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to maximize 
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Who is this?
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Korey Stringer Institute 

Grand Opening 2017



M
IS

SI
O

N
 H

ea
t L

ab
 a

t 
U

co
nn

’s
K

or
ey

 
St

rin
ge

r I
ns

tit
ut

e



Summer Olympics
Tokyo 2020

• Lack of Best Practices for EHS
• Educating Staff
• The Amazing Yuri
• Soccer Start Times
• Marathon Location
• Many Other Considerations
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13 High School Football 
Deaths in Just 13 Months

Confirmed Cases

Presumed Sudden Cardiac Arrest 2

Presumed Exertional Heat Stroke 6 or 7

Presumed Traumatic injury 3

Presumed Exertional sickling 1 or 2

Undetermined 1

Total 14

Sadly-
Almost All 
Preventable

June 2020 through July 2021



Why They Die: 
Errors In Care

Current Sports Medicine Reports; 11(3):115-123, 2012. 



Why They Die: 
Errors In Care

Current Sports Medicine Reports; 11(3):115-123, 2012. 

1. Inaccurate temperature assessment or misdiagnosis

2. No care or treatment delayed

3. Inefficient cooling modality

4. Immediate transport (and/or waiting for transport) 



Why They Die: 
Errors in Training

1. Physical effort unmatched to conditioning level

2. Lack of heat acclimatization 

3. Lack of practice modification based on WBGT
a. Longer rest breaks
b. More frequent rest breaks

4. Inappropriate conditioning sessions & practice sessions
(MOST LIKELY!!!)



An Independent Evaluation of Procedures 

and Protocols Related to the June 2018 death 

of a University of Maryland 

Football Student-athlete 

September 21, 2018 
Prepared by Walters Inc. - Consultant in Sports Medicine 
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The Death of 
Jordan McNair
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consensus statement
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I
n January 2012, the National Athletic Trainers’
Association, along with the National Strength and
Conditioning Association, convened a meeting in

Colorado Springs, Colorado. Its purpose was to hold an
interdisciplinary forum and gather input to address sudden
death in collegiate conditioning sessions. Based on these
discussions, a writing group drafted the following recom-
mendations. To date, these best practices have been
endorsed by the American College of Emergency Physi-
cians, American College of Sports Medicine, American
Medical Society for Sports Medicine, American Osteo-
pathic Academy of Sports Medicine, Canadian Athletic
Therapists’ Association, Collegiate Strength and Condi-
tioning Coaches association, Gatorade Sports Science
Institute, Korey Stringer Institute, National Academy of
Sports Medicine, National Athletic Trainers’ Association,
and National Strength and Conditioning Association. Other
reviewers and meeting participants are listed with the
professional organizations they represent at the end of this
article.

Maximizing strength and conditioning sessions has
become fundamental to sport. The right combination of
strength, speed, cardiorespiratory fitness, and other com-
ponents of athletic capacity can complement skill and
enhance performance for all athletes. A sound and effective
training program that relies on scientific principles of
exercise physiology and biomechanics intended to produce
outcomes that are sensitive and specific to the sport should
be the goals. Unfortunately, the athlete’s development,
health, and safety are sometimes overshadowed by a culture
that values making athletes tough, instilling discipline, and
focusing on success at all costs.

This ill-conceived philosophy has been a contributor to
the alarming increase in collegiate athlete deaths and
serious injuries during conditioning sessions. A total of 21
National Collegiate Athletic Association (NCAA) football
players have died during conditioning workouts since
2000.1 The 3 most common causes of the fatalities were
(in order) exercise-related sudden death associated with
sickle cell trait (SCT), exertional heat stroke, and cardiac
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Why it Matters



Important Reminder
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Fatalities in High School and College
Football Players

Barry P. Boden,*y MD, Ilan Breit,y BS, Jason A. Beachler,y BS,
Aaron Williams,y DO, and Frederick O. Mueller,z PhD
Investigaton performed at The Orthopaedic Center, Rockville, Maryland

Background: Fatalities in football are rare but tragic events.

Purpose: The purpose was to describe the causes of fatalities in high school and college football players and potentially provide
preventive strategies.

Study Design: Descriptive epidemiology study.

Methods: We reviewed the 243 football fatalities reported to the National Center for Catastrophic Sports Injury Research from
July 1990 through June 2010.

Results: Football fatalities averaged 12.2 per year, or 1 per 100,000 participants. There were 164 indirect (systemic) fatalities
(average, 8.2 annually [or 0.7 per 100,000 participants]) and 79 direct (traumatic) fatalities (average, 4.0 annually [or 0.3 per
100,000 participants]). Indirect fatalities were 2.1 times more common than direct fatalities. The risk of a fatality in college com-
pared with high school football players was 2.8 (95% CI, 0.7-8.2) times higher for all fatalities, 3.6 (95% CI, 2.5-5.3) times higher
for indirect events, 1.4 (95% CI, 0.6-3.0) times higher for direct injuries, 3.8 (95% CI, 1.8-8.3) times higher for heat illness, and 66
(95% CI, 14.4-308) times higher for sickle cell trait (SCT) fatalities. Most indirect events occurred in practice sessions; preseason
practices and intense conditioning sessions were vulnerable periods for athletes to develop heat illness or SCT fatalities, respec-
tively. In contrast, most brain fatalities occurred during games. The odds of a fatality during the second decade, compared with
the first decade of the study, were 9.7 (95% CI, 1.2-75.9) for SCT, 1.5 (95% CI, 0.8-2.9) for heat illness, 1.1 (95% CI, 0.8-1.7) for
cardiac fatalities, and 0.7 (95% CI, 0.4-1.2) for brain fatalities. The most common causes of fatalities were cardiac failure (n = 100,
41.2%), brain injury (n = 62, 25.5%), heat illness (n = 38, 15.6%), SCT (n = 11, 4.5%), asthma and commotio cordis (n = 7 each,
2.9% each), embolism/blood clot (n = 5, 2.1%), cervical fracture (n = 4, 1.7%), and intra-abdominal injury, infection, and lightning
(n = 3, 1.2% each).

Conclusion: High school and college football have approximately 12 fatalities annually with indirect systemic causes being twice
as common as direct blunt trauma. The most common causes are cardiac failure, brain injury, and heat illness. The incidence of
fatalities is much higher at the college level for most injuries other than brain injuries, which were only slightly more common at the
college level. The risk of SCT, heat-related, and cardiac deaths increased during the second decade of the study, indicating these
conditions require a greater emphasis on diagnosis, treatment, and prevention.

Keywords: football; fatalities; cardiac; brain

Football is one of the most popular team sports in the
United States, with more than 1 million high school partic-
ipants annually since the 1998-1999 academic year.20 Foot-
ball also is associated with the highest number of fatalities
for any sport reported to the National Center for Cata-
strophic Sports Injury Research (hereinafter termed the

‘‘Center’’).17 In one report on sudden death secondary to
blunt trauma in young competitive athletes in all sports
over a 30-year span, football was associated with almost
60% of the fatalities.24 Another review of all football fatal-
ities at the professional, college, high school, and sandlot
levels over a 55-year period (1945-1999) identified 718
fatalities, or an average of 13 annually.5 Football was
also associated with the highest number of nontraumatic
sports deaths in high school and college athletes identified
by the Center (n = 67, 42%) over a 10-year period (1983-
1993).28

However, to our knowledge, there have been no compre-
hensive published studies focusing solely on football fatal-
ities at the high school and college levels during the past 2
decades. Our goal was to review the Center data for 20
years (July 1990 through June 2010) to determine the inci-
dence and causes of high school and college football fatali-
ties and potentially provide preventive strategies.

