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Summary

Many recreational and elite runners participate in distance races each
year. When these events are conducted in hot or cold conditions, the risk
of environmental illness increases. However, exertional hyperthemia, hy-
pothermia, dehydration, and other related problems may be minimized
with pre-event education and preparation. This position stand provides
recommendations for the medical director and other race officials in the
following areas: scheduling; organizing personnel, facilities, supplies, equip-
ment, and communications providing competitor education; measuring
environmental stress; providing fluids; and avoiding potential legal liabili-
ties. This document also describes the predisposing conditions, recogni-
tion, and treatment of the four most common environmental illnesses: heat
exhaustion, heatstroke, hypothermia, and frostbite. The objectives of this
position stand are: 1) To educate distance running event officials and par-
ticipants about the most common forms of environmental illness including
predisposing conditions, warning signs, susceptibility, and incidence re-
duction. 2) To advise race officials of their legal responsibilities and poten-
tial liability with regard to event safety and injury prevention. 3) To recom-
mend that race officials consult local weather archives and plan events at
times likely to be of low environmental stress to minimize detrimental ef-
fects on participants. 4) To encourage race officials to warm participants
about environmental stress on race day and its implications for heat and
cold illness. 5) To inform race officials of preventive actions that may re-
duce debilitation and environmental illness. 6) To describe the personnel,
equipment, and supplies necessary to reduce and treat cases of collapse
and environmental illness.

Introduction

This document replaces the position stand titled The Prevention of Ther-
mal Injuries During Distance Running (4). It considers problems that may
affect the extensive community of recreational joggers and elite athletes
who participate in distance running events. It has been expanded to in-
clude heat exhaustion, heatstroke, hypothermia, and frostbite–the most
common environmental illnesses during races.
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Because physiological responses to exercise in stressful environments
may vary among participants, and because the health status of partici-
pants varies from day to day, compliance with these recommendations
will not guarantee protection from environmentally induced illnesses. Nev-
ertheless, these recommendations should minimize the risk of exertional
hyperthermia, hypothermia, dehydration, and resulting problems in dis-
tance running and other forms of continuous athletic activity such as bi-
cycle, soccer, and triathlon competition.

Managing a large road race is a complex task that requires financial
resources, a communication network, trained volunteers, and teamwork.
Environmental extremes impose additional burdens on the organizational
and medical systems. Therefore, it is the position of the American College
of Sports Medicine that the following RECOMMENDATIONS be employed
by race managers and medical directors of community events that involve
prolonged or intense exercise in mild and stressful environments.

1. Race Organization
a. Distance races should be scheduled to avoid extremely hot and

humid and very cold months. The local weather history should be
consulted when scheduling an event. Organizers should be cau-
tious of unseasonably hot or cold days in early spring or late fall
because entrants may not be sufficiently acclimatized. The wind chill
index should be used to reschedule races on cold, windy days be-
cause flesh may freeze rapidly and cold injuries may result.

b. Summer events should be scheduled in the early morning or the
evening to minimize solar radiation and air temperature. Winter
events should be scheduled at midday to minimize the risk of cold
injury.

c. The heat stress index should be measured at the site of the race
because meteorological data from a distant weather station may
vary considerably from local conditions (66). The wet bulb globe
temperature (WBGT) index is widely used in athletic and industrial
settings [see Appendix I;(87)]. If the WBGT index is above 28 °C (82
°F), or if the ambient dry bulb temperature is below -20 °C (-4 °F),
consideration should be given to canceling the race or rescheduling
it until less stressful conditions prevail. If the WBGT index is below
28 °’C, participants should be alerted to the risk of heat illness by
using signs posted at the start of the race and at key positions along
the race course [see Appendix I;(61)]. Also, race organizers should
monitor changes in weather conditions. WBGT monitors can be
purchased commercially, or Figure I may be used to approximate
the risk of racing in hot environments based on air temperature and
relative humidity. These two measures are available from local me-
teorological stations and media weather reports, or can be mea-
sured with a sling psychrometer.

d. An adequate supply of fluid must be available before the start of the
race, along the race course, and at the end of the event. Runners
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should be encouraged to replace their sweat losses or consume
150-300 ml (5.3-10.5 oz) every 15 minutes (3). Sweat loss can be
derived by calculating the difference between pre and postexercise
body weight.

Figure 1 Risk of heat exhaustion or heatstroke while racing in hot environments.
Figure drawn from data presented in American College of Sports Medi-
cine Position stand: the prevention of thermal injuries during distance
running. Med. Sci. Sports Exerc. 19:529-533, 1987.

e. Cool or cold (ice) water immersion is the most effective means of
cooling a collapsed hyperthermic runner (25, 48, 49, 59, 88). Wet-
ting runners externally by spraying or sponging during exercise in a
hot environment is pleasurable but does not fully attenuate the rise
in body core temperature (14, 88). Wetting the skin can result in
effective cooling once exercise ceases.

f. Race officials should be aware of the warning signs of an impend-
ing collapse in both hot and cold environments and should warn
runners to slow down or stop if they appear to be in difficulty.

g. Adequate traffic and crowd control must be maintained along the
course at all times.

h. Radio communication or cellular telephones should connect vari-
ous points on the course with an information processing center to
coordinate emergency responses.
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2. Medical Director
A sports medicine physician should work closely with the race director to
enhance the safety and provide adequate medical care for all participants.
The medical director should understand exercise physiology, interpreta-
tion of meteorological data, heat and cold illness prevention strategies,
potential liability, and the treatment of medical problems associated with
endurance events conducted in stressful environments.

3. Medical Support
a. Medical organization and responsibility: The medical director should

alert local hospitals and ambulance services and make prior arrange-
ments to care for casualties, including those with heat or cold injury.
Medical personnel should have the authority to evaluate, examine,
and stop runners who display signs of impending illness or collapse.
Runners should be advised of this procedure prior to the event.

b. Medical facilities: Medical support staff and facilities must be avail-
able at the race site. The facilities should be staffed with personnel
capable of instituting immediate and appropriate resuscitation mea-
sures. The equipment necessary to institute both cooling therapy
(ice packs, child’s wading pools filled with tap water or ice water,
fans) and warming therapy (heaters, blankets, hot beverages) may
be necessary at the same event. For example, medical personnel
treated 12 cases of hyperthermia and 13 cases of hypothermia at
an endurance triathlon involving 2300 competitors: air temperature
was 85°F, water temperature was 58°F (92).

