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Learning Objectives

 Describe the pathophysiology of Exertional Heat Illness

 Identify signs and symptoms of Exertional Heat Stroke

 Understand urgent on the field management and 
treatment of Heat Illness

Understand current evidence for prevention and 
treatment of Exertional Heat Stroke



Overview

Heat Illness
– Diagnosis
– Pathophysiology
– Risk Factors
– Evaluation / Treatment

Hydration
– NCAA / NFL data
– IV vs PO data



McNair video
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Thermoregulation  

 Production
– basal metabolism
– exercise

 Dissipation
– conduction
– radiation
– convection 
– evaporation

Sandor RP.  Phys SportsMed. 1997;25(6):35-40.

Physiology



Heat Illness Spectrum

 Heat Illness

 Heat Injury

 Heat Stroke



Exertional Heat Illness (EHI)  
 Heat edema

– initial days of heat exposure
– self-limited, mild swelling of hands / feet

 Heat cramps or Exercise Associated Muscle Cramps (EAMCs)
– skeletal muscle cramping during or after exercise
– usually abdominal and extremities

 Heat syncope
– orthostatic dizziness or sudden changes in posture in the heat

 Heat exhaustion
– orthostatic changes and dehydration
– inability to effectively exercise in the heat
– NO lab evidence of organ dysfunction 

Burke et al.  Appl Physiol. 1993;75:1019-1023.

Definitions

NATA Position Statement. Exertional Heat Illness.  Journal of Athletic Training. 2015.



Exertional Heat Illness (EHI)  
 Heat injury

– exhaustion with lab evidence of organ dysfunction
– organ and tissue injury due to high body temperature
– core body (RECTAL) temperature >40.5C (105F) 
– mental status changes (confusion → delirium)

 Heat stroke
– heat injury with neuropsychiatric impairment
– core (RECTAL) temp >40.5C (105F)
– medical emergency (coma, seizure, death)

 Rhabdomyolysis
– CPK > 5,000 (>10x upper limit) with muscle tenderness
– myoglubinuria with Cr > 2.0

Shapiro et al.  Med Sci Sports Exerc. 1990;22:4-14.

Definitions

NATA Position Statement. Exertional Heat Illness.  Journal of Athletic Training. 2015.



Drugs Reported to Predispose to Heat Stroke  

Alpha agonist
Amphetamines
Anticholinergics
Antihypertensives
Antihistamines
Anti-Parkinsonian agents
β- blockers
Calcium channel blockers
Cocaine
Diuretics
Ethanol

 Heroin
 Inhaled anesthetics
 Laxatives
 LSD
 MAO inhibitors
 Nicotine
 PCP
 Phonothiathines
 Sympathomimetics
 Thyroid agents
 TCA’s



Exertional Heat Injury (EHI)  

 Predisposing factors
− ambient temp >33°C
− obesity (BMI >27) (Level B)
− dehydration (elevated urine specific gravity, Osm) (Level B)
− lack of acclimatization (Level C)

 Incidence
− most common heat related disorder in active population
− military recruits: 13 per 10,000 
− runners:  14 per 10,000

Armstrong et al. ACSM position stand:EHI:  Med Sci Sports Exerc., pp556-572, 2007.



Exertional Heat Injury (EHI)  

 Treatment (SORT C)
− shade, remove excess clothing
− supine position, elevate legs above heart
− use fans or ice towels
− monitor vitals and CNS
− oral Hydration preferred
− IV hydration (NS or D5W) if abnormal vitals, neuro changes or 

unable to tolerate oral hydration

 Return to Play
− may return to practice within 24-48
− check urine volume and color to determine hydration level

ACSM Position Statement. EHI During Competition and Training.  Med Sci Sports Exerc. 2007.

NATA Position Statement. Exertional Heat Illness.  Journal of Athletic Training. 2015.



