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• Heat Rash, Edema, Cramps, & Syncope

• Heat Exhaustion

• Heat Stroke

• Hypothermia

• Frostbite

• Trench Foot

• Pernio

• Cold Urticaria

Thermoregulatory Physiology

OUTLINE
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PATHOPHYSIOLOGY

Source: Medical News Today

OHSU 
CPD



Source: Dupont et al, JEMS 2017
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Source: http://sportmedschool.com/heat-related-illness/
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Source: 
https://insideclimatenews.org/conten
t/infographic-what-heat-stroke-can-
do-human-body

Distributive shock → end organ ischemia → cardiac collapse
Demand ischemia (increased CO) → cell death → hyperkalemia

Protein denaturation → neuronal cell death
Distributive shock → hypoxic brain injury

Hyperventilation, hyperpnea, pulmonary vasodilation → ARDS

High vascular permeability → GI bleeding
Hepatic ischemia → liver cell apoptosis → cytokine release

Dehydration → hypoperfusion → acute renal failure

Protein denaturation → DIC, coagulopathy, embolic events

HEAT STRESS
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EPIDEMIOLOGY

• ~700 deaths per year18

• Leading cause of morbidity 
and mortality among U.S. 
high school athletes

• Early recognition and tx is 
priority

Photo sources: denverhealth.org, dreamstime.com
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Data Source: CDC
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Data Source: NOAA 2024
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Data Source: NOAA 2024
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Source: CDC
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Source: https://www.nytimes.com/interactive/2021/08/11/climate/deaths-pacific-northwest-heat-wave.html
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Source: https://www.nytimes.com/interactive/2021/08/11/climate/deaths-pacific-northwest-heat-wave.html
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HEAT INJURY

Hyperthermia: elevated body temperature due to failed thermoregulation that 
occurs when a body produces or absorbs more heat than it dissipates

Source: http://sportmedschool.com/heat-related-illness/

Spectrum of Severity
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HEAT RASH

• Management
• Cool skin

• Avoid further heat 
exposure

• Consider steroid cream

Photo Source: osfhealthcare.org, Mayo Foundation

• Clinical Features
• Maculopapular rash or fluid 

filled raised bumps

• Presents underneath clothed 
areas where fabric rubs
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HEAT CRAMPS

• Clinical Features
• Localized, painful, 

involuntary spasms of 
large skeletal muscles

Photo Source: HippoEM

• Management
• Rest
• Cool down
• Oral salt solutions or 

electrolyte replacement
• Passive stretching
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HEAT EDEMA

Photo Source: https://www.centerforvein.com/

• Management
• Extremity elevation

• Compression stockings

• Avoid high temperatures

• Diuretics ineffective

• Clinical Features
• Benign, self-limiting

• Accumulation of 
interstitial fluidOHSU 

CPD



HEAT SYNCOPE

• Management
• Rule out other medical causes
• Remove from heat
• Passive cooling
• Isotonic or hypertonic oral fluids 
• Flex leg muscles

Photo Source: HippEM

• Clinical Features
• Transient loss of 

consciousness

• Relatively rapid return 
to normal function
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HEAT EXHAUSTION

• Management
• Remove from heat

• Oral isotonic or hypertonic 
fluids

• If more severe → IV fluid 
(isotonic), 
conductive/convective cooling

Photo Source: medicalnewstoday.com

• Clinical Features
• Headache, weakness, fatigue, thirst, 

nausea, dizziness, muscle achesOHSU 
CPD



HEAT STROKE

Photo Source: survivalstronghold.com

• High mortality!

• Core temp above 40℃ (104℉) 
with nervous system 
dysfunction

• Loss of temperature regulation
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HEAT STROKE

Source: https://www.siumed.edu/

Source: metro.co.uk

Exertional

ClassicOHSU 
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HEAT STROKE

• Field Management
• Remove from heat source

• Support ABCs

• Active cooling 

• IV fluids

• Evacuation

• Hospital Management
• Foley temperature probe
• Continue active cooling
• Remove at 39℃ (102℉) 
• Cold IV fluids
• Antipyretics ineffective
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COOLING METHODS
Cold water immersion

TACO method

Evaporative & 
convective 

cooling

Hospital
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PREVENTION

• Successive exposures to heat over a week can lower 
physiologic strain by up to 20%13Acclimatization

• As little as a 2-3% decrease in body weight due to 
fluid losses correlates with elevated core 
temperatures during exertion in heat13

Hydration

• Wet-bulb globe temperature (WBGT) index

• Temperature, humidity, solar radiation

• Heat index
Environmental
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HYPOTHERMIA