4. Competitor Education
The physical training and knowledge of competitive runners and joggers
has increased greatly, but race organizers must not assume that all par-
ticipants are well prepared or informed about safety. Distributing this posi-
tion stand before registration, publicizing the event in the media, and con-
ducting clinics or seminars before events are valuable educational proce-
dures.

a. All participants should be advised that the following conditions may
exacerbate heat illness: obesity (13, 39, 89), low degree of physical
fitness (30, 63, 79, 83), dehydration (23, 34, 69, 83, 84, 95), lack of
heat acclimatization (31, 51, 89), a previous history of heat stroke
(82, 89), sleep deprivation (5), certain medications, including diuret-
ics and antidepressants (31), and sweat gland dysfunction or sun-
burn (31). Illness 1 week prior to an event should preclude partici-
pation (32, 96), especially those involving fever, respiratory tract
infections, or diarrhea (41, 46).

b. Prepubescent children sweat less than adults and have lower heat
tolerance (11, 12).

c.  Adequate training and fitness are important for full enjoyment of the
event and will reduce the risk of heat illness and hypothermia (33,
64, 67, 85).
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d. Prior training in the heat will promote heat acclimatization (6) and
thereby reduce the risk of heat illness, especially if the training envi-
ronment is warmer than that expected during a race (5, 51). Artificial
heat acclimatization can be induced in cold conditions (6).

e. Adequate fluid consumption before and during the race can reduce
the risk of heat illness, including disorientation and irrational behav-
ior, particularly in longer events such as a marathon (23, 34, 95).

f. Excessive consumption of pure water or dilute fluid (i.e., up to 10
liters per 4 hours) during prolonged endurance events may lead to a
harmful dilutional hyponatremia (60), which may involve disorienta-
tion, confusion, and seizure or coma. The possibility of hyponatre-
mia may be the best rationale for inclusion of sodium chloride in
fluid replacement beverages (3).

g. Participants should be advised of the early symptoms of heat ill-
ness, which may include clumsiness, stumbling, headache, nau-
sea, dizziness, apathy, confusion, and impairment of consciousness
(41,86).

h. Participants should be advised of the early symptoms of hypothemia
(slurred speech, ataxia, stumbling gait) and frostbite (numbness,
burning, pain, paresthesia) on exposed skin (36). Wet clothing, es-
pecially cotton, increases heat loss and the risk of hypothermia (68).

i. Participants should be advised to choose a comfortable running
speed and not to run faster than environmental conditions or their
cardiorespiratory fitness warrant (43, 71, 91).

j. It is helpful if novice runners exercise with a partner, each being
responsible for the other’s well-being (71).

5. Responsibilities and Potential Liability
The sponsors and directors of an endurance event are reasonably safe
from liability due to injury if they avoid gross negligence and willful mis-
conduct, carefully inform the participants of hazards, and have them sign
waivers before the race (78). However, a waiver signed by a participant
does not totally absolve race organizers of moral and/or legal responsibil-
ity. It is recommended that race sponsors and directors: 1) minimize haz-
ards and make safety the first concern; 2) describe inherent hazards (i.e.,
potential course hazards, traffic control, weather conditions) in the race
application; 3) require all entrants to sign a waiver; 4) retain waivers and
records for 3 yrs; 5) warn runners of the predisposing factors and symp-
toms of environmental illness; 6) provide all advertised support services;
7) legally incorporate the race or organizations involved; and 8) purchase
liability insurance (18, 78, 80).

Race directors should investigate local laws regarding Good Samari-
tan action. In some states physicians who do not accept remuneration
may be classified as Good Samaritans. Race liability insurance may not
cover physicians (78), therefore the malpractice insurance policy of each
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participating physician should be evaluated to determine if it covers ser-
vices rendered at the race.

Medical and race directors should postpone, reschedule, or cancel a
race if environmental conditions warrant, even though runners and trained
volunteers arrive at the site and financial sponsorship has been provided.
Runners may not have adequate experience to make the decision not to
compete; their safety must be considered. Downgrading the race to a “fun
run” does not absolve race supervisors from their responsibility or de-
crease the risk to participants (15, 66).

Background For This Position Stand

Dehydration is common during prolonged endurance events in both cold
and hot environmental conditions because the average participant loses
0.5-1.5 quarts (0.47-1.42 liters) of sweat, and fluid replacement is usually
insufficient (12, 42, 69). Runners may experience hyperthermia [body core
temperature above 39°C (102.2°F)] or hypothermia [body core tempera-
ture below 35°C (95°F)], depending on the environmental conditions, ca-
loric intake, fluid consumption, and clothing worn. Hyperthermia is a po-
tential problem in warm and hot weather races when the body’s rate of
heat production is greater than its heat dissipation (2). Indeed, on ex-
tremely hot days, it is possible that up to 50% of the participants may
require treatment for heat-related illnesses such as heat exhaustion and
heatstroke (1, 66). Hypothermia is more likely to occur in cold or cool-
windy conditions. Scanty clothing may provide inadequate protection from
such environments, particularly near the end of a long race when running
speed and heat production are reduced. Frostbite can occur in low air
temperature and especially when combined with high wind speed. The
race and medical directors should anticipate the above medical problems
and be capable of responding to a large number of patients with adequate
facilities, supplies, and support staff. The four most common heat and
cold illnesses during distance running are heat exhaustion, heatstroke,
hypothermia, and frostbite.

1. Heat Exhaustion
Body sweat loss can be significant in summer endurance races and may
result in a body water deficit of 6-10% of body weight (41, 95). Such dehy-
dration will reduce the ability to exercise in the heat because decreases in
circulating blood volume, blood pressure, sweat production, and skin blood
flow all inhibit heat loss (41, 81) and predispose the runner to heat ex-
haustion or the more dangerous hyperthermia and exertional heatstroke
(41, 66).

Heat exhaustion, typically the most common heat illness among ath-
letes, is defined as the inability to continue exercise in the heat (7). It
represents a failure of the cardiovascular responses to workload, high
external temperature, and dehydration (16, 41, 42). Heat exhaustion has
no known chronic, harmful effects. Symptoms may include headache,
extreme weakness, dizziness, vertigo, “heat sensations” on the head or
neck, heat cramps, chills, “goose flesh” (“goose bumps”), vomiting, nausea,



Articles

45

and irritability (41, 42). Hyperventilation, muscular incoordination, agita-
tion, impaired judgment, and confusion also may be seen. Heat syncope
(fainting) may or may not accompany heat exhaustion (41). The onset of
heat exhaustion symptoms is usually sudden and the duration of collapse
brief. During the acute stage of heat exhaustion, the patient looks ashen-
gray, the blood pressure is low, and the pulse rate is elevated. Hyperther-
mia may add to the symptoms of heat exhaustion, even on relatively cool
days (20, 22, 30, 37, 38, 43, 62, 90).

Although it is improbable that all heat exhaustion cases can be avoided,
the most susceptible individuals are those who either exert themselves at
or near their maximal capacities, are dehydrated, not physically fit, and
not acclimatized to exercise in the heat. It is imperative that runners be
adequately rested, fed, hydrated, and acclimatized (7); they should drink
ample fluids before, during, and after exercise (3). Also, repeated bouts of
exercise in the heat (heat acclimatization) reduce the incidence of both
heat exhaustion and heat syncope. Heat acclimatization can best be ac-
complished by gradually increasing the duration and intensity of exercise
training during the initial 10-14 d of heat exposure (6).

Oral rehydration is preferred for heat exhaustion patients who are con-
scious, coherent, and without vomiting or diarrhea. Intravenous (IV) fluid
administration facilitates rapid recovery (42, 57). Although a variety of IV
solutions have been used at races (42), a 5% dextrose sugar in either
0.45% saline (NACI) or 0.9% NaCl are the most common (1). Runners
may require up to 4 1 of IV fluid if severely dehydrated (57).

