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Learning Objectives
1. Critically evaluate the patient with apparent heat

2.
3.
4.

5.

illness and formulate a treatment plan based on
evidence-based best practice.
Examine best practices in obtaining accurate vital
signs in heat illness.
Recognize the spectrum of heat illness and its
varying presentations across age.
Discuss protocols to more effectively treat heatrelated illness and prevent the morbidity & mortality
associated with heatstroke.
Obtain a better understanding of the pathophysiology
of heat exhaustion & heatstroke and the differences
in their treatment priorities.
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Pre-hospital Care In Heat Illness
• Giving you a lecture outline diminishes the
effectiveness of working through each case.
• All of the topics have been selected to
emphasize the pre-hospital assessment and care
of the heat-injured patient.
• Whenever possible, I have taken cases that I
have seen and incorporated the relevant details.
• All patient photographs are purely for illustration
only and do not portray the actual patient(s).

Introduction
Hyperthermia – elevated core body temperature
due to any cause (think S.T.E.M.I.)
S Stroke (anterior hypothalamus)
T Toxins (cocaine, crystal meth)
E Environmental (heat illness)
M Metabolic (thyroid storm)
I

Infectious (fever)

Heat Illness – primary heat syndrome (e.g.: heat
exhaustion, heatstroke, etc.)

Heat Production - Normal Physiology
Homeotherm (hō'mē-ə-thûrm')
n. An organism, such as a mammal or
bird, having a body temperature that is
constant and largely independent of the
temperature of its surroundings; an
endotherm.

Heat Production - Normal Physiology

• warm blooded

• cold blooded

• core temperature
independent of environment

• core temperature
dependent on environment

• body systems/enzymes
work at narrow temperature
range

• body systems/enzymes
work at wide range of
temperatures

• heat generating organism

• heat absorbing organism

Heat Production - Normal Physiology
Humans are
biochemical “furnaces”
that burn food to fuel
metabolic functions.
Heat production can be
↑ up to 20-fold by
strenuous exertion.
Environmental heat not only adds to the
heat load, it also interferes with heat loss.

Exercise Metabolism &
Injury
Act I
Before the race

Case #1 - 20y/o ♂ c/o collapse
CC: 20-y/o male collapses
mid-race. During your
assessment he reports
malaise, fatigue, & HA.
VS: Temporal thermometer
reads 36.6°C (97.8° F),
HR 131, RR 26, BP 97/68.
Allgs, Meds, PMHx: ???
PE: AAO x 3. Appears
dehydrated. Unable to
further assess due to near
syncope with standing.

Case #1 - 20y/o ♂ c/o collapse
The patient clinically appears to have heat illness, but the
temporal thermometer reads normal 99.1° F (37.2C).
What should you do?

Temporal thermometry in outdoor
exercise under hot conditions?
Journal of Athletic Training, 2007
Observational field study of 15 ♂ and 10 ♀
exercising outdoors under hot conditions.
Temporal artery thermometry varied by an
average of 1.46°C (2.64° F) from rectal
temperature (the gold standard).
“Oral, axillary, aural, temporal, and field
forehead temperatures were significantly
different from rectal temperature and…are
invalid for assessing hyperthermia in
individuals exercising outdoors in the heat.”
Casa DJ, Becker SM, et. al., “Validity of Devices That Assess Body Temperature During Outdoor Exercise in the
Heat,” Journal of Athletic Training 2007;42(3):333–342.

Case #1 - 20y/o ♂ c/o collapse
Repeat VS: Rectal
temperature 39.5°C
(103.1° F), HR 131,
RR 26, BP 97/68.
PE: Sweaty and ill
appearing. Diminished
pulses. Eyes are open;
purposeful movements.
Normal speech.
GCS = 15.
What condition does he
have?

Heat Exhaustion
Elevated temperature & volume depletion with vague
symptoms (fatigue, headache, warm skin +/- sweat)
that occur under conditions of heat stress.

Heat Illness: Pathophysiology
Heat Illness
Due to overproduction / absorption of heat

+
Heat Exhaustion
The race day temperature is only 82°F (27.8 C).
Why did he overheat?

Heat loss occurs via four mechanisms:
Conduction (touch)
• The transfer of heat
by direct physical
contact b/c temperature
gradient
• water is 25x greater
than air

Convection (wind chill)
• The transfer of heat by
the movement of air / H20

Radiation (sunshine)
• Heat transfer by
electromagnetic waves.