Definition: Unintentional drop in 
core temperature to 35℃ (95℉) or 

below

OHSU 
CPD



Source: Dupont et al, JEMS 2017
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CLASSIFICATION
Standard Swiss Temperature Symptoms

Cold Stress -- 35 - 37℃ (95 - 98℉)
+Shivering
Able to care for oneself

Mild HT I 32 - 35℃ (90-95℉)
+Shivering
Normal mental status
Difficulty caring for oneself

Moderate HT II 28 - 32℃ (82-90℉)
Altered mental status
Usually no shivering 
Need external rewarming

Severe HT III 24 - 28℃ (75-82℉)
Unconscious
High risk of cardiac dysrhythmias or cardiac arrest

Profound
HT IV

HT V
< 24 ℃ (75℉)

Unconscious
Vital signs usually absent – apparent death
Death due to irreversible hypothermia: < 13.7℃
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CLINICAL MANIFESTATIONS

Bradycardia (below 30℃) → reduced cardiac output
Dysrhythmias

Brain activity decreases (33-34℃) → Irritability, confusion, poor 
memory, slurred speech, apathy, poor decision-making, lethargy, 
somnolence, coma

Decreased ventilatory response to CO2 → hypoventilation and 
respiratory acidosis

Cold-induced diuresis → reduced circulating blood volume

Coagulopathy and hemoconcentration
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Osborne waves in moderate hypothermia

Source: Life in the Fast Lane
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MANAGEMENT
•Mild Hypothermia

• Protect from further 
cooling

• Seek shelter
• Passive warming
• Rest for at least 30 min

Photo Source: https://www.pinterest.com/pin/525443481497961339/
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MANAGEMENT

•Moderate Hypothermia
• Active external rewarming
• Hypowrap
• Warm IV fluids
• IV or IO glucose
• Handle gently and reassess 

often
• No standing or walking

Source: American Alpine Institute

OHSU 
CPD



MANAGEMENT

• Severe Hypothermia
• Handle gently and keep 

horizontal
• ABCs

• CPR considerations
• Utility of rescue
• Active rewarming to core
• Transport carefully

Photo Source: LiveScience.com
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Source: Dow et al, Wild Environ Med, 2019

WMS Practice 
Guidelines 2019OHSU 
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Source: Zafran et al. 
Wild Environ Med. 
2014
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COMPLICATIONS

• Afterdrop
• Cold blood from extremities 

goes to core
• Worsens effects of 

hypothermia on heart and 
brain

• Affected by method of 
rewarming

Photo Source: https://openwaterswimming.com/

OHSU 
CPD



COLD WATER 
IMMERSION

• Physiologic Responses 
• Cold shock
• Cold incapacitation
• Hypothermia
• Peri-rescue collapse

• Sudden vasodilation → loss of hydrostatic 
pressure → decreased CO

• Afterdrop can worsen

Photo Source: https://openwaterswimming.com/
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FrostNIP
• Superficial nonfreezing cold 

injury
• Intense vasoconstriction
• Numbness and pallor resolve 

after warming

FrostBITE
• Freezing of tissue
• 1st - 4th degree based on 

depth of tissue affected

FREEZING INJURIES

Photo source: Auerbach’s Wilderness Medicine, 7th ed. 2017
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FROSTBITE

Field Management
• Avoid refreezing!
• Keep hydrated
• Analgesia (ibuprofen)
• Remove jewelry
• Elevate extremity
• Consider active rewarming
• Topical aloe vera
• Dry bulky dressings

Hospital Management
• Tetanus ppx
• Rewarm in warm water bath

• 98.6-102.2℉ (37-39℃)
• Iloprost – FDA approved

OHSU 
CPD



• Clinical Features
• Tingling, itching, prickliness
• Pain, swelling, numbness
• Cold and blotchy skin
• Blisters may form

TRENCH FOOT (IMMERSION FOOT)

• Management
• Apply warm packs or 

soaking in warm water for 
approximately 5 min

Source: postgraduate medical journal, BMP
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• Clinical Features
• Localized, inflammatory, bluish-

red lesions

PERNIO (CHILBLAINS)

• Management
• Dry
• Gentle massage
• Avoid active rewarming above 

30°C (86°F)
• Topical steroid if sores
• Nifedipine if severe

Source: Wikipedia
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• Clinical Features
• Localized or generalized wheals, 

redness, swelling, itching

COLD URTICARIA

• Management
• Antihistamines
• Corticosteroids, epi if severe

Source: Auerbach’s Wilderness Medicine 7th ed, 2017
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PREVENTION IS KEY

• Avoid dehydration

• Acclimatization

• Proper clothing

• Fitness level

Source: everydayhealth.com
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THANK YOU

Questions?
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