2. Exertional Heatstroke
Heat production, mainly from muscles, during intense exercise is 15-20
times greater than at rest, and is sufficient to raise body core temperature
by 1°C (1.8°F) each 5 minutes without thermoregulatory (heat loss) ad-
justments (56). When the rate of heat production exceeds that of heat loss
for a sufficient period of time, severe hyperthermia occurs.

Heatstroke is the most serious of the syndromes associated with ex-
cess body heat. It is defined as a condition in which body temperature is
elevated to a level that causes damage to the body’s tissues, giving rise to
a characteristic clinical and pathological syndrome affecting multiple or-
gans (32, 83). After races, adult core (rectal) temperatures above 40.6°C
(105.1°F) have been reported in conscious runners (24, 52, 69, 74, 77),
and 42-43°C (107.6-109.4°F) in collapsed runners (72-74, 86, 90). Sweating
is usually present in runners who experience exertional heatstroke (87).

Strenuous physical exercise in a hot environment has been notorious
as the cause of heatstroke, but heatstroke also has been observed in
cool-to-moderate [13-28°C (55-82°F)] environments (5, 32, 74), suggest-
ing variations in individual susceptibility (5, 31, 32). Skin disease, sun-
burn, dehydration, alcohol or drug use/abuse, obesity, sleep loss, poor
physical fitness, lack of heat acclimatization, advanced age, and a previ-
ous heat injury all have been theoretically linked to increased risk of heat-
stroke (5, 31, 51, 84). The risk of heatstroke is reduced if runners are well-
hydrated, well-fed, rested, and acclimatized. Runners should not exercise
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if they have a concurrent illness, respiratory infection, diarrhea, vomiting,
or fever (5, 7, 46). For example, a study of 179 heat casualties at a 14-km
race showed that 23% reported a recent gastrointestinal or respiratory
illness (70), whereas a study of 10 military heatstroke patients reported
that three had a fever or disease and six recalled at least one warning sign
of impending illness at the time of their heatstroke (5).

Appropriate fluid ingestion before and during prolonged running can
minimize dehydration and reduce the rate of increase in body core tem-
perature (24, 34). However, excessive hyperthermia may occur in the ab-
sence of significant dehydration, especially in races of less than 10 km,
because the fast pace generates greater metabolic heat (90).

The mortality rate and organ damage due to heatstroke are propor-
tional to the length of time between core temperature elevation and initia-
tion of cooling therapy (5, 26). Therefore, prompt recognition and cooling
are essential (1, 5, 22, 42, 48, 51, 62, 74, 83). A measurement of deep
body temperature is vital to the diagnosis, and a rectal temperature should
be measured in any casualty suspected of having heat illness or hypoth-
ermia. Ear (tympanic), oral, or axillary measurements are spuriously af-
fected by peripheral (skin) and environmental temperatures and should
not be used after exercise (8, 75, 76). When cooling is initiated rapidly,
most heatstroke patients recover fully with normal psychological status
(79), muscle energy metabolism (65), heat acclimatization, temperature
regulation, electrolyte balance, sweat gland function, and blood constitu-
ents (5).

Many whole-body cooling techniques have been used to treat exertional
heatstroke, including water immersion, application of wet towels or sheets,
warm air spray, helicopter downdraft, and ice packs to the neck, under-
arm, and groin areas. There is disagreement as to which modality pro-
vides the most efficient cooling (7, 47, 97), because several methods have
been used successfully. However, the fastest whole-body cooling rates
(25, 48, 49, 59, 88) and the lowest mortality rates (25) have been ob-
served during cool and cold water immersion. Whichever modality is uti-
lized it should be simple and safe, provide great cooling power, and should
not restrict other forms of therapy (i.e., cardiopulmonary resuscitation,
defibrillation, IV cannulation). The advantages and disadvantages of vari-
ous cooling techniques have been discussed (47, 75, 97).

Heatstroke is regarded as a medical emergency that might be fatal if
not immediately diagnosed and properly treated. Early diagnosis is of ut-
most importance and time-consuming investigation should be postponed
until body temperature is corrected and the patient is evacuated to a nearby
medical facility that is aware of such conditions.

3. Hypothermia
Hypothermia [body core temperature below 36°C (97 °F)] occurs when
heat loss is greater than metabolic heat production (94). Early signs and
symptoms of hypothermia include shivering, euphoria, confusion, and
behavior similar to intoxication. Lethargy, muscular weakness, disorienta-
tion, hallucinations, depression, or combative behavior may occur as core
temperature continues to fall. If body core temperature falls below 31.1°C
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(88°F), shivering may stop and the patient will become progressively de-
lirious, uncoordinated, and eventually comatose if treatment is not pro-
vided (10).

During cool or cold weather marathons, the most common illnesses
are hypothermia, exhaustion, and dehydration. The most common medi-
cal complaints are weakness, shivering, lethargy, slurred speech, dizzi-
ness, diarrhea, and thirst (1, 45). Runner complaints of feeling hot or cold
do not always agree with changes in rectal temperature (74). Dehydration
is common in cool weather (1, 45). Runners should attempt to replace
fluids at a rate that matches their sweat and urine losses. Cases of hypo-
thermia also occur in spring and fall because weather conditions change
rapidly and runners wear inappropriate clothing that becomes sweat-
soaked during training or competition (19).

Hypothermia may occur during races, for example when distance run-
ners complete the second half of the event more slowly than the first half
(54). Evaporative and radiative cooling increase because wet skin (from
sweat, rain, or snow) and clothing are exposed to higher wind speed at a
time when metabolic heat production decreases. Hypothermia also oc-
curs after a race, when the temperature gradient between the body sur-
face and the environment is high. Subfreezing ambient temperatures need
not be present and hypothermia may develop even when the air tempera-
ture is 10-18°C (50-65°F) (19, 36, 74). A WBGT meter can be used to
evaluate the risk of hypothermia (see Appendix 1). Cold wind increases
heat loss in proportion to wind speed; i.e., wind chill factor. The relative
degree of danger can be assessed (Fig. 2) (55). Wind speed can be esti-
mated; if you feel the wind in your face the speed is at least 16 km per
hour-1 (kph) [10 miles per hour-1 (mph)]; if small tree branches move or if
snow and dust are raised, approximately 32 kph (20 mph); if large tree
branches move, 48 kph (30 mph); if an entire tree bends, about 64 kph (40
mph) (9).

To reduce heat loss, runners should protect themselves from moisture,
wind, and cold air by wearing several layers of light, loose clothing that
insulate the skin with trapped air (17). An outer garment that is windproof,
allows moisture to escape, and provides rain protection is useful. Light-
weight nylon parkas may not offer thermal insulation but offer significant
protection against severe wind chill, especially if a hood is provided. Wool
and polyester fabrics retain some protective value when wet; cotton and
goose down do not (10). Areas of the body that lose large amounts of heat
(head, neck, legs, hands) should be covered (17).