*Address correspondence to Barry P. Boden, MD, The Orthopaedic
Center, 9420 Key West Avenue, #300, Rockville, MD 20850 (e-mail:
bboden@starpower.net).

yThe Orthopaedic Center, Rockville, Maryland.
zDepartment of Physical Education, Exercise and Sport Science, Uni-

versity of North Carolina at Chapel Hill, Chapel Hill, North Carolina.
The authors declared that they have no conflicts of interest in the

authorship and publication of this contribution.
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(n = 11), running back (n = 10), and defensive back (n = 9),
followed by special teams player and defensive lineman (n
= 3 each) and quarterback and offensive lineman (n = 2
each). In addition, 9 high school athletes played 2 posi-
tions: 4 played running back/linebacker, and 1 each played
running back/defensive back, special teams/defensive
back, special teams/defensive lineman, defensive back/
wide receiver, and offensive lineman/linebacker.

Heat. There were 38 heat-related deaths (average, 1.9
annually; peak, 5 annually during the 1995-1996 and
2008-2009 academic years; 0.16 per 100,000 participants):
30 in high school players and 8 in college players (Table 2
and Figure 5). The risk of a heat death in the second decade
of the study was 1.5 (95% CI, 0.8-2.9) times greater than
a heat fatality in the first decade. The average temperature
and average maximum temperature on the fatal day were
79.8!F (range, 67!F-88!F) and 89.6!F (range, 70!F-100!F),
respectively. The core body temperature, identified in 10
cases, averaged 107.8!F (range, 104!F-111!F). The average
humidity and average maximum humidity on the fatal
day were 67.1% (range, 45%-91%) and 87.7% (range, 38%-
100%), respectively. The average weight and body mass
index (BMI), identified in 26 cases, were 265 lb (range,
185-360 lb) and 33.9 (range, 25-47), respectively.

All deaths occurred during the preseason or the early
part of the regular season: July (n = 7, 18%), August (n =
28, 74%), and September (n = 3, 8%). Most (97%) occurred
during practices; 1 occurred during a game, and the timing
of 1 was unknown. The exact timing of the injury was deter-
mined in 18 cases: 15 (83%) occurred during 2-a-day practi-
ces, and 8 (44%) occurred on the first day of practice. The
equipment worn was noted in 17 of those practice sessions:
10 (60%) occurred in players wearing helmets, and 4 (25%)
occurred in athletes wearing full equipment. Most heat-
related deaths occurred in the South (n = 24, 63%), followed
by the Midwest (n = 7, 18%), the West (n = 5, 13%), and the
Northeast (n = 1, 3%); the location was unknown in 1 (3%).
One athlete was reported to have been taking an ephedra
product, and 1 had a history of gastrointestinal symptoms
the night before suffering the heat stroke.

Sickle Cell Trait. There were 11 deaths (0.05 per 100,000
participants), secondary to complications from SCT, all
occurring from 1999-2000 through 2009-2010 (0.08 per
100,000 participants during this 11-year span) (Table 2).
The risk of a SCT death in the second decade of the study

was 9.7 (95% CI, 1.2-75.9) times greater than a SCT fatality
in the first decade. The 11 deaths occurred in 2 high school
and 9 college athletes, with a 66.6 (95% CI, 14.4-308.0)
times greater risk in college athletes compared with high
school athletes. All 11 were African American; their average
weight and BMI were 198.7 lb (range, 181-260 lb) and 27.7
(range, 26.0-32.5), respectively. The average temperature
and average maximum temperature on the fatal day were
71.5!F (range, 44!F-83!F) and 79.6!F (range, 57!F-93!F),
respectively. The average humidity and average maximum
humidity on the fatal day was 66.4% (range, 50%-94%)
and 84.6% (range, 60%-100%), respectively. The average
altitude at the fatal site was 712 ft (range, 48-2116 ft).
Four deaths occurred during the organized football season
(2 in August and 2 in September), and 7 occurred during
off-season conditioning (3 in July, 2 in February, 1 in
March, and 1 in May). Eight deaths occurred in the South,
and 2 occurred in the Midwest; the location of 1 was
unknown. It was not known that 4 athletes had SCT until
postmortem testing, and in 1 case, the diagnosis was known
by the athlete but was not reported to the team. The timing
of the SCT diagnosis and whether the coach and medical
staff were aware of the diagnosis were not known in 6 cases.
All deaths occurred during sprinting or agility drills in
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Figure 3. Direct football fatalities annually at the high school
and college levels, 1990-1991 through 2009-2010.

Figure 4. Number and percentage of football fatalities by
diagnosis.
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Figure 5. Incidence trends of heat, head, and cardiac fatal-
ities in football.
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(n = 11), running back (n = 10), and defensive back (n = 9),
followed by special teams player and defensive lineman (n
= 3 each) and quarterback and offensive lineman (n = 2
each). In addition, 9 high school athletes played 2 posi-
tions: 4 played running back/linebacker, and 1 each played
running back/defensive back, special teams/defensive
back, special teams/defensive lineman, defensive back/
wide receiver, and offensive lineman/linebacker.

Heat. There were 38 heat-related deaths (average, 1.9
annually; peak, 5 annually during the 1995-1996 and
2008-2009 academic years; 0.16 per 100,000 participants):
30 in high school players and 8 in college players (Table 2
and Figure 5). The risk of a heat death in the second decade
of the study was 1.5 (95% CI, 0.8-2.9) times greater than
a heat fatality in the first decade. The average temperature
and average maximum temperature on the fatal day were
79.8!F (range, 67!F-88!F) and 89.6!F (range, 70!F-100!F),
respectively. The core body temperature, identified in 10
cases, averaged 107.8!F (range, 104!F-111!F). The average
humidity and average maximum humidity on the fatal
day were 67.1% (range, 45%-91%) and 87.7% (range, 38%-
100%), respectively. The average weight and body mass
index (BMI), identified in 26 cases, were 265 lb (range,
185-360 lb) and 33.9 (range, 25-47), respectively.

All deaths occurred during the preseason or the early
part of the regular season: July (n = 7, 18%), August (n =
28, 74%), and September (n = 3, 8%). Most (97%) occurred
during practices; 1 occurred during a game, and the timing
of 1 was unknown. The exact timing of the injury was deter-
mined in 18 cases: 15 (83%) occurred during 2-a-day practi-
ces, and 8 (44%) occurred on the first day of practice. The
equipment worn was noted in 17 of those practice sessions:
10 (60%) occurred in players wearing helmets, and 4 (25%)
occurred in athletes wearing full equipment. Most heat-
related deaths occurred in the South (n = 24, 63%), followed
by the Midwest (n = 7, 18%), the West (n = 5, 13%), and the
Northeast (n = 1, 3%); the location was unknown in 1 (3%).
One athlete was reported to have been taking an ephedra
product, and 1 had a history of gastrointestinal symptoms
the night before suffering the heat stroke.