Evaporation (sweating)
• Conversion of a liquid
to the gaseous phase.
• Dominant cooling
method in hot conditions

Heat transfer is dependent upon
Temperature Gradient:
Conduction

Convection

Evaporation

Radiation

Are you hotter than the air?
If yes, then you will radiate heat out. If the air is
hotter than you, you will continue to absorb heat.
Is the air drier than your body?
If yes, then sweating will help you lose heat through
evaporation. If it is 100% humidity, however, you will
still sweat but no heat loss will occur via evaporation.

WBGT – Wet Bulb Globe Temperature
• Used by the military to prevent
heat injury
• The wet-bulb globe temperature
(WBGT) is a combination of
1) ambient temperature
2) evaporative cooling potential
(humidity and wind speed)
3) radiative heat loading
potential (sunlight and sun
angle)
• WGBT is incorporated into tables for work-to-rest
minutes at various intensities and gives
recommendations for water intake amounts
Schwerha JJ, “Occupational Medicine Forum - Heat-Related Illnesses: Opportunities for Prevention,” Journal of Occupational and
Environmental Medicine, Volume 52, Number 8, August 2010: 844-845.

WGBT – Wet Bulb Globe Temperature

http://blog.mesonet.org/agriculture/wet-bulb-globe-temperature-what-it-is-and-how-to-use-it/. Last accesed 9-14-16.

Exercise Metabolism &
Injury
Act I
Before the race

Case #2 - 26y/o ♀ c/o “sick”
CC: 26-y/o female feels “sick”
at work. This is her third
shift at the local vegetable
processing plant. She
feels “light-headed and
overheated,” but her
coworkers are fine.
VS: 37.6°C (99.7° F), HR
112, RR 20, BP 119/98
Allgs, Meds, PMHx: Ø
PE: AAO x 3. Appears hot &
tired. Skin is soaked with
sweat under uniform.

Case #2 - 26y/o ♀ c/o “sick”

She clinically appears to have heat illness, but everyone
else at work under identical conditions is fine.
Boss is complaining that she is “faking it” to get out of work
and wants you to rapidly asses & clear her and not
transport her to the local Emergency Department.
What is her problem and what should you do?

Thermal Maximum
The point at which your body
cannot tolerate heat any
longer and damage occurs.

x

Case #2 - 26y/o ♀ c/o syncope
Why is everyone else at work asymptomatic?

Heat Illness – Acclimatization
A constellation of
physiologic adaptations that
appear in a normal person
as the result of repeated
exposures to heat stress.
The body will re-adjust by:
• Expansion of plasma volume
• Earlier onset of sweating
• ↑ Sweat volume
• ↓ Sweat electrolyte concentration
• Up-regulating heat shock proteins

Heat Illness – Acclimatization
• Exposure to work and
heat for 100min/day →
near-maximal
acclimatization in 7 to 14
days
• Acclimatization can be
very effective in
preventing heat illness
To maintain acclimatization, re-exposure
must continue at least on 4-day intervals.

Case #2 - 26y/o ♀ c/o “sick”
What treatment does she need, if any?

Heat Exhaustion: Treatment

x
•
•
•
•

=

Rest, cool environment
Heat exhaustion is 1° volume depletion problem
Rapid recovery follows fluid administration
Volume replacement is key!
key
Scott Votey, MD. Emergency Medicine Reviews and Perspectives, “Heat Illness,” April 2007, audio CD.
Marx. Rosen’s Emergency Medicine: Concepts and Clinical Practice, 6th ed., 2006, Chap 139, “Heat Illness.”

Case #2 - 26y/o ♀ c/o “sick”

Boss wants to know if she can could come back
work tomorrow and be okay.
What do you think?

to

Heat Illness – Re-exposure Vulnerability
• Re-exposure to the
same hot environment
will almost certainly →
recurrence of heat
illness.
• The American College of Sports Medicine
recommends patients with heat exhaustion abstain
from training and competition for 1 to 2 days.
• Re-introduction to the causative environment
should be gradual, be interspersed with frequent
rest / cooling breaks, and emphasize PO fluids.
Santelli J, Sullivan JM, Czarnik A, Bedolla J, “Heat Illness In The Emergency Department: Keeping Your Cool,” Emergency Medicine
Practice, August 2014, Vol 16, No 8,1-24.

Exercise Metabolism &
Injury
Act I
Before the race

Case #3 - 20y/o ♀ c/o seizure
CC: 20-y/o ♀ collapses
mid-race. Witnesses
describe stagger →
stumbling → collapse →
brief generalized seizure.

FALSE. A patient with a temperature
≥ 90°F (32°C) with ongoing AMS
needs further workup as to why:
intoxication, trauma, infection, etc.