Mild [34-36°C (93-97°F)] or moderate [30-34°C (86-93°F)] hypother-
mia should be treated before it progresses. Wet clothing should be re-
placed with dry material (sweatsuit, blanket) that is insulated from the
ground and wind. Warm fluids should be consumed if patients are con-
scious, able to talk, and thinking clearly. Patients with moderate and se-
vere [<30°C (86°F)] hypothermia should be insulated in a blanket and
evacuated to a hospital immediately (19, 58). Although severe hypother-
mia should be treated in the field (27), it is widely recognized that life-
threatening ventricular fibrillation is common in this state and may be initiated
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by physical manipulation, chest compression, or intubation (10, 27, 58,
93). However, with conclusive evidence of cardiac standstill and breath-
lessness, emergency procedures (i.e., Basic Life Support, Advanced Car-
diac Life Support) should be initiated. Life-support procedures (27) and
commonly observed laboratory (i.e., electrolyte, acid-base) values (10,
58) have been described by others.

4. Frostbite
Frostbite involves crystallization of fluids in the skin or subcutaneous tis-
sue after exposure to subfreezing temperatures [< -0.6°C (31°F)]. With
low skin temperature and dehydration, cutaneous blood vessels constrict
and circulation is attenuated because the viscosity of blood increases (55).
Frostbite may occur within seconds or hours of exposure, depending upon
air temperature, wind speed, and body insulation. Frostbitten skin can
appear white, yellow-white, or purple, and is hard, cold, and insensitive to
touch (55). Rewarming results in intense pain, skin reddening, and swell-
ing. Blister formation is common and loss of extremities (fingers, toes,
ears, hands, feet) is possible (36, 55). The degree of tissue damage de-
pends on duration and severity of the freezing and effectiveness of treatment.

No data have been published regarding the incidence of frostbite among
athletes during training or competition. Since winter running races are rarely
postponed when environmental conditions are harsh, and frostbite is the
most common cold injury in military settings (35), it is imperative that run-
ners be aware of the dangers. Crosscountry ski races are postponed if the

Wind Chill Chart

AIR
TEMPER- ESTIMATED WIND SPEED IN MPH (KPH)
ATURE 0 (0) 10 (16) 20 (32) 0 (48)

30F 30 16 4 -2
(-1.l C) (1.1) (-8.9) (-15.6) (-18.9) LITTLE
20 F 20 4 -10 -18 RISK

(-6.7 C) (-6-7) (-15.6) (-23-3) (-27.8)

10F 10 -9 -25 -33
(12.2 C) (-12.2) (-22.8) (-31.7) (-36.1) INCREASED

0 F 0 -24 -39 -48  RISK
(-17.8 C) (-17.8) (-31.1) (-39.4) (-44.4)

-10 F -10 -33 -53 -63
(-23.3 C) (-23.3) (-36.1) (-47.2) (-52.8)

-20 F -20 -46 -67 -79 GREAT
(-28.9 C) (-28.9) (-43.3) (-55) (-61.7) RISK

Figure 2Figure 2Figure 2Figure 2Figure 2 The risk of freezing exposed flesh in cold environments.
Reprinted from Milesko-Pytel, D. Helping the frostbitten patient. Patient Care
17:90-115, 1983.
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temperature at the coldest point of the course is less than -20 °C (-4 °F),
due to the severe wind chill generated at race pace.

Runners risk frozen flesh within minutes if the air temperature and wind
speed combine to present a severe wind chill. Because runners prefer to
have unrestricted movement during races, and because they know that
exercise results in body heating, they may not wear sufficient clothing.
Runners can avoid frostbite and hypothermia in cold and windy conditions
by protecting themselves by dressing adequately: wet skin or clothing will
increase the risk of frostbite (21, 29).

When tissue freezes [skin temperature -2 ° -O °C, (28-32 °F)], water is
drawn out of the cells and ice crystals cause mechanical destruction of
skin and subcutaneous tissue (36). However, initial ice crystal formation is
not as damaging to tissues as partial rethawing and refreezing (40). There-
fore, the decision to treat severe frostbite in the field (versus transport to a
hospital) should consider the possibility of refreezing. If there is no likeli-
hood of refreezing, the tissue should be rapidly rewarmed (36, 40) in cir-
culating warm water (40-43.3 °C, 104-110 °F), insulated, and the patient
transported to a medical facility. Research on animals suggests that topi-
cal aloe vera and systemic ibuprofen may reduce tissue damage and speed
rehabilitation in humans (9). Other aspects of hospital treatment protocols
are detailed elsewhere (9, 36, 40).

Race Organization

The following suggestions constitute the ideal race medical team. They
are offered for consideration, but are not intended as absolute require-
ments. Staff and equipment needs are unique to each race and may be
revised after 1-2 yr, in light of the distinctive features of each race. De-
pending on the weather conditions, 2-12% of all entrants will typically en-
ter a medical aid station (1, 45, 50, 74).

1. Medical Personnel
a. Provide medical assistance if the race is 10 km (6.2 miles) or longer.

b. Provide the following medical personnel per 1,000 runners: 1-2 phy-
sicians, 4-6 podiatrists, 1-4 emergency medical technicians, 2-4
nurses, 3-6 physical therapists, 3-6 athletic trainers, and 1-3 assis-
tants. Approximately 75% of these personnel should be stationed at
the finish area. Recruit one nurse (per 1,000 runners) trained in IV
therapy.

c. Recruit emergency personnel from existing organizations (police,
fire-rescue, emergency medical service).

d. One physician and 10-15 medical assistants serve as the triage team
in the finish chute. Runners unable to walk are transported to the
medical tent via wheelchair, litter, or two-person carry.

e. Consider one or two physicians and two to four nurses trained in the
rehabilitative medical care of wheelchair athletes.
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f. Medical volunteers should attend a briefing prior to the event to
meet their supervisor and receive identification tags, weather fore-
cast, instructions, and schedules. Supervisors from the following
groups should be introduced: medical director; podiatry, nursing,
physical therapy, athletic training, medical records, triage, wheel-
chair athlete care, and medical security (optional: chiropractic,
massage therapy). Medical volunteers should be distinguished
from other race volunteers; luminous/distinctive vests, coats, or
hats work well.

2. Medical Aid Stations
a. Provide a primary medical aid station (250-1,500 ft2 (23-139 m2) for

each 1,000 runners; see Table 1) at the finish area, with no public
access. Place security guards at all entrances with instructions re-
garding who can enter.

b. Position secondary medical aid stations along the route at 2- to 3-
km (1.2- to 1.9-mile) intervals for races over 10 km, and at the half-
way point for shorter races (see Table 1). Some race directors have
successfully secured equipment and medical volunteers from mili-
tary reserve or national guard medical units, the American Red Cross,
and the National Ski Patrol.

c. Station one ambulance per 3,000 runners at the finish area and one
or more mobile emergency response vehicles on the course. Staff
each vehicle with a nurse and radio person or cellular telephone.
Stock each vehicle with a medical kit, automatic defibrillator, IV ap-
paratus. blankets, towels, crushed ice, blood pressure cuffs, rehy-
dration fluid, and cups.

d. Signs should be posted at the starting line and at each medical aid
station to announce the risk of heat illness or cold injury (see Ap-
pendix 1).

e. A medical record card should be completed for each runner who
receives treatment (1,74). This card provides details that can be
used to plan the medical coverage of future events.

f. Provide personal protective equipment (gloves, gowns, face shields,
eye protection) and hand washing facilities.

g. Provide portable latrines and containers for patients with vomiting
and diarrhea.