Sickle Cell Trait. There were 11 deaths (0.05 per 100,000
participants), secondary to complications from SCT, all
occurring from 1999-2000 through 2009-2010 (0.08 per
100,000 participants during this 11-year span) (Table 2).
The risk of a SCT death in the second decade of the study

was 9.7 (95% CI, 1.2-75.9) times greater than a SCT fatality
in the first decade. The 11 deaths occurred in 2 high school
and 9 college athletes, with a 66.6 (95% CI, 14.4-308.0)
times greater risk in college athletes compared with high
school athletes. All 11 were African American; their average
weight and BMI were 198.7 lb (range, 181-260 lb) and 27.7
(range, 26.0-32.5), respectively. The average temperature
and average maximum temperature on the fatal day were
71.5!F (range, 44!F-83!F) and 79.6!F (range, 57!F-93!F),
respectively. The average humidity and average maximum
humidity on the fatal day was 66.4% (range, 50%-94%)
and 84.6% (range, 60%-100%), respectively. The average
altitude at the fatal site was 712 ft (range, 48-2116 ft).
Four deaths occurred during the organized football season
(2 in August and 2 in September), and 7 occurred during
off-season conditioning (3 in July, 2 in February, 1 in
March, and 1 in May). Eight deaths occurred in the South,
and 2 occurred in the Midwest; the location of 1 was
unknown. It was not known that 4 athletes had SCT until
postmortem testing, and in 1 case, the diagnosis was known
by the athlete but was not reported to the team. The timing
of the SCT diagnosis and whether the coach and medical
staff were aware of the diagnosis were not known in 6 cases.
All deaths occurred during sprinting or agility drills in
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Figure 3. Direct football fatalities annually at the high school
and college levels, 1990-1991 through 2009-2010.

Figure 4. Number and percentage of football fatalities by
diagnosis.
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44%

25%

16%

5%

Top Causes of Sport-Related 
Death 

Heart
Head
Heat
Hemoglobin 90%



Leading Causes of Death in Sport

Nearly all Preventable with 
Training, Education, & Preparation





Endorsed By

• NFHS
• AMSSM
• AOSSM
• AOASM
• CATA
• GSSI
• KSI
• NATA

• NCCSIR
• NCSF
• ACSM
• NIAAA
• NSCA
• GFELLAR





Heat Acclimatization 

Recognize success of  2003 NCAA 
Heat Acclimatization Policy AND the 
limitations of  the policy



The Benefit of Policy 
Changes

• Kerr, et al., 2019- Heat acclimatization 
• Scarneo, et al., 2019- EAP’s
• Cooper, et al., 2020- WBGT modifications
• Drezner, et al. 2018- AED’s
• NCCSIR 2021- Exertional Sickling Data
• Many others



Heat Acclimatization



Preseason Heat-Acclimatization Guidelines for
Secondary School Athletics
Douglas J. Casa, PhD, ATC, FNATA, FACSM*; David Csillan, MS, LAT, ATC*

Inter-Association Task Force for Preseason Secondary School Athletics Participants: Lawrence E.
Armstrong, PhD, FACSM!; Lindsay B. Baker, PhD`; Michael F. Bergeron, PhD, FACSM‰; Virginia M.
Buchanan, JD!; Michael J. Carroll, MEd, LAT, ATCI; Michelle A. Cleary, PhD, LAT, ATCI; Edward R. Eichner,
MD, FACSM!; Michael S. Ferrara, PhD, ATC, FNATAI; Tony D. Fitzpatrick, MA, LAT, ATCI; Jay R. Hoffman,
PhD, FACSM, FNSCA"; Robert W. Kenefick, PhD, FACSM#; David A. Klossner, PhD, ATCI; J. Chad Knight,
MSHA, MESS, ATC, OTCI; Stephanie A. Lennon, MS, NBCT, LAT, ATCI; Rebecca M. Lopez, MS, ATCI;
Matthew J. Matava, MD** ; Francis G. O’Connor, MD, FACSM!!; Bart C. Peterson, MSS, ATCI; Stephen G.
Rice, MD, PhD, FACSM, FAAP``; Brian K. Robinson, MS, LAT, ATCI; Robert J. Shriner, MS, LAT, ATCI;
Michael S. West, MS, ATCI; Susan W. Yeargin, PhD, ATCI
*Co-Chairs; 3Individual Representatives; 4Gatorade Sports Science Institute; 1American College of Sports Medicine;
INational Athletic Trainers’ Association; "National Strength and Conditioning Association; #United States Army
Research Institute of Environmental Medicine; **American Orthopaedic Society for Sports Medicine; 33American
Medical Society for Sports Medicine; 44American Academy of Pediatrics

A
proper heat-acclimatization plan in secondary
school athletic programs is essential to minimize
the risk of exertional heat illness during the

preseason practice period. Gradually increasing athletes’
exposure to the duration and intensity of physical activity
and to the environment minimizes exertional heat-illness
risk while improving athletic performance. Progressive
acclimatization is especially important during the initial 3
to 5 days of summer practices. When an athlete undergoes
a proper heat-acclimatization program, physiologic func-
tion, exercise heat tolerance, and exercise performance are
all enhanced.1–6 In contrast, athletes who are not exposed
to a proper heat-acclimatization program face measurable
increased risks for exertional heat illness.

For these reasons, the Inter-Association Task Force for
Preseason Secondary School Athletics, in conjunction with
the National Athletic Trainers’ Association’s Secondary
School Athletic Trainers’ Committee, recommends that
these ‘‘Preseason Heat-Acclimatization Guidelines for
Secondary School Athletics’’ be implemented by all sec-
ondary school athletic programs. These guidelines should
be used for all preseason conditioning, training, and
practice activities in a warm or hot environment, whether
these activities are conducted indoors or outdoors. When
athletic programs implement these guidelines, the health
and safety of the athletes are primary. However, the
recommendations outlined here are only minimum stan-
dards, based on the best heat-acclimatization evidence
available. Following these guidelines provides all second-
ary school athletes an opportunity to train safely and
effectively during the preseason practice period.

DEFINITIONS

Before participating in the preseason practice period, all
student-athletes should undergo a preparticipation medical

examination administered by a physician (MD or DO) or
as required/approved by state law. The examination can
identify predisposing factors related to a number of safety
concerns, including the identification of youths at partic-
ular risk for exertional heat illness.

The heat-acclimatization period is defined as the initial 14
consecutive days of preseason practice for all student-
athletes. The goal of the acclimatization period is to
enhance exercise heat tolerance and the ability to exercise
safely and effectively in warm to hot conditions. This
period should begin on the first day of practice or
conditioning before the regular season. Any practices or
conditioning conducted before this time should not be
considered a part of the heat-acclimatization period.
Regardless of the conditioning program and conditioning
status leading up to the first formal practice, all student-
athletes (including those who arrive at preseason practice
after the first day of practice) should follow the 14-day
heat-acclimatization plan. During the preseason heat-
acclimatization period, if practice occurs on 6 consecutive
days, student-athletes should have 1 day of complete rest
(no conditioning, walk-throughs, practices, etc).