VS: Rectal temp 40.6°C
(105° F), HR 166, RR 32,
BP 68/45, SaO2 96%
PE: Eyes closed,
incomprehensible sounds,
withdraws to pain. GCS =
7. On arrival is lying on
asphalt in middle of road.
Skin is hot and dry.

Case #3 - 20y/o ♀ c/o seizure
Your partner is like a kid on
Christmas morning with the
new video laryngoscope in
hand and keeps telling you
“GCS less than 8?
Intubate!”
What are your treatment
priorities for this patient lying
in the middle of the street?
What are you going to do first,
second, then third—and most
importantly, why?

FALSE. A patient with a temperature
≥ 90°F (32°C) with ongoing AMS
needs further workup as to why:
intoxication, trauma, infection, etc.

Case #3 - 20y/o ♀ c/o seizure
Step 1. Secure the scene.
Step 2. Immediately begin
cooling the patient.

FALSE. A patient with a temperature
≥ 90°F (32°C) with ongoing AMS
needs further workup as to why:
intoxication, trauma, infection, etc.

Step 3. Now you are able to
thoughtfully evaluate and
treat the ABCDEs.
BTW, what’s wrong with
her?

Exertional Heatstroke
Catastrophic, life-threatening extreme of
heat illness:
• Thermoregulatory responses are
overwhelmed and fail
• Altered mental status
• Multi-system tissue damage and
organ dysfunction / failure

The two main criteria for Heatstroke are a Rectal
Temperature > 40°C (104° F) and CNS Dysfunction.
CNS Dysfunction is the hallmark of heatstroke.

Exertional Heatstroke
Who: Typically exertional in younger, healthier
patients whose heat-dispelling mechanisms
are overwhelmed by endogenous heat
production
When: Heavy physical exertion during high heat
& humidity; also associated with cocaine use
Fluid intake is the most critical variable.
Sx: Profound CNS dysfunction (delirium, coma, opisthotonus,
hallucinations, decerebrate rigidity, seizure, cerebellar dysfxn.)
Sn: Hyperdynamic cardiovascular systems with ↓ BP and ↑ HR
Labs: May also see hypoglycemia, rhabdomyolysis, acute renal
failure, coagulopathy, hyponatremia, and hepatic injury

Case #3 - 20y/o ♀ c/o seizure
Why is a lack of
adequate fluid
intake such a
critical
component of
exertional heat
illness?

FALSE. A patient with a temperature
≥ 90°F (32°C) with ongoing AMS
needs further workup as to why:
intoxication, trauma, infection, etc.

Fluid Intake & Exertional Heat Illness
↑ Heat prodxn.

↑ CO

X

↑ Sweating
Evaporative
cooling

↓ CO /
perfusion
↓ Sweating
↑ Heat burden
↑ Core temp.

Asplund CA, O’Connor FG, Noakes TD, “Exercise-associated
collapse: an evidence-based review and primer for clinicians,”
British Journal of Sports Medicine, 2011;45: 1157–1162.

Case #3 - 20y/o ♀ c/o seizure
Your partner does a chem
stick and notes her
blood sugar is
135mg/dL.
Why does she have
altered mental status?

FALSE. A patient with a temperature
≥ 90°F (32°C) with ongoing AMS
needs further workup as to why:
intoxication, trauma, infection, etc.

Heatstroke: Pathophysiology

?
Heat Exhaustion

Heat Stroke

Why does a change in mental status distinguish
heat exhaustion from heat stroke?

Heatstroke: Pathophysiology
• Brain is most affected by heat
• Brain cools poorly due to skull
• Brain’s primary cooling
mechanism is by blood flow
• Blood flow markedly decreased in
heatstroke

Heat Stroke

• Brain particularly susceptible to
inflammatory cascade (i.e.: sepsis)
→ encephalopathy

Mild

Moderate

Severe

AMS / confused

Sleepy / seizure

Coma / dying

Case #3 - 20y/o ♀ c/o seizure
Race personnel arrive just
after you have obtained
IV access and are
preparing to transport
the patient.

FALSE. A patient with a temperature
≥ 90°F (32°C) with ongoing AMS
needs further workup as to why:
intoxication, trauma, infection, etc.

They have an ice water
immersion tank ¼ mile
from your location. The
ED transfer will take
about 25 minutes due to
traffic & road closures.
What should you do?