h. Initial medical assessment must include rectal (not oral, aural, or
axillary temperature; see ref. 8, 76), central nervous system func-
tion, and cardiovascular function. Rehydration and cooling or warm-
ing are the cornerstones of treatment (32, 41, 42, 50, 74, 94).
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Medical aid stations
Secondary  Primary

Item Aid Station Aid Station

Stretchers (at 10 km and beyond) 2-5 4-10
Cots 10 30
Wheelchairs 0 1
Wool blankets (at 10 km and beyond) 6-10 12-20
Bath towels 5-10 10-20
High and low temperature rectal thermometers

(37-43˚C; 99-110˚F) and (22-37˚C; 77-99˚F)d 5 10
Elastic bandages (2, 4, and 6 inch) 3 each 6 each
Gauze pads (4 x 4 inch) 1/2 case 1 case
Adhesive tape (1.5 inch) 1/2 case 1 case
Skin disinfectant 1 l 2 l
Surgical soap 1/2 case 1case
Band-aids 110 220
Moleskin 1/2 case 1 case
Petroleum jelly, ointments 1/2 case 1 case
Disposable latex gloves 80 pairs 175 pairs
Stethoscopes 1 2
Blood pressure cuffs 1 2
Intravenous (IV) stationsd 1 2
IV fluid (D5:1/2 NS or D5:NS; 0.5 or 1l)d 15e 30e

Sharps and biohazard disposal containersd 1 2
Alcohol wipes 50 100
Small instrument kits 1 1
Athletic trainer’s kit 1 1
Podiatrist’s kit 1-2 2-4
Inflatable arm and leg splints 2 each 2 each
Tables for medical supplies 1 2
Hose with spray nozzle, running watere 1 2
Wading pool for water immersiond 1 2
Fans for cooling 1 2-4
Oxygen tanks with regulators and masks 0 2
Crushed ice in plastic bags 7 kg 14 kg
Rehydration fluids 50 l 100 le

Cups (≥0.3l, 10 oz) 1250 2250
Eye drops 1 1
Urine dipsticksd 10 20
Glucose blood monitoring kitsd 1 2
Inhalation therapy for asthmaticsd 1 1
EMS ambulance or ACLS station 1 1
Injectable drugsd

Oral drugsd

Table 1 Suggested equipment and supplies per 1,000 runnersa.
a Revised from Adner, M. M., J. J. Scarlet, J. Casey, W. Robison, and 8, H. Jones. The Boston
Marathon medical care team: ten years of experience. Physician Sportsmed. 16:99-106, 1988;
Bodishbaugh, R. G. Boston marathoners get red carpet treatment in the medical tent. Physi-
cian Sportsmed. 16:139-143, 1988; and Noble, H. B. and D. Bachman. Medical aspects of
distance race planning. Physician Sportsmed. 7:78-84, 1979.
b Increase supplies and equipment if the race course is out and back.
c At finish area.
d Supervised by a physician.
e Depends on environmental conditions.
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3. Universal Precautions
All medical personnel may encounter blood-borne pathogens or other
potentially infectious materials, and should observe the following precau-
tions (53, 63):

a. Receive immunization against the hepatitis B virus prior to the event.

b. Recognize that blood and infectious body fluids may be encoun-
tered from needle sticks, cuts, abrasions, blisters, and clothing.

c. Reduce the likelihood of exposure by planning tasks carefully (i.e.,
prohibiting recapping of needles by a two-handed technique, mini-
mizing splashing and spraying).

d. Wear personal protective equipment such as gloves, gowns, face
shields and eye protection. Remove this equipment and dispose/
decontaminate it prior to leaving the work area.

e. Wash hands after removing gloves or other personal protective equip-
ment.

f. Dispose of protective coverings, needles, scalpels, and other sharp
objects in approved, labeled biohazard containers.

g. Do not eat, drink, smoke, handle contact lenses, or any cosmetics/
lip balm in the medical treatment area.

h. Decontaminate work surfaces, bins, pails, and cans [1/10 solution
of household bleach (sodium hypochlorite) in water] after comple-
tion of procedures.

4. Fluid Stations
a. At the start and finish areas provide 0.34-0.45 1 (12-16 oz) of fluid

per runner. At each fluid station on the race course (2-3 km apart),
provide 0.28-0.34 1 (10-12 oz) of fluid per runner. Provide both wa-
ter and a carbohydrate-electrolyte beverage in equal volumes.

b. In cool or cold weather [≤10˚C (50˚F)], an equivalent amount of warm
fluid should be available.

c. Number of cups (>0.3 1, 10 oz) per fluid station on the course =
number of entrants + 25% additional for spillage and double use.
Double this total if the course is out and back.

d. Number of cups at start and finish area = (2 3 number of entrants)
+ 25% additional.

e. Cups should be filled prior to the race and placed on tables to allow
easy access. Runners drink larger volumes if volunteers hand them
cups filled with fluid.

5. Communications/Surveillance
a. Provide two-way radio or telephone communication between the

medical director, medical aid stations, mobile vans, and pick-up ve-
hicles.
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b. Arrange for radio-equipped vehicles to drive the race course (ahead
and behind participants) and provide communication with the direc-
tor and his/her staff. These vehicles should be stationed at regular
intervals along the course to search the course for competitors who
require emergency care and encourage compromised runners to
stop.

c. Place radio-equipped observers along the course.

d. Notify local hospitals, police, and fire-rescue departments of the time
of the event, number of participants, location of aid stations, extent
of medical coverage, and the race course.

e. Use the emergency response system (telephone number 911) in
urban areas.

6. Instructions to Runners
a. Advise each race participant to print name, address, telephone num-

ber, and medical problems on the back of the race number (pinned
to the body). This permits emergency personnel to quickly identify
unconscious runners. Inform emergency personnel that this infor-
mation exists.

b. Inform race participants of potential medical problems at pre-race
conferences and at the starting line. Signed registration forms should
clearly state the types of heat or cold injuries that may arise from
participation in this event.

c. Provide pre-event recommendations regarding training, fluid con-
sumption, clothing selection, self-care, heat acclimatization, and
signs or symptoms of heat/cold illness (88).

d. The race director should announce the following information to all
participants by loudspeaker immediately prior to the race:

• Current and predicted maximum (or minimum) temperature,
humidity, wind speed, and cloud cover;

• The WBGT category and the risks for hyperthermia or
hypothermia (see Appendix 1);

• Location of aid stations, types of assistance, and fluid
availability;

• Signs and symptoms of heat or cold illness;

• Recommended clothing;

• The need for fluid replacement before, during, and after the race;

• The policy of race monitors to stop runners who are ill;

• A request that runners seek help for impaired competitors who
appear ill, who are not coherent, who run in the wrong direction,
or who exhibit upper-body swaying and poor competitive posture;
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• A warning to novice runners entering their first race that they
should run at a comfortable pac and run with a partner;

• Warnings to runners who are taking medications or have chronic
illnesses (asthma, hypertension, diabetes, cardiovascular problems).

This position stand replaces the 1987 ACSM position paper, “The Pre-
vention of Thermal Injuries During Distance Running.” This pronounce-
ment was reviewed for the American College of Sports Medicine by mem-
bers-at-large, the Pronouncements Committee, and by: Arthur E. Crago,
M.D., Stafford W. Dobbin, M.D., Mary L. O’Toole, Ph.D., FACSM, LTC
Katy L. Reynolds, M.D., John W. Robertson, M.D., FACSM.