Days on which athletes do not practice due to a
scheduled rest day, injury, or illness do not count toward
the heat-acclimatization period. For example, an athlete
who sits out the third and fourth days of practice during
this time (eg, Wednesday and Thursday) will resume
practice as if on day 3 of the heat-acclimatization period
when returning to play on Friday.

A practice is defined as the period of time a participant
engages in a coach-supervised, school-approved, sport- or
conditioning-related physical activity. Each individual
practice should last no more than 3 hours. Warm-up,
stretching, and cool-down activities are included as part of
the 3-hour practice time. Regardless of ambient tempera-

Journal of Athletic Training 2009;44(3):332–333
g by the National Athletic Trainers’ Association, Inc
www.nata.org/jat

consensus statement

332 Volume 44 N Number 3 N June 2009





WBGT/Work-Rest Ratios

Advocate use of  WBGT for practice 
& game modifications. Alter work-
Rest ratios based on WBGT.









Georgia/WBGT 
WBGT READING ACTIVITY GUIDELINES & REST BREAK 

GUIDELINES
Under 82.0 Normal activities: Provide at least three separate rest 

breaks each hour of minimum duration of 3 minutes
each during workout

82.0 - 86.9 Use discretion for intense or prolonged exercise; watch
at-risk players carefully; Provide at least three separate 
rest breaks each hour of a minimum of four minutes
duration each

87.0 - 89.9 Maximum practice time is two hours. For Football: 
players restricted to helmet, shoulder pads, and shorts 
during practice. All protective equipment must be 
removed for conditioning activities. For all sports: 
Provide at least four separate rest breaks each hour of 
a minimum of four minutes each

90.0 - 92.0 Maximum length of practice is one hour, no protective
equipment may be worn during practice and there may
be no conditioning activities. There must be 20-minutes 
of rest breaks provided during the hour of practice

Over 92.1 No outdoor workouts; Cancel exercise; delay
practices until a cooler WBGT reading occurs











BIG KSI 
PROJECTS 
WORKING TO 
ENHANCE 
PUBLIC 
HEALTH 
ISSUES FOR 
THE 
SECONDARY 
SCHOOL 
ATHLETE



BREAKING NEWS
NEW JERSEY, FLORIDA & LOUISIANA PASS NEW LAWS!

(ALL IN 2020!!!!!!!)

LIVE



Louisiana



…The 2020 
& 2021 

Changes

2020
• Comprehensive EAPS
• Specific regulations for 

removal of student athletes 
from competition, practice 
training

• Heat Acclimatization
• WBGT

2021:
• The BESE Bulletin that was 

just updated in April adds 
language for 1,3, and 4 and 
adds in CWI requirements.



3 Year State Health & 
Safety Policy Summary

(2017 to 2020)

Policy Change
Enacted, 38, 

(76%)

No Policy 
Changes, …

Number of States 
Adopting Policy Changes



Changes By 
Component 
(topic) 
• AJSM
• October 2021
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Belval, L.N., Casa, D.J., 
et al. (2018). 
Consensus Statement-
Prehospital Care of 
Exertional Heat 
Stroke. Prehospital 
Emergency Care, 1-6.



Rapid 
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Remember- Easiest 
step to survival is 
avoid EHS in first place.  
Not hard to do with 
common sense 
training design and 
monitoring.
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FIND IT FAST

• The coach/medic/supervisor/boss/medical staff/EMT/etc. 
dispatcher can play a big role in dictating outcomes.

• Situational Awareness
• Individual exercising in warm environments or intensely.
• Potential for a lucid interval.

• Dispelling myths
• ”Hot, dry skin”
• ”Don’t cool him too quickly”
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Defining Heat Stroke

1. Severe Hyperthermia (>104.5 ºF)
A. Typically Warm Environments
B. Can occur in cooler climates

a. Impaired heat dissipation
b. High exertional strain

2. End Organ Dysfunction
A. Typically CNS Dysfunction



Differential Diagnosis

Sign and Symptoms Heat Exhaustion Exertional Heat 
Stroke Exertional Sickling Hyponatremia Cardiac Conditions

Body Temperature <40.5°C Ï Ï Ï Ï

Body Temperature ³40.5°C Ï

Blood Sodium <130 mEq/L Ï

Blood Sodium ³130 mEq/L Ï Ï Ï Ï

CNS Dysfunction Ï Ï Ï

Loss of Consciousness Ï Ï Ï Ï

Diarrhea Ï Ï Ï

Vomiting Ï Ï Ï

Nausea Ï Ï Ï

Peripheral Swelling Ï Ï

Seizures Ï Ï Ï

Muscle Cramping Ï Ï Ï Ï

Fatigue Ï Ï
Inability to catch one’s 

breath Ï
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Adapted from Casa DJ & 
Stearns RL (Eds.), 
Preventing Sudden Death in 
Sport and Physical Activity 
(2nd ed.). Burlington, MA, 
USA: Jones and Bartlett 
Learning.



Why Do We Need An 
Accurate Temperature

• Determine if it is or is not EHS
• Is it heat exhaustion?
• Is it a head injury?
• Is it hyponatremia?
• Is it a blood glucose issue?
• Is it something else?

• Determine when to stop cooling
• Determine if EHS occurred

• Influence on recovery plans
• If you just assume EHS w/o temperature, what 

condition are you treating?



Body Temperature 
Assessment

Valid Logistically 
Feasible

?
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Moran & Mendal, Sports Med, 2002; Casa et al., JAT, 2009. 
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Moran & Mendal, Sports Med, 2002; Casa et al., JAT, 2009. 



Aural Tb underestimates 
whole-body Tb when 
compared to rectal 

temperature assessment 
(Morrissey et al., 2021)

• Morrissey MC, Scarneo-Miller SE, Giersch GEW, Jardine JF, Casa DJ. 
Assessing the Validity of Aural Thermometry for Measuring Internal 
Temperature in Patients With Exertional Heat Stroke [published 
online ahead of print, 2021 Jan 15]. J Athl Train. 2021;10.4085/1062-
6050-0449.19. doi:10.4085/1062-6050-0449.19



Rapid 
Recognition

Rapid 
Assessment

Rapid Cooling

Rapid Advanced 
Care

Steps to Survival

69



PREHOSPITAL CARE

Casa, Kenny, Taylor.  Medicine and Science in Sports and Exercise, 2010;42(7):1-7. 
(redrawn from Hubbard et al, J Applied Physiology 42: 809-816, 1977)

• Survival of EHS drops dramatically in 
the 15-30 minute window

• Average EMS transport and 
Emergency Department evaluation is 
longer than 30 minutes

• Increased organ damage, morbidity, 
and mortality after 30 minutes of 
hyperthermia



Why We Need To Change Paradigm

5 minutes to call
10 minutes to arrive
10 minutes on-site
10 minutes to hospital
10 minutes at hospital before cooling