Exertional Heat Stroke (EHS)  

 Etiology
− hyperthermia (core temp > 40.5C or 105F)
− associated with CNS and multi-organ failure

 Predisposing factors
− WBGT > 82
− strenuous exercise (VO2 >75%) for longer than 1 hr
− obesity (BMI >28), low fitness level (VO2max <40), previous EHS history (Level B)
− sleep deprivation, sunburn, viral illness, diarrhea, medications (Level B) 
− lack of acclimatization (Level C)

 Pathophysiology
− internal organ temp rises above thermal threshold (> 40.5C)
− cell membrane is damaged and energy systems disrupted
− duration of temperature elevation NOT peak temp determines degree of injury

ACSM Position Statement. EHI During Competition and Training.  Med Sci Sports Exerc. 2007.



Exertional Heat Stroke (EHS)  

 Incidence
− football: 1 in 350,000
− marathons: 1-20  per 10,000 

 Treatment
− medical emergency
− goal core body temperature <38.9C (SORT B)
− cold water immersion provides fastest cooling and lowest mortality (Level A)
− ice water towels and ice packs provide effective but slower cooling (Level C)
− VS and rectal temperature monitoring q5-10 minutes (SORT B)

 Return to Play
− NO evidence based recommendations
− may return to practice after they reestablish heat tolerance (Level B)

ACSM Position Statement. EHI During Competition and Training.  Med Sci Sports Exerc. 2007.

Definitions

NATA Position Statement. Exertional Heat Illness.  Journal of Athletic Training. 2015.





Signs & Symptoms  

Weakness
 Fatigue 
 Dizziness/Lightheadedness
 Impaired coordination
 Headache
 Thirst 
 Slowed mentation
 Muscle cramps
 Nausea / vomiting / diarrhea

 Faintness
 Visual changes
 Ataxic gait
 Delirium
 Hypotension
 Hyperventilation
 Obtundation
 Collapse/ LOC
 Coma
 Death

ACSM Position Stand.  Med Sci Sports Exerc. 1996;28:i-vii.

Evaluation

Early Progressive

NATA Position Statement. Exertional Heat Illness.  Journal of Athletic Training. 2015.



Differential Diagnosis- EHI

Neuro
– mTBI
– CVA (Pontine or midbrain)  
– Seizure 

Cardio-Pulmonary
– MI / arrhythmia
– asthma 

Endocrine
– thyroid
– adrenal 

 Drug effect

 Infections
– meningitis
– CAP
– myocarditis
– sepsis
– viral / rickettsial disease
– malaria 

 Electrolytes
– hyponatremia
– hypoglycemia 



Exertional Heat Illness- Field Treatment

 Monitor ABC’s

 Remove clothes and place on side

 Cooling:
– ice packs to neck, groin and axilla
– move to shaded area

 Transport to “cool room” facility

Treatment



Clinical “Cool Room”  

 Patient placed in ice water filled tubs 
− 0.25°F/min versus 0.1°F/min for misters

 Continuous rectal probe monitoring

 VS q5min

 Neuro evaluation by MD

 IV fluids ?

Treatment

Weiner JS, Khogali M.  Lancet 1980; 1(8176):507-9.



Clinical “Cool Room”  

Treatment

ACSM Position Statement. EHI During Competition and Training.  Med Sci Sports Exerc. 2007.



Treatment Course in  “Cool Room”  

 Monitor VS and mental status

 Clinical response to cooling
– even 110°F will cool rapidly (within 30 min)
– if prolonged temp elevation think fever and other causes
– remove patient from ice bath when temp ≤ 102°F

 Response to IVF
– fluids until urine output
– watch for signs of pulmonary edema

Treatment



EHS Treatment Algorithm

29

NATA Position Statement. Exertional Heat Illness.  Journal of Athletic Training. 2015.



Rectal Temp ≥ 104

T ≤ 102

Continuous VS
Reassessment

Cooling 15 – 20 min

IV NS 1 L
Pool immersion

Rectal thermistor

Transport
w/ cooling

Remove from ice
Manage as appropriate

YES

NO

O’Connor et al. Managing Emergencies in Mass Participation Events: Medical Triage and Algorithms; 2001 MCMS.