References

Adner, M. M., J. J. Scarlet, J. Casey, W. Robison, and B. H. Jones. The
Boston Marathon medical care team: ten years of experience. Physi-
cian Sportsmed. 16:99-106, 1988.

Adolph, E. F. Physiology of Man in the Desert, New York; Interscience,
1947, pp. 5-43.

American College Of Sports Medicine. Position stand: exercise and fluid
replacement. Med. Sci. Sports Exerc. 28:i-vii, 1996.

American College Of Sports Medicine. Position stand: the prevention of
thermal injuries during distance running. Med. Sci. Sports Exerc. 19:529-
533, 1987.

Armstrong, L. E., J. P. De Luca, and R. W. Hubbard. Time course of recov-
ery and heat acclimation ability of prior exertional heatstroke patients.
Med. Sci. Sports Exerc. 22:36-48, 1990.

Armstrong, L. E. and C. M. Maresh. The induction and decay of heat
acclimatisation in trained athletes. Sports Med. 12:302-312, 1991.

Armstrong, L. E. and C. M. Maresh. The exertional heat illnesses: a risk of
athletic participation. Med. Exerc. Nutr. Health 2:125-134, 1993.

Armstrong, L. E.. C. M. Maresh. A. E. Crago, R. Adams, and W. Roberts.
Interpretation of aural temperatures dufing exercise, hyperthermia, and
cooling therapy. Med. Exerc. Nutr. Health 3:9-16, 1994.

Bangs, C. C., J. A. Boswick, M. P. Hamlet, D. S. Sumner, R. C. A. Weatherly-
White, and W. J. Mills. When your patient suffers frostbite. Patient Care
12:132-157, 1977.

Bangs, C., M. P. Hamlet, and W. J. Mills. Help for the victim of hypother-
mia. Patient Care 12:46-50, 1977.

Bar-Or. 0. Climate and the exercising child-a review. Int. J. Sports Med.
1:53-65, 1980.

Bar-Or, 0. Temperature regulation during exercise in children and adults.
In: Perspectives in Exercise Science and Sports Medicine, Vol. 2, Youth
Exercise and Sport, C. V. Gisolfi and D. R. Lamb (Eds.). Indianapolis:
Benchmark Press, 1989, pp. 335-367.

Bar-Or, O., H. M. Lundegren, and E. R. Buskirk. Heat tolerance of exercis-
ing lean and obese women. J. Appl. Physiol. 26:403-409, 1969.



Articles

55

Bassett, D. R., F. J. Nagle, S. Mookerjee, et al. Thermoregulatory responses
to skin wetting during prolonged treadmill running. Med. Sci. Sports
Exerc. 19:28-32, 1988.

Bodishbaugh, R. G. Boston marathoners get red carpet treatment in the
medical tent. Physician Sportsmed. 16:139-143, 1988.

Brencelmann, G. L. Dilemma of body temperature measurement. In: Man
in Stressful Enivironments: Thermal and Work Physiology, K. Shiraki
and M. K. Yousef (Eds.). Springfield, IL: Charles C Thomas, 1987, pp.
5-22.

Buckley, R. L. and R. Hostetler. The physiologic impact and treatment of
hypothermia. Med. Times 118:38-44, 1990.

Burns, J. P. Liability pertaining to endurance athletic events. In: Medical
Coverage of Endurance Athletic Events, R. H. Laird (Ed.). Columbus,
OH: Ross Laboratories, 1988, pp. 62-

Burr, L. Accidental hypothermia: always a danger. Patient Care 17:116-
153, 1983.

Buskirk, E. R., P. F. Iampietro, and D. E. Bass. Work performance after
dehydration: effects of physical conditioning and heat acclimatization.
J. Appl. Phvsio. 12:189-194, 1958.

Casey, M. J., C. Foster, and E. G. Hixon (Eds.). Winter Sports Medicine,
Philadelphia: F. A. Davis Co., 1990, pp. 1-450.

Clowes, G. H. A., Jr. and T. F. O’Donnell. JR. Heat stroke. N. Engl. J. Med.
291:564-567, 1974.

Costill, D. L., R. Cote, E. Miller, T. Miller, and S. Wynder. Water and elec-
trolyte replacement during days of work in the heat. Aviat. Space
Environ. Med. 46:795-800, 1970.

Costill, D. L., W. F. Kammer, and A. Fisher. Fluid ingestion during distance
running. Arch. Eniviron. Health 21:520-525, 1970.

Costrini, A. Emergency treatment of exertional heatstroke and compari-
son of whole body cooling techniques. Med. Sci. Sports Exerc. 22:15-
18, 1990.

Costrini, A. M., H. A. Pitt, A. B. Gustafson, and D. E. Uddin. Cardiovascu-
lar and metabolic manifestations of heatstroke and severe heat ex-
haustion. Am. J. Med. 66:296-302, 1979.

Cummins, R. 0. (Ed.). Textbook of advanced Cardiac Life Support, Dallas:
American Heart Association, 1994, pp. 10/10-10/12.

Department Of The Army. Prevention, Treatment and Control of Heat In-
jury, Washington, DC: Department of the Army, Technical Bulletin No.
TB MED 507, 1980, pp. 1-21.

Dobbin, S. W. Providing medical services for fun runs and marathons in
North America. In: Sports Medicine for the Mature Athlete, J. R. Sutton
and R. M. Brock (Eds.). Indianapolis: Benchmark Press, 1996, pp. 193-
203.

England, A. C. III, D. W. Fraser, A. W. Hightower, et al. Preventing severe
heat injury in runners: suggestions from the 1979 Peachtree Road Race
experience. Ann. Intern. Med. 97:196201, 1982.

Epstein, Y. Heat intolerance: predisposing factor or residual injury? Med.
Sci. Sports Exerc. 22:29-35, 1990.



Articles

56

Epstein, Y., E. Sohar, and Y. Shapiro. Exertional heatstroke: a preventable
condition. Isr. J. Med. Sci. 3i:454-462, 1995.

Gisolfi. C. V. and J. R. COHEN. Relationships among training, heat accli-
mation and heat tolerance in men and women: the controversy revis-
ited. Med. Sci. Sports 11:56-59, 1979.

Gisolfi, C. V. and J. R. Copping. Thermal effects of prolonged treadmill
exercise in the heat. Med. Sci. Sports 6:108-113, 1974.

Hamlet, M. An overview of medically related problems in the cold environ-
ment. Mil. Med 152:393-396, 1987.

Hamlet. M. P. Human cold injuries. In: Human Performance Physiology
and Environmental Medicine at Terrestrial Extremes, K. B. Pandolf, M.
N. Sawka, and R. R. Gonzalez (Fds.). Indianapolis: Benchmark Press,
1988, pp. 435-466.

Hanson, P. G. and S. W. Zimmerman. Exertional heatstroke in novice run-
ners. J.A.M.A. 242:154-157, 1979.

Hart, L. E., B. P. Egier, A. G. Shimizu, P. J. Tandan, and J. R. Sutton.
Exertional heat stroke: the runner’s nemesis. Can. Med. Assoc. J.
122:1144-1150, 1980.