TOTAL= 45 minutes!!!!!
COOL FIRST, 

TRANSPORT SECOND
Every minute matters
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Cold Water Immersion: The Gold Standard
for Exertional Heatstroke Treatment
Douglas J. Casa, Brendon P. McDermott, Elaine C. Lee, Susan W. Yeargin, Lawrence E. Armstrong,
and Carl M. Maresh

Department of Kinesiology, University of Connecticut, Storrs, CT

CASA, D.J., B.P. MCDERMOTT, E.C. LEE, S.W. YEARGIN, L.E. ARMSTRONG, and C.M. MARESH. Cold water
immersion: the gold standard for exertional heatstroke treatment. Exerc. Sport Sci. Rev., Vol. 35, No. 3, pp. 141Y149, 2007.
The key to maximize the chances of surviving exertional heatstroke is rapidly decreasing the elevated core body temperature.
Many methods exist to cool the body, but current evidence strongly supports the use of cold water. Preferably, the athlete
should be immersed in cold water. If lack of equipment or staff prevents immersion, a continual dousing with cold water
provides an effective cooling modality. We refute the many criticisms of this treatment and provide scientific evidence
supporting cold water immersion for exertional heatstroke. Key Words: hyperthermia, heat illness, cooling rates, exercise,
thermoregulation

INTRODUCTION/HISTORICAL PERSPECTIVE

IBBUT SUNSTROKE GIVES NO SUCH WARNING.
IT STRIKES DOWN ITS VICTIM WITH HIS FULL
ARMOR ON. YOUTH, HEALTH, AND STRENGTH
OPPOSE NO OBSTACLE TO ITS POWER; NAY, IT
WOULD SEEM, IN SOME INSTANCES, TO SEEK
OUT SUCH AS THESE, AS IF BOLDLY TO FLAUNT
ITS POWER, AND IN THE VERY GLARE OF DAY
TO DEAL ITS FINAL BLOW.^

From Levick J.J., Remarks on sunstroke. Am. J. Med.
37:43, 1859.

Exertional heatstroke (EHS) is a potentially lethal out-
come for any athlete, laborer, soldier, or other individual who
participates in physical activity in warm or hot conditions.
Although the condition is relatively rare, its incidence rate is
as high as 1 in 1000 at some athletic events (8). Because
these events often include 10,000 or more participants, the
event medical staff may treat 10 or more cases of EHS. This
medical emergency requires extensive logistical planning to
assure optimal onsite treatment.

Heatstroke is not new to the medical community (5). In
24 B.C., Roman soldiers with heatstroke were instructed to
drink olive oil and wine while rubbing both liquids on the
body (18). In the 1500s, physicians recommended stimulat-
ing friction and bloodletting to Brelease the heat^ (27). In
the 18th century, the cause of heatstroke was once thought
to be drinking cold water. Patients would receive the
diagnosis of Bhurt by drinking cold water.^ Amazingly,
public pumps were posted with signs warning about the risk
of sudden death from drinking cold water (27).

Recently (in a historical sense, i.e., 50 to 100 yrs or so
ago), a widely circulated opinion has encouraged some in
the medical community to avoid using cold water immer-
sion (CWI) for the acute treatment of heatstroke (19,30).
This line of thinking has reached the medical community,
including athletic trainers, team physicians, emergency
department physicians, emergency medical technicians,
registered nurses, first aidYtrained coaches, and others. The
number one criticism of CWI is that patients will actually
heat up (or at least not cool down) in CWI because of
peripheral vasoconstriction (PVC) and shivering. How-
ever, scientific evidence strongly refutes this criticism.
Evidence from basic physiological studies looking at the
effect of CWI on cooling rates in hyperthermic individuals
and treatment of actual EHS victims clearly shows that
CWI has cooling rates superior to any other known
modality (2,10,11,21,22).

We have recently stated, Bit is quite difficult, if not
impossible, to kill an otherwise healthy athlete experiencing
EHS if rapid cooling via cold/ice water immersion is imple-
mented within a few minutes after collapse^ (9). Any delay
in the process of rapidly cooling an individual experiencing
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accomplish this goal. Ultimately though, the best cooling
rates reported in the literature are with CWI, which
consistently provides outstanding cooling rates in both
controlled studies and clinical interventions of EHS patients
(2,10,11,17,22,26). Proulx et al. (22) probably offered the
single greatest this field as the first to combine certain tech-
niques in a controlled setting, producing the fastest known
cooling rate in the scientific literature. They immersed
subjects in various water temperatures under controlled
conditions (the only thing different was the temperature of
the water bath), including immersing the entire body
(except the head), stirring the water, and previous exercise
to heat up to 40-C (104-F). The four water temperatures
between 2-C (36-F) and 20-C (68-F) all provided excellent
cooling rates (greater than 0.2-C/min for the decline from
40-C to 38-C), but the cooling rate of the 2-C bath
(0.39-C/min for the decline from 40-C to 38-C) was nearly
twice that of the other temperatures (22). This rate
translates into approximately a 4-F drop in 5Y6 min, a
staggering testament to the cooling potential of immer-
sion in moving water! Although the subjects did not ex-
perience EHS but induced hyperthermia, the physiological
influence of cold water as a cooling modality remains rel-
evant. Others have provided additional evidence of the
powerful influence of cold water on cooling of actual EHS
patients (2,6,11,20).
The goal is not to criticize or even question non-CWI

cooling modalities that are effective in rapidly cooling EHS
patients. Many are suitable and successful (16,20). Our goal
is to refute the myth that CWI hinders cooling and to show
that CWI actually has outstanding cooling and survival
rates. Because of its negligible cost and the relative ease and

availability in controlled athletic and many military train-
ing (i.e., basic training) settings, and superior cooling
effectiveness, CWI should be the preferred cooling method
in most circumstances. Some wartime situations, remote
athletic events, and other specific circumstances may
preclude its use, but these are the exceptions rather than
the rule. In addition, the survival rates resulting from the
above mentioned alternatives are impressive, but CWI
initiated right after the onset of symptoms is believed to
have a survival rate that is nearly (or perhaps actually)
100% (6,11).

MISCONCEPTIONS ABOUT USING CWI FOR THE
TREATMENT OF EHS

Numerous reasons have been cited for not using CWI
to treat EHS. Table 1 provides examples from the medical
literature of explanations/reasons why CWI should not be
used for the rapid cooling of hyperthermic individuals. Our
goal in this section is to refute these misconceptions.