Summary of the Evidence- Prevention

 Pre-participation medical screening (SORT C)
-Risk stratification 

 Heat acclimatization (SORT B)
-7 to 14 days

 Hydration (SORT B)
-Prevent body mass loss >2%

 Emergency Action Plan (EAP) (SORT C)

 Appropriate resources
-Cold-water immersion (SORT B)
-Rectal temperature (SORT A)

 Sleep, nutrition (SORT C)

 Work-to-rest ratio at practice (SORT B)31



Summary of the Evidence- Treatment

EHIs Treatment SORT

Exercise-Associated
Muscle Cramps 
(EAMCs)

-Cease exercise
-Provide sodium-
containing beverages

B

Heat Syncope -Supine with leg 
elevation

C

Exertional Heat 
Exhaustion (EHE)

-Cease exercise
-Remove from heat
-Elevate legs
-Provide fluids

C

Exertional Heat Stroke 
(EHS)

-Immediate whole-
body cold water-
immersion
-Goal core body 
temperature <38.9C

B

32



Exertional Heat Stroke- RTP Guidelines   

 Refrain from exercise for minimum 7 days 

 Follow-up physical exam and lab work in 1wk

 Need to be symptomatic & normal labs before return to activity

 Begin exercise in cool environment while gradual increasing 
duration, intensity and heat exposure for 2 wks

 If RTP difficult then consider heat tolerance test

 Clear athlete in 2-4wks if heat tolerance exists

ACSM Position Statement. EHI During Competition and Training.  Med Sci Sports Exerc. 2007.
NATA Position Statement. Exertional Heat Illness.  Journal of Athletic Training. 2015.
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Schools must follow the statewide policy when conducting outdoor practices 
and contests in all sports. The policy shall follow modified guidelines of the 
American College of Sports Medicine in regard to :
 scheduling of practices during times of various Wet Bulb Globe 

Temperature (WBGT) levels
 ratio of workout time to time allotted for rest and hydration during times of 

various WBGT levels
 WBGT levels which will result in practice(s) or contest(s) being modified or 

terminated
 An instrument scientifically approved to measure WBGT must be 

utilized at each practice and readings should be taken on the practice site 
a minimum of every hour, beginning 30 minutes before the beginning of 
practice or contest. All readings should be recorded or data logged
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Overview

Heat Illness
– Diagnosis
– Pathophysiology
– Risk Factors
– Evaluation / Treatment

Hydration
– NCAA / NFL data
– IV vs PO data
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 66% of D1 athletes are hypohydrated
 More men (47%) were hypohydrated than 

women (28%)



Br J Sports Med 2010;44:716–719. doi:716 10.1136/bjsm.2008.053249



Hydration Markers 

Barrow MW, Clark KA.  Am Fam Physician. 1998; 58(3): 749-59.

Physiology



Hydration Assessment

 Body weight can be used to detect sweat loss and fluid needs (Level A)
– AM post void, 3 consecutive measures as baseline
– 1 kg of mass loss = 1 L of sweat loss

 Usg< 1.020, Uosm< 700 = Euhydrated (Level B)
– Refractometer
– Reagent Strips



Player SPECIFIC GRAVITY Actual Value

OL
OL 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030

OL 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030

OL 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030

OL 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030 1.0222

OL 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030 1.0053

OL 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030 1.0187

OL 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030

OL 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030

QB 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030 1.0009

QB 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030

RB 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030

RB 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030

RB 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030

WR 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030 1.0229

WR 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030

WR 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030 1.0066

WR 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.026 1.028 1.029 1.030

WR 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030 1.0191

TE 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030

TE 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030 1.0031

TE 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030

TE 1.010 1.015 1.020 1.021 1.023 1.025 1.026 1.027 1.028 1.029 1.030
45
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Givan et al. Sports Health: A Multidisciplinary Approach 2012 4: 333
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