Haymes, E. M., R. J. McCormick, and E. R. Buskirk. Heat tolerance of
exercising lean and obese prepubertal boys. J. Appl. Physiol. 39:457-
461, 1975.

Heggers, J. P., L. G. Phillips, R. L. McCauly, and M. C. Robson. Frostbite:
experimental and clinical evaluations of treatment. J. Wilderness Med.
1:27-32, 1990.

Hubbard, R. W. and L. E. Armstrong. The heat illnesses: biochemical,
ultrastructural, and fluid-electrolyte considerations. In: Human Perfor-
mance Physiology and Environmental Medicine at Terrestrial Extremes,
K. B. Pandolf, M. N. Sawka, and R. R. Gonzalez (Eds.). Indianapolis:
Benchmark Press, 1988, pp. 305-359.

Hubbard, R. W. and L. E. Armstrong,. Hyperthermia: new thoughts on an
old problem. Physician Sportsmed. 17:97-113, 1989.

Hughson, R. L., H. J. Green, M. E. Houston, J. A. Thomson, D. R. Maclean,
and J. R. Sutton. Heat injuries in canadian mass participation runs.
Can. Med. Assoc. J. 122:1141-1144, 1980.

Hughson, R. L., L. A. Standi, and J. M. Mackie. Monitoring road racing in
the heat. Physician Sportsmed. 11:94-105, 1983.

Jones, B. H., P. B. Rock, L. S. Smith, et al. Medical complaints after a
marathon run in cool weather. Physician Sportsmed. 13: 103-110, 1985.

Keren, G., Y. Epstein, and A. Magazanik. Temporary heat intolerance in a
heatstroke patient. Aviat. Space Environ. Med. 52: 116-117, 1981.

Khogali, M. The Makkah body coolina unit. In: Heat Stroke and Tempera-
ture Regulation, M. Khogali and J. R. S. Hales (Eds.). New York: Aca-
demic Press, 1983, pp. 139-148.

Khogali, M. and J. S. Weiner. Heat stroke: report on 18 cases. Lancet
2:176-278, 1980.

Kiflblock, A. J. Strategies for the prevention of heat disorders with particu-
lar reference to body cooling procedures. In: Heat Stress, J. R. S. Hales
and D. A. B. Richards (Eds.). Amsterdam: Elsevier, 1987, pp. 489-497.



Articles

57

Kleiner, D. M. and S. E. Glickman. Medical considerations and planning
for short distance road races. J. Athl. Train. 29:145-15 1, 1994.

Knochel, J. P. Environmental heat illness: an eclectic review. Arch. Intern.
Med. 133:841-864, 1974.

Maron, M. B., J. A. Wagner, and S. M. Horvath. Thermoregulatory re-
sponses during competitive distance running. J. Appl. Physiol. 42:909-
914, 1977.

Massachusetts Medical Society. Update: universal precautions for pre-
vention of transmission of Human Immunodeficiency Virus, Hepatitis
B Virus, and other bloodbome pathogens in healthcare settings. MMWR
37:377-388, 1988.

Maughan, R. J., 1. M. Light, P. H. Whiting, and J. D. B. Miller. Hypother-
mia, hyperkalemia, and marathon running. Lancet II: 1336, 1982.

Milesko-Pytel, D. Helping the frostbitten patient. Patient Care 17:90-115,
1983.

Nadel, E. R., C. B. Wenger, M. F. Roberts, J. A. J. Stolwuk, and E. Cafarflli.
Physiological defenses against hyperthermia of exercise. Ann. N. Y
Acad. Sci. 301:98-109, 1977.

Nash, H. L. Treating thermal injury: disagreement heats up. Physician
Sportsmed. 13:134-144. 1995.

Nelson, R. N. Accidental hypothermia. In: Environmental Emergencies,
R. N. Nelson, D. A. Rund, and M. D. Keller (Eds.). Philadelphia:
W. B. Saunders Co., 1985, pp. 1-40.

Noakes, T. D. Body cooling as a method for reducing hyperthermia. S.
Afr. Med. J. 70:373-374, 1986.

Noakes, T. D., N. Goodwin, B. L. Rayner, T. Branken, and R. K. N. Taylor.
Water intoxication: a possible complication during endurance exercise.
Med Sci. Sports Exerc. 17:370-375, 1985.

Noble, H. B. and D. Bachman. Medical aspects of distance race plan-
ning. Physician Sportsmed. 7:78-84, 1979.

O’Donnell, T. J., Jr. Acute heatstroke. Epidemiologic, biochemical, renal
and coagulation studies. J.A.M.A. 234:824-828, 1975.

Occupational Safety and Health Administration. Occupational exposure
to bloodborne pathogens; final rule. Fed. Register 56: 64175-64182,
1991.

Pandolf, K. B., R. L. Burse, and R. F. Goldman. Role of physical fitness in
heat acclimatization, decay and reinduction. Ergonomics 20:399-408,
1977.

Payen, J., L. Bourdon, H. Reutenauer, et al. Exertional heatstroke and
muscle metabolism: an in vivo 31 P-MRS study. Med Sci. Sports Exerc.
24:420-425, 1992.

Pearlmutter , E. M. The Pittsburgh marathon: “playing weather roulette.”
Physician Sportsmed. 14:132-138, 1986.

Piwonka, R. W., S. Robinson, V. L. Gay, and R. S. Manalis.
Preacclimatization of men to heat by training. J. Appl. Physiol. 20:379-
384, 1965.

Pugh, L. G. C. E. Cold stress and muscular exercise, with special refer-
ence to accidental hypothermia. Bi-. Med. J. 2:333-337, 1967.



Articles

58

Pugh, L. G. C. E., J. L. Corbett, and R. H. Johnson. Rectal temperatures,
weight losses and sweat rates in marathon running. J. Appl. Physiol.
23:347-352. 1967.

Richards. R. and D. Richards. Exertion-induced heat exhaustion and other
medical aspects of the city-to-surf fun runs, 1978 -1984. Med. J. Aust.
141:799-805, 1984.

Richards, R., D. Richards, P. J. Schofield, V. Ross, and J. R. Sutton. Re-
ducing the hazards in Sydney’s The Sun City-to-Surf Runs, 1971 to
1979. Med. J. Aust. 2:453-457, 1979.

Richards, D., R. Richards, P. J. Schofield, V. Ross, and J. R. Sutton. Man-
agement of heat exhaustion in Sydney’s The Sun City-to-Surf fun run-
ners. Med J. Aust. 2:457-461, 1979.

Richards, R., D. Richards, P. J. Schofield, V. Ross, and J. R. Sutton. Or-
ganization of The Sun City-to-Surf fun run, Sydney, 1979. Med. J. Aust.
2:470-474, 1979.

Roberts, W. O. Exercise-associated collapse in endurance events: a clas-
sification system. Physician Sportsmed. 17:49-55, 1989.

Roberts, W. O. Managing heatstroke: on-site cooling. Physician
Sportsmed. 20:17-28, 1992.

Roberts, W. O. Assessing core temperature in collapsed athletes. Physi-
cian Sportsmed. 22:49-55, 1994.

Robinson, S., S. L. Wiley, L. G. Boudurant, and S. Mamlin, Jr. Tempera-
ture regulation of men following heatstroke. Isr. J. Med. Sci. 12:786-
795, 1976.