Peripheral Vasoconstriction

This assertion states that CWI induces PVC in hyper-
thermic athletes, which shunts warm blood away from the
surface of the body and impedes cooling via convection and
conduction. The speculation continues that the hyper-
thermic athlete may even Bheat up^ because the heat has
nowhere to go. Wyndham et al. (30) are likely one of the
sources of this assertion. The results of their classic study
indicated inferior cooling rates for CWI. The reasons are
not completely understood, however, because no subsequent

Figure 2. Area under the curve for three cooling rates. The graph is a representation of expected core temperature decrease of an exertional
heatstroke (EHS) victim who exhibits a characteristic starting temperature of 43-C (109-F). The end point has been standardized here as a body
temperature of 40-C (104-F), which is just below a likely threshold for reduced risk of cell damage. Cooling rates from the typical starting temperature to
the set hypothetical standard of 40-C are in units of -C per minute. The area under each curve represents cumulative time a patient may spend above the
threshold temperature of 40-C during cooling. The assumptions in assembling this theoretical image include: (1) constant cooling rate (cooling rates are
known to fluctuate, but average cooling rate is used here, may represent the best estimate of a relative -C per minute comparison); (2) initial
temperature (43-C) is the same in all conditions; (3) initiation of treatment relative to diagnosis and onset is the same for all conditions; and (4) conditions
represent average individual with similar thermal response capacities.

144 Exercise and Sport Sciences Reviews www.acsm-essr.org



Tarp Assisted 
Cooling
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Effect of water temperature on cooling efficiency
during hyperthermia in humans

C. I. Proulx,1 M. B. Ducharme,1,2 and G. P. Kenny1

1Faculty of Health Sciences, University of Ottawa, Ottawa K1N 6N5;
and 2Defence R&D Canada-Toronto, Toronto, Ontario, Canada M3M 3B9

Submitted 21 June 2002; accepted in final form 4 November 2002

Proulx, C. I., M. B. Ducharme, and G. P. Kenny. Effect
of water temperature on cooling efficiency during hyperther-
mia in humans. J Appl Physiol 94: 1317–1323, 2003. First
published November 27, 2002; 10.1152/japplphysiol.00541.
2002.—We evaluated the cooling rate of hyperthermic sub-
jects, as measured by rectal temperature (Tre), during im-
mersion in a range of water temperatures. On 4 separate
days, seven subjects (4 men, 3 women) exercised at 65%
maximal oxygen consumption at an ambient temperature of
39°C until Tre increased to 40°C (45.4 ! 4.1 min). After
exercise, the subjects were immersed in a circulated water
bath controlled at 2, 8, 14, or 20°C until Tre returned to
37.5°C. No difference in cooling rate was observed between
the immersions at 8, 14, and 20°C despite the differences in
the skin surface-to-water temperature gradient, possibly be-
cause of the presence of shivering at 8 and 14°C. Compared
with the other conditions, however, the rate of cooling (0.35 !
0.14°C/min) was significantly greater during the 2°C water
immersion, in which shivering was seldom observed. This
rate was almost twice as much as the other conditions (P "
0.05). Our results suggest that 2°C water is the most effective
immersion treatment for exercise-induced hyperthermia.

water immersion; rectal temperature; core temperature;
heatstroke; treatment

PARTICIPATION IN VARIOUS SPORTS, as well as military op-
erations or industrial work, can put individuals at risk
of suffering from heatstroke and other heat-related
illnesses, especially when these activities are done in
the heat. Heatstroke is a serious medical condition that
requires immediate attention. The extent of tissue
damage and physiological malfunctions depend not
only on the degree of hyperthermia but also on the
duration that the body remains at a high temperature
(15, 20, 23). The main objective in the treatment of
hyperthermia is therefore to reduce the body temper-
ature to a safe level as quickly as possible.

A certain disagreement presently exists, however,
over which treatment modality provides the fastest
cooling (2, 10, 15). Some studies have provided support
for the use of whole body water immersion for the
treatment of hyperthermia (2, 4, 11), whereas others
support enhancing evaporative cooling through vari-

ous combination of water and air sprays as the most
effective method of reducing high body temperature
(29, 30). One of these studies (29), however, used tym-
panic temperature as an indication of core tempera-
ture. Given the knowledge that wind can influence the
tympanic membrane temperature (13) and that the ear
canal temperature can contaminate its measurement,
the use of this site has to be questioned when it comes
to evaluating the effectiveness of artificially enhanced
evaporative cooling. Besides the present controversies
over treatment modalities, disagreement also exists in
regard to the specificity of the different cooling meth-
ods. Some of the highest cooling rates in the literature,
notwithstanding the results from Weiner and Khogali
(29), have been obtained with the use of water immer-
sion (2, 4, 11). It has been advocated, however, that ice
water immersion should not be used to cool hyperther-
mic patients because it induces vasoconstriction and
shivering (1, 10, 25, 29). Yet ice water immersion has
been successfully used to treat hyperthermic and heat-
stroked individuals (2, 4). Although Magazanik et al.
(15) evaluated the relative effectiveness of varying
water immersion temperatures to cool heatstroked dogs,
to our knowledge, no study has systematically investi-
gated in humans the cooling rate during immersion in a
range of water temperatures. The objective of this study
is therefore to evaluate the effectiveness of water temper-
atures ranging from 2 to 20°C for the whole body cooling
of individuals rendered hyperthermic by exercise. It was
hypothesized that the cooling rate would increase as the
water immersion temperature decreased. Therefore, a
hyperthermic individual’s core temperature would be re-
duced faster in 2°C water compared with the other water
immersion temperatures.

METHODS

Subjects. With approval from the Health Sciences and
Science Research Ethics Board, seven healthy subjects (3
women, 4 men) gave informed consent to participate in this
study. The subjects’ characteristics are presented in Table 1.
The seven subjects were 22 ! 1.9 yr old, had a mass of 68.4 !
11.1 kg, and were 170.3 ! 7.3 cm tall (means ! SD). The
subjects were physically active with a maximal oxygen con-
sumption (V̇O2 max) of 47.2 ! 5.2 and 60.0 ! 11.6 ml !kg#1 !

Address for reprint requests and other correspondence: G. P.
Kenny, Univ. of Ottawa, School of Human Kinetics, Faculty of
Health Sciences, Human Performance and Environmental Medicine
Research Laboratory, Montpetit Hall, Rm. 376, 125 University Ave.,
Ottawa, Ontario, Canada K1N 6N5 (E-mail: gkenny@uottawa.ca).

The costs of publication of this article were defrayed in part by the
payment of page charges. The article must therefore be hereby
marked ‘‘advertisement’’ in accordance with 18 U.S.C. Section 1734
solely to indicate this fact.

J Appl Physiol 94: 1317–1323, 2003.
First published November 27, 2002; 10.1152/japplphysiol.00541.2002.
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 was used to identify significant differences. Results are re-

ported as means ! SD (or as SE in the case of figures), and
P " 0.05 identified statistically significant differences.

RESULTS

The seven subjects exercised on average for 45.4 !
4.1 min. There was no significant difference between
the four trial conditions in regard to the exercise
length, the warming rate during exercise, or the end-
exercise Tre (Table 2). This implies that the degree of
hyperthermia was identical for all four conditions.

Cooling rate. The change in Tre during the four
immersion temperatures is shown in Fig. 1. Core cool-
ing rates were calculated as a function of the time
required for Tre to return to 37.5°C. The core cooling
rate during the 2°C water immersion was significantly
greater than the core cooling rates for the 8, 14, and
20°C water immersion (P # 0.001; Table 3). There was
no difference, however, in core cooling rates between
the 8, 14, and 20°C immersion trials (P # 0.360). The
cooling rate in regard to the first degree Celsius drop in
core temperature ($40 to 39°C) was not significantly
different for the 2°C water immersion compared with
the other water immersion temperatures. However,
during the second degree drop in core temperature
($39 to 38°C), the cooling rate associated with the 2°C
water immersion was two times faster than the cooling

rates associated with the immersions in 8, 14, and 20°C
water (Table 3).