Heatstroke: Treatment

x

=

• Immediate, rapid cooling via ice / cold water
immersion should be used on site (if available)
• Ice packs to neck, groin, and axillae
• Mortality rate associated with exertional heatstroke
directly correlates with the length of time it takes to
cool the patient
Clements JM, Casa DJ, “Ice-Water Immersion and Cold-Water Immersion Provide Similar Cooling Rates in Runners With ExerciseInduced Hyperthermia,” Journal of Athletic Training , 2002;37(2):146–150.

Heatstroke: Treatment
Ice / Cold Water Immersion
Results in rapid reduction of
core temperature within 10
to 40 min (0.15-0.31C/min.)
Water temperature should
be < 15°C (60° F).
Patient should be removed
at rectal temp 39°C (102°F).
Remember, “cool first-transport second”
252 military recruits with EHS treated with ice water immersion over
15 year period → no deaths.
Chang TL, Shahin A, “Heat Illness Guidelines,” University of Nevada Sports Medicine, August 2010 .
Clements JM, Casa DJ, “Ice-Water Immersion and Cold-Water Immersion Provide Similar Cooling Rates in Runners With
Exercise-Induced Hyperthermia,” Journal of Athletic Training , 2002;37(2):146–150.
Costrini A, “Emergency treatment of exertional heatstroke and comparison of whole body cooling techniques. Medical
Science and Sports Exercise. 1990;22:15–18.

Heatstroke: Treatment

Heatstroke: Treatment

Heat Exhaustion vs. Heatstroke

Heatstroke
Heat Exhaustion
Temp. normal or < 104° F (40 C)

Temp. usually > 104° F (40 C)

Intact CNS / mental status

Coma, seizures, delirium

Sweating usually preserved

Hot, dry skin more common

LFTs usually in 1,000s

LFTs usually in 10,000s

Volume replacement is key

Immediate cooling is key

Exercise Metabolism &
Injury
Act I
Before the race

Case #4 / 87-year-old ♀ with AMS
CC: 911 call for elderly female
found by neighbor with AMS.
VS: HR 158 and irregular,
RR 40s, BP 182/105, SaO2 82%
Allgs, Meds, PMHx: ???
PE: Poorly responsive. Skin
hot, dry, and flushed. Opens
eyes to pain, confused/garbled
speech, localizes to pain.
GCS = 10. On arrival is in
wheelchair with windows
closed. No AC. Outdoor temps
in the high 90s.
What would you like to do first?

Case #4 / 87-year-old ♀ with AMS
You move her to
the rig and
establish IV access.
Undressing her
doesn’t show you
anything else so
you begin going
down your ABCDEs
as you transport.
Given that this is a
presentation about
heat illness (and
not sepsis), what do
think is wrong with
this patient?

What? – Classic Heatstroke
Who: Elderly, invalids, infants, or others
with limited access to water who cannot
tolerate heat or compensate well
Also: Chronic
diseases,
alcoholism,
schizophrenia
When: Periods of high heat & humidity (summer heat waves)
Where: Under-ventilated dwellings, no AC, hot/humid environments
How: Medications such as diuretics, anti-hypertensives, neuroleptics,
anticholinergics
Why: Environmental heat overwhelms body’s cooling mechanisms

Who? – Populations at Risk for Heat Illness

Where & When? - Populations at Risk for Heat Illness
Illness – CHF, peripheral
vascular disease, obesity
Meds / Drugs – cocaine,
β-blockers, PCP, meth

Simultaneous fever
or dehydration

Impaired judgment – mental illness,
alcohol intoxication, dementia
Exposure – farm workers, athletes,
construction workers, heavy industry
Immobility – infants (left in car),
disabled, elderly
Socioeconomic – poor people
(25% U.S. homes lack air conditioning)

Case #4 / 87-year-old ♀ with AMS
Other than her
extremely hot
apartment,
what else
contributed to
the heatstroke
in this elderly
female with a
history of HTN,
DM, CHF, and
dependent
edema?

Heat transfer: Humans ≈ Autos

Classic Heatstroke vs.
Exertional Heatstroke
Classic
Heatstroke

Exertional
Heatstroke

Classic Heatstroke vs. Exertional Heatstroke

Who?
Classic Heatstroke
Exertional Heatstroke
Why?
Older and sedentary
Often younger and healthy
When?
Predisposing illness/medications
Exertional
Skin?
Heat wave occurrence
Sporadic / Summer training
Sugar?
Anhidrosis
Diaphoresis
Normoglycemic
Hypoglycemic
Rhabdo?
DIC, Rhabdomyolysis
Mild coagulopathy, ↑ CPK
pH?
Mild acidosis
Marked lactic acidosis
UOP?
Oliguria
Acute renal failure
++
Ca
Normocalcemia
Hypocaclemia

Do you remember when…
Bystander CPR went
from ABC to CAB?