Roos, R. Medical coverage of endurance events. Physician Sportsmed.
15:140-147, 1987.

Royburt, M., Y. Epstein, Z. Solomon, and J. Shemer. Long term psycho-
logical and physiological effects of heat stroke. Physiol. Behav. 54:265-
267, 1993.

Sandell, R. C., M. D. Pascoe, and T. D. Noakes. Factors associated with
collapse during and after ultramarathon footraces: a preliminary study.
Physician Sportsmed. 16:86-94, 1988.

Sawka, M. N. and K. B. Pandolf. Effects of body water loss on physiologi-
cal function and exercise performance. In: Perspectives in Exercise
Science and Sports Medicine. Vol. 3. Fluid Homeostasis During Exer-
cise, C. V. Gislofi and D. R. Lamb (Eds.). Carmel, IN: Benchmark Press,
1990, pp. 1-38.

Shapiro, Y., A. Magazanik, R. Udassin, G. Ben-Baruch, E. Shvartz, and Y.
Shoenfeld. Heat tolerance in former heatstroke patients. Ann. Intern.
Med. 90:913-916, 1979.

Shmolet, S., R. Coll, T. Gilat, and E. Sohar. Heatstroke: its clinical picture
and mechanism in 36 cases. Q. J. Med. 36:525547, 1967.

Shibolet, S., M. C. Lancaster, and Y. Danon. Heat stroke: a review. Aviat.
Space Environ. Med. 47:280-301, 1976.

Shvartz, E., Y. Shapiro, A. Magazanik, et al. Heat acclimation, physical
fitness, and responses to exercise in temperate and hot environments.
J. Appl. Physiol. 43:678-683, 1977.



Articles

59

Sutton, J. R. Heat illness. In: Sports Medicine, R. H. Strauss (Ed.). Phila-
delphia: W. B. Saunders, 1984, pp. 307-322.

Sutton, J. R. Thermal problems in the masters athlete. In: Sports Medi-
cine for the Mature Athlete, J. R. Sutton and R. M. Brock (Eds.). India-
napolis: Benchmark Press, 1986, pp. 125-132.

Sutton, J. R. Clinical implications of fluid imbalance. In: Perspectives in
Exercise Science and Sports Medicine. Vol. 3. Fluid Homeostasis Dur-
ing Exercise, C. V, Gisolfi and D. R. Lamb (Eds.). Carmel, IN: Bench-
mark Press, 1990, pp. 425-455.

Sutton, J. R. and 0. Bar-Or. Thermal illness in fun running. Am. Heart J.
100:778 -781, 1980.

Sutton, J. R., M. J. Coleman, A. P. Millar, L. Lazarus, and P. Russo. The
medical problems of mass participation in athletic competition. The
“City-to-Surf’ race. Med. J. Aust. 2:127-133, 1972.

Thompson, P. D., M. P. Stern, P. Williams, K. Duncan, W. L. Haskell, and
P. D. Wood. Death during jogging or running. A study of 18 cases.
J.A.M.A. 242:1265-1267, 1979.

Weinberg, S. The Chicago Bud Light Triathlon. In: Medical Coverage of
Endurance Athletic Events, R. H. Laird (Ed.). Columbus, OH: Ross
Laboratories, 1988, pp. 74-79.

White, J. D. and F. S. Southwick. Cardiac arrest in hypothermia. J.A.M.A.
244:2262, 1980.

Winslow, C. E. A., L. P. Herrington, and A. P. Gacge. Physiological reac-
tions of the human body to various atmospheric humidities. Am. J.
Physiol. 120:288-299, 1937.

Wyndham, C. H. and N. B. Strydom. The danger of inadequate water
intake during marathon running. S. Afr. Med. J. 43:893-896, 1969.

Yaglou, C. P. and D. Minard. Control of heat casualties at military training
centers. Arch. Ind. Health 16:302-305, 1957.

Yarbrough, B. E. and R. W. Hubbard. Heat-related illnesses. In: Manage-
ment of Wilderness and Environmental Emergencies, 2nd Ed., P. S.
Auerbach and E. C. Geehr (Eds.). St. Louis: C. V. Mosby Co., 1989,
pp. 119-143.

Appendix 1: Measurement of Environmental Stress

Ambient temperature is only one component of environmental heat or cold
stress; others are humidity, wind speed, and radiant heat. The most widely
used heat stress index is the wet bulb globe temperature (WBGT) index
(96):

WBGT = (0.7 Twb) + (0.2 Tg) + (0. 1 Tdb)

where Twb is the wet bulb temperature, Tg is the black globe tempera-
ture, and Tdb is the shaded dry bulb temperature (28). Tdb refers to air
temperature measured with a standard dry bulb thermometer not in direct
sunlight. Twb is measured with a water-saturated cloth wick over a dry bulb
thermometer (not immersed in water). Tg is measured by inserting a dry
bulb thermometer into a standard black metal globe. Both Twb and T are
measured in direct sunlight.



Articles

60

A portable monitor that gives the WBGT index in degrees Celsius or
degrees Fahrenheit has proven useful during races and in military training
(28, 44, 87, 96). The measurement of air temperature alone is inadequate.
The importance of humidity in total heat stress can be readily appreciated
because Twb accounts for 70% of the index whereas Tdb accounts for only
10%.

The risk of heat illness (while wearing shorts, socks, shoes, and a t-
shirt) due to environmental stress should be communicated to runners in
four categories (see Fig. 1):

• Very high risk: WBGT above 28°C (82°F); high risk: WBGT 23-28°C
(73-82°F);

• Moderate risk: WBGT 18-23°C (65-73°F);

• Low risk: WBGT below 18°C (65°F).

Large signs should be displayed, at the start of the race and at key
points along the race course, to describe the risk of heat exhaustion and
heatstroke (Fig. 1). When the WBGT index is above 28°C (82°F), the risk
of heat exhaustion or heatstroke is very high; it is recommended that the
race be postponed until less stressful conditions prevail, rescheduled, or
canceled. High risk [WBGT index = 23-28°C (73-82°F)] indicates that run-
ners should be aware that heat exhaustion or heatstroke may be experi-
enced by any participant; anyone who is particularly sensitive to heat or
humidity probably should not run. Moderate risk [WBGT index = 18-23°C
(65-73°F)] reminds runners that heat and humidity will increase during the
course of the race if conducted during the morning or early afternoon. Low
risk [WBGT index below 18°C (65°F)] does not guarantee that heat ex-
haustion (even heatstroke, see ref. 5, 32) will not occur; it only indicates
that the risk is low.

The risk of hypothermia (while wearing shorts, socks, shoes, and a t-
shirt) also should be communicated to runners. A WBGT index below 10°C
(50°F) indicates that hypothermia may occur in slow runners who run long
distances, especially in wet and windy conditions. Core body tempera-
tures as low as 92°F have been observed in 65°F conditions (74).

Reprinted, by permission, from “Heat and Cold Illnesses During Distance Running: ACSM
Position Stand,” American College of Sports Medicine, Medicine & Science in Sports &

Exercise (28) 12, i-x, 1995, © Lippincott, Williams, and Wilkins.