Figure 2 shows Tsk-im during the water immersions.
Throughout the 2°C water immersion, the Tsk-im was
significantly lower than during the 8, 14, and the 20°C
water immersions. The minimal Tsk-im values obtained
were 10.5 ! 1.7, 12.6 ! 1.5, 17.4 ! 0.9, and 23.2 !
1.1°C for the 2, 8, 14, and 20°C water immersions,
respectively. Even though the minimal Tsk was ob-
tained during the 2°C water immersion, a greater
temperature gradient between the skin surface and the
water was nonetheless present during this 2°C trial
(7.7 ! 1.7°C) compared with the other water immer-
sion temperatures (4.2 ! 1.5, 3.1 ! 0.9, and 3.0 ! 1.3°C
for 8, 14, and 20°C water immersions, respectively). In
fact, the temperature gradient at the end of the 2°C
water immersion was 1.8, 2.5, and 2.6 times greater
than during the 8, 14, and 20°C water immersions,
respectively. On average, for the duration of the cooling
period, the rate of heat loss was significantly greater
during the 2°C water immersion compared with the
other water immersion temperatures (P " 0.001; Table
4). No significant difference was found between the
four water immersion temperatures in regard to the
heat loss from the head and in regard to the change in

Table 2. Average rate of change of rectal temperature
during the exercise period and end-exercise
core temperatures

Water Temperature Conditions

2°C 8°C 14°C 20°C

Warming rate,
°C/min 0.06!0.02 0.05!0.02 0.06!0.02 0.07!0.01

End-exercise
temperature, °C 39.8!0.3 39.8!0.2 39.8!0.3 39.8!0.2

Values are means ! SD.

Fig. 1. Mean ! SE rectal temperature during im-
mersion in 2°C (}), 8°C (■), 14°C (Œ), and 20°C (F)
circulated water bath. Because the immersion times
were different for each subject, the data are only
represented until the longest immersion time com-
mon to all 7 subjects, i.e., the time just before the
first subject exited the water bath (identified by the
solid line). The average rectal temperature at the
average immersion time for each condition is also
identified and is joined by a dashed line. Subjects
were removed from the water when their rectal
temperature reached 37.5°C.

Table 3. Cooling rates at different intervals of core
temperature during whole body water immersion

Cooling Rates, °C/min

1st degree Celsius
drop ($40 to 39°C)

2nd degree Celsius
drop ($39 to 38°C)

Entire immersion period
(until Tre # 37.5°C)

2°C 0.28!0.14 0.50!0.20†‡§ 0.35!0.14†‡§
8°C 0.17!0.06 0.24!0.11* 0.19!0.07*
14°C 0.23!0.09 0.19!0.12* 0.15!0.06*
20°C 0.26!0.16 0.24!0.12* 0.19!0.10*

Values are means ! SD. The cooling rates are based on rectal
temperature (Tre). *Significantly different from 2°C (P " 0.05);
†significantly different from 8°C (P " 0.05); ‡significantly different
from 14°C (P " 0.05); §significantly different from 20°C (P " 0.05).
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Effectiveness of Cold Water Immersion in the
Treatment of Exertional Heat Stroke at the
Falmouth Road Race

JULIE K. DEMARTINI1, DOUGLAS J. CASA1, REBECCA STEARNS1, LUKE BELVAL1, ARTHUR CRAGO2,
ROB DAVIS2, and JOHN JARDINE2

1Department of Kinesiology, Korey Stringer Institute, University of Connecticut, Storrs, CT; and 2Falmouth Hospital,
Falmouth, MA

ABSTRACT

DEMARTINI, J. K., D. J. CASA, R. STEARNS, L. BELVAL, A. CRAGO, R. DAVIS, and J. JARDINE. Effectiveness of Cold Water

Immersion in the Treatment of Exertional Heat Stroke at the Falmouth Road Race.Med. Sci. Sports Exerc., Vol. 47, No. 2, pp. 240–245,
2015. Purpose: This study aimed to investigate the effectiveness (speed of cooling and survival rates) of cold water immersion (CWI) in

the treatment of patients with exertional heat stroke (EHS). Secondly, this study aimed to compare cooling rates on the basis of gender,

age, and initial rectal temperature (Tr). Methods: Eighteen years of finish line medical tent patient records were obtained from the

exertional heat illness treatment area at the Falmouth Road Race. Study participants included patients with EHS who were treated with

CWI in the medical tent. The number of EHS cases was recorded for each year, and incidence was established on the basis of the number

of finishers. Overall cooling rate and differences between initial Tr, age, and sex were evaluated. Results: A total of 274 cases of

EHS was observed over the 18 yr of collected data. A mean of 15.2 T 13.0 EHS cases per year was recorded, with an overall incidence of

2.13 T 1.62 EHS cases per 1000 finishers. The average initial Tr was 41.44-C T 0.63-C, and the average cooling rate for patients with

EHS was 0.22-CIminj1 T 0.11-CIminj1. CWI resulted in a 100% survival rate for all patients with EHS. No significant interactions

between cooling rate and initial Tr (P = 0.778), sex (P = 0.89), or age (P = 0.70) were observed. Conclusions: CWI was found to

effectively treat all cases of EHS observed in this study. CWI provided similar treatment outcomes in all patients, with no significant

differences noted on the basis of initial Tr, age, or sex. On the basis of the 100% survival rate from EHS in this large cohort, it is

recommended that immediate (on site) CWI be implemented for the treatment of EHS.KeyWords: HYPERTHERMIA, EXERTIONAL

HEAT STROKE, COLD WATER IMMERSION, COOLING RATE

Exertional heat stroke (EHS) is one of the leading
causes of death among athletes (5,22,26). Data from
the University of North Carolina National Center

for Catastrophic Injury have shown drastic increase in the
number of deaths from EHS over the last 5-yr reporting
period (2004–2009) compared with that in previous re-
porting periods (26,27,37). Furthermore, during the last 2 yr
(2011–2012), these deaths continue to show an increasing
trend (23). Many of these deaths occur during organized
sport participation, such as high school football practice or
collegiate conditioning sessions, when appropriate medical
personnel (i.e., certified athletic trainer) are not present.
The highest recorded incidence of EHS has been encoun-
tered at the Falmouth Road Race, with a reported 1–2 EHS

cases for every 1000 entrants (7). However, despite the high
occurrence of EHS cases during this event, no deaths have
been reported.