Trauma went from ABCDE to cABCDE?

C
AB
C

Cool the Patient!
Airway
Breathing
Circulation

<40 C
<104°F

Airway
• Aspiration and seizure are common in
heatstroke, anticipate both!
• Airway control is essential
• Paralyze with a non-depolarizing agent
(rhabdomyolysis → hyperkalemia)

Breathing
• Hypoxemia may occur due to aspiration,
pneumonitis, pulmonary infarct / bleeding /
edema
• Metabolic demands are increased and normal
ventilation rates may be inadequate

C

Circulation
• Hypotension is common in heatstroke due to peripheral
vasodilation and high-output cardiac failure
• IVF needs in heatstroke often moderate (1L in first 4 hours)
• Pulmonary edema can occur and be exacerbated by
overzealous IVF
• Cooling → vasoconstriction → increased BP
• Tachyarrhythmias are common; avoid α-adrenergic
(norepinephrine) as well as atropine & other anticholinergics

Dextrose
• Hypoglycemia is common in heatstroke due
to peripheral vasodilation and high-output
cardiac failure

How do we best cool the patient?
• Ice water immersion – absolutely the most effective
method, but logistically difficult
• Evaporative cooling – fan patient with tepid mist/wet sheet
• Rotating ice-water towels – apply six at a time to patient
while the other six refresh
• Rehydration – chilled normal saline IV 500mL/hour
• Ice packs – groin, neck, and axillae to cool large arteries
• Antipyretics – will NOT help in heat illness
• Cooling blanket – not as effective as mist / fan technique
and largely inadequate in most instances

Treatment: Ice Water Immersion
Ice Water Immersion
Results in rapid reduction
of core temperature within
10 to 40 minutes.
Technically difficult in the
back of the ambulance -“Has anyone seen the
bathtub filled with ice?”
Military studies of EHS treated with ice H2O immersion = no deaths.
When the core temperature is decreased to < 104°F (40C) within
thirty minutes, the mortality rate approaches zero.
Beller, GA, Boyd, AE III: “Heat Stroke: A report of 13 consecutive cases without mortality despite severe hyperpyrexia an neurologic
dysfunction.” Military Medicine, 140:464, 1975.
Casa DJ, Armstrong LE, Kenny GP, et. al., “Exertional Heat Stroke: New Concepts Regarding Cause and Care,” Current Sports Medicine
Reports, 2012;11(3):115-123.

Treatment: Evaporative Cooling

+

Evaporative Cooling
Tepid water (104°F)
and large fans
blowing (relatively
warm) dry air.
Goal is to maximize
evaporative cooling
while minimizing
shivering.

Treatment: Rotating Ice Water Towels

+
Rotating Ice-Water Towels: Wet towels soaked in ice water are
placed on patient in a rotating fashion.
Uses conduction method of cooling. Water promotes more
rapid cooling than a dry cooling blanket.

Treatment: Rehydration
Rehydration – oral in
mild/moderate cases
(50:50 Gatorade & H2O)
+/- IVF 0.9 NS)
Be cautious with oral
rehydration via free
water as it can lead to
hyponatremia

+

Treatment: Ice Packs to Large Arteries

How? - Treatment
Cardiopulmonary bypass / dialysis
Rarely if ever used.

IV Antibiotics – Administer
only if sepsis is part of
differential diagnosis
(and culture first)

Antipyretics – won’t help in true heat illness;
but may be considered if fever also suspected.

Heatstroke – Pitfalls
• Not obtaining a core temperature!
• Not realizing core temperature may be
< 104°F (40 C) on evaluation ← cooling
• Transporting instead of treating on site
• Thinking “it can’t be heatstroke”
because sweating is still present
• Forgetting the cABCDEs
• Ignoring other potential causes (sepsis, toxicology, serotonin
syndrome, hyponatremia, meningitis, etc.)
• NOT immediately cooling the patient!
• Using the wrong (or inadequate) cooling methods to cool the
patient (Ice Water Immersion is preferred on-site tx modality)

Summary – Heat Illness

+

Summary – Heat Illness

x
Summary – Heat Illness

?
Heat Exhaustion

Heat Stroke

The two main criteria for Heatstroke are a Rectal
Temperature > 40 C (>104° F) and CNS Dysfunction.

Summary – Heat Illness

Summary – Heat Illness

<40 C
<104°F
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