhaustion, heat illness, epidemiology, treatment, heat 2.

cramps, treatment, mortality, heat injury, cold water immersion,
and cooling. Search dates: March 2, 2018, to February 16, 2019.
The opinions and assertions contained herein are the private
views of the authors and are not to be construed as official or as
reflecting the views of the U.S. Army Medical Department or the
U.S. Army Service at large.
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