Studies and case reports have consistently shown that the
time a person’s core body temperature is above 40-C pre-
dicts the outcome of the EHS case (8,12,20,21,32). There-
fore, the primary goal with any patient with EHS is to cool
him/her as immediately and rapidly as possible. Substantial
evidence has demonstrated (1,4,9,10,14,20,21,29,32,34) or
supported (3,4,12,13,25) such use of cold water immersion
(CWI) for treatment of EHS. This is largely due to the su-
perior cooling efficacy of CWI established by various re-
search studies (2,10,17,24,25,30,31). CWI is superior to
other cooling methods because of its high thermal conduc-
tivity and high body surface contact area (38). In addition,
various reports have been made on survival from EHS
when immediate CWI was used (7,21,38) whereas reports of
death have occurred from delayed or inappropriate care
(18,21,32,38).

It is suggested that for effective treatment of EHS,
a minimum cooling rate of 0.1-CIminj1–0.2-CIminj1

(0.18-FIminj1–0.36-FIminj1) should be obtained if cooling
occurs immediately or a rate of 0.15-CIminj1 (0.27-FIminj1)
if cooling is delayed (13,37). With such cooling rates, it is
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100% Survival

DeMartini, Casa, et al.  MSSE, 2015



9.5min

17min

83min

108oF to 102oF



Significance of the Study

• Largest data set ever 
compiled with real-life EHS 
patients, treatment 
interventions

• 18 years of EHS patient 
data synthesized

• Zero deaths from EHS 
(0/274) with cold-water 
immersion as the treatment 
intervention

• 93% of patients were 
discharged home after 
treatment in the finish line 
medical tent



CWI is the Gold Standard of 
care for EHS patients

• Many studies 
conducted prior to 
and after this study 
continue to show the 
efficacy of CWI as the 
treatment of choice 
for EHS. 



Recent publications in EHS diagnosis, 
treatment, and patient outcomes from our lab



EHS survival outcomes 
when adequate cooling 

rates are utilized (Filep et 
al., 2020)

• Filep EM, Murata Y, Endres BD, Kim G, Stearns RL, Casa DJ. 
Exertional Heat Stroke, Modality Cooling Rate, and Survival 
Outcomes: A Systematic Review. Medicina (Kaunas). 
2020;56(11):589. Published 2020 Nov 5. 
doi:10.3390/medicina56110589



Rapid Recognition

Rapid Assessment

Rapid Cooling

Rapid Advanced 
Care

Steps to Survival

82





HOW TO MANAGE
Exertional Heat Illness

By: Racinais S, O'Connor F, Nye N, Casa D.
Date: August 2018

Rapid external cooling
(cold water
immerssion)

Do

Cardiac algorithm

Refer

Require CPR?

Assess
Yes

No

No

Rectal temperature
> 40.5ºC (104.9ºF)

Assess

Initiate 100ml IV bolus
of 3% saline

Do

Stop cooling at rectal
temperature 39.4ºC

(103ºF)

Do

Blood sodium
≤ 130 mEq/L?

Assess

IV (normal saline or
lactated ringers)

Do

Appropriate algorithm

Refer

Hyponatremia
algorithm

Refer

Release with exercise
restrictions

Refer

Bathtub, ½ to ¾ filled
water & ice, 5 to 15ºC,
stirred or circulated

Severely dehydrated?

Assess

Cool on site if possible
(cool-first, transport

second)

Continuous core
temperature monitoring at

least 30 minutes post
cooling (rewarm if

yemperature < 35ºC/95ºF)

Assess/Treat

Have multiple staff
to deal with

combative patients

Allert Emergency
Medical Services

Do

Rectal temp. > 39.8ºC
(103.6ºF) & confused/

desoriented

Assess

Other symptoms

Assess

Yes

Yes

Yes

Use a rectal probe

No

No

No

Yes

Yes

Allert Emergency
Medical Services

Do



Cooling rate: 0.1°F/min

Cooling rate: 0.44°F/min

0.06°C/min 

0.25°C/min 

Threshold for sanity 





EMT/ ADVANCED EMT / PARAMEDIC STANDING ORDERS

Connecticut OEMS in conjunction with CEMSMAC has taken caution to ensure all information is accurate and in accordance 
with professional standards in effect at the time of publication. These protocols, policies, or procedures MAY NOT BE altered or 

modified without prior approval.

Exertional heat stroke (EHS) is a unique and emergent hyperthermic condition that 
occurs in individuals performing intense physical activity, typically but not limited to, 
warm environments. 

INDICATION:
Consider EHS in any intensely exercising athlete, laborer, fire or EMS personnel with altered 
mental status. 

PROTOCOL:
1. Perform Rapid Routine Assessment (<5 min). Assess for other causes of AMS including

but not limited to hypoxia, hypoglycemia, inadequate perfusion or head injury.
2. Consider EHS in any intensely exercising athlete, laborer, fire, police or EMS personnel

with altered mental status.
3. If EHS has been confirmed and appropriate cooling has been initiated by an

appropriate onsite medical team, athletic trainer, coach, or instructor, DO NOT interrupt
cooling for assessment or transport.

4. If care not already initiated and EHS is suspected, immediately perform a rectal
temperature (TREC) assessment at an insertion depth of 15 cm.

5. If TREC is at or above 40°C (104°F), initiate immediate rapid cooling to a temperature less
than 40°C within 30 minutes of collapse.  The recommended minimum cooling rate is 0.15°
C per minute.

a. Best practice for cooling an EHS patient is whole-body cold water immersion from
the neck down (0.2-0.3°C per minute)

b. Immersion in ice water filled body bag or tarp may also yield acceptable cooling
rates (0.15°-0.17C per minute).

c. Ice packs, fans, cold water dousing or shower do not achieve acceptable cooling
rates. Rotating ice water towels covering as much of body surface area as possible
should be considered a minimum cooling modality en route.

6. Discontinue cooling at 39°C (102°F).  If a TREC is not available, cooling should not be
interrupted or delayed in cases of suspected EHS. Cool for a minimum of  20 minutes /
clinical improvement if resources available on scene, or transport with best available active
cooling method (Body bag with ice water or rotating ice water soaked towels)

7. Do not interrupt cooling for diarrhea, emesis, combativeness, or seizures. IV/IM
medications are rarely needed.

8. Transport, with full notification to closest receiving facility that EHS is suspected, request
TREC  be reassessed on turnover.

pg#

EXERTIONAL HEAT STROKE PROTOCOL

For events with medical personnel and cooling means on-site, the only appropriate standard 
is to cool the EHS patient in place. Transportation of an EHS patient should only be done if it 
is impossible to adequately cool the patient, or after adequate cooling has been verified by a 
rectal temperature. 

The only accurate or acceptable body temperature measurement in exercising individuals is 
a rectal temperature (TREC). 

EMS must ensure early pre-notification of hospitals if they will be receiving an inadequately 
cooled EHS patient, or suspect EHS in a scenario where treatment has not been initiated

AMASSIVE
STEP FORWARD

Connecticut 
June 2019



Most Important Statement of Talk

• You can avoid a lot of hassle & suffering & grief & 
lawsuits & long-term medical problems & deaths & 
horrible memories & lost 
siblings/children/grandkids/teammates/parents/spouses 
if you prevent the exertional heat stroke in the first place.  

• Preventing an EHS within the confines of sport is not 
hard to do, in fact it is pretty easy.  

• Implement best practices for PREVENTION & CARE
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