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Heat illness — Defence force

The U.S. Military Is

Report: Extreme heata  pyperiencing More Cases Of

lg;:;: threat for military 1),)055 From Extreme Heat

At least 17 people have died of heat exposure while training at bases
since 2008

How rising temps could cause even more heat
casualties at military bases




Heat illness — Defence force

The U.S. Military Is Experiencing More Heat-Related llinesses

Total number of heat stroke/exhaustion cases in the U.S. military by year

B Hospitalizations B Reportable events Ambulatory visits

@ Total heat stroke/exhaustion cases recorded in Irag/Afghanistan
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Heat illness — Defence force

Y L5, :. Australian Government

X“  Department of Defence
Defence People Group

Defence People Policy, SafetyMan

* Managing Personnel Exposure To Excessive Heat/Cold
* Managing ADF Cadet Exposure To Excessive Heat
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Outline

* Exertional heat illness

— Heat illness continuum
* Risk factors

— Heat exchange
e Physical activity in military uniforms

 Heat tolerance test
— Protocol and parameters

 Beyond one test
— Improving the outcome
— Recommendations
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Exertional heat illness



Exertional heat illness — Continuum

Minor CNS Minor CNS

Profound

Dysfunction sfunction
(headache, faint) ﬁ!adache faint) CNS Dysfunction
A b (seizure, combativeness,

Tissue Iniury loss of consciousness)

TSkin Blood Flow
Dehydration

l Cardiac Output

Rhabdomyolysis/Endotoxemia
Coagulopathy & Cytokine Storm

(thermal, hypoxia, necrosis, apoptosis)

Organ & Tissue Dysfunction
(liver, kidneys, gut, skeletal muscle)

SIRS
Circulatory Blomarkers Multi-organ Failure
l Blood Pressure of Tissue Injury and Death
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Exertional heat illness — Risk factors

Risk factor

W) Compromised Health Status

Viral or bacterial infection
Fever

Xin disorders
Cardiovascular insufficiency

Environmental factors
Heat waves
High humidity
Lack of air movement
Urban heat islands
Lack of air conditioning

mmmm) Medications (classic)
Diuretics
Anticholinergics (Atropine)
3-blockers (Propranolol)
Antihistamines
Antidepressants
Alcohol
NSAIDs (Aspirin, Acetaminophen)

mmmm) Drug Use (Exertional)
Ergogenic aids (Ephedrine)
Ecstacy (MDMA)

RHtalin
NSAIDs (Aleve)

mmmm) GCenetic conditions
Malignant hyperthermia
TLR4 polymorphisms

Effect

Augmented hyperthermic response; immunocompromised
Augmented hyperthermic response

Local inflammation; impaired sweating

Orthostatic intolerance

Prolonged environmental heat exposure

Impedes evaporative cooling

Impedes convective cooling

Higher intensity, longer duration environmental heat exposure
Impedes evaporative, convective cooling

Dehydration and salt, potassium and calcium depletion
Impaired sweating

Reduced blood pressure; reduced skin blood flow
Impaired sweating

Increased heat production

Diuresis, impaired vasomotor reflexes

Increased gut and liver toxicity

Increased activity and heat production, impaired sweating

Increased heart rate and blood pressure; sweating or chills;
increased muscle tension

Increased heart rate and blood pressure; excessive sweating

Increased gut and liver toxicity

Increased metabolic heat production
Endotoxin hyporesponsiveness

NSAIDs, nonsteroidal anti-inflammatory drugs; MDMA, 3,4-methylenedioxymethamphetamine; TLR toll-

like receptor.

Leon et al (2015) Compr Physiol
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Radiation

Heat transfer via electromagnetic waves

Conduction

Heat transfer via contact

Convection

Heat transfer via movement of fluids

Evaporation

Heat loss via vaporization of sweat

Heat exchange

Diffused
radiation

Direct

Radiation radiation
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Heat exchange — Evaporation

100

§ 75 Evaporation

2

g 50

8 Convection

L 25 Radiation
0 | | |
10 15 20 25 35 40

Ambient temperature (2C)

5

UNIVERSITY OF
CANBERRA

nnnnnnnnn
SPORT & EXERCISE



Physical exertion in the heat

Endurance training

Uncompensable heat stress
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Aovyagi et al. (1994) Eur J Appl Physiol

NBC: nuclear, biological and chemical protective ensemble



Heat tolerance test




Heat tolerance test — Protocol

Israeli Defense Force - Heat Tolerance Test
e Walking for 2 h at 5 km/h and 2% incline
e 40°C and 40% RH

Key outcomes:
* Core temperature rise with tendency to plateau <38.52C

* Heart rate increase with tendency to plateau <150 bpm
- Classified as heat tolerant or intolerant

* Sweat rate between 0.5 and 1.2 L/h — Thermal balance
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Heat tolerance test — Guidelines

* Performed a few weeks after clinical recovery from heat illness episode

e First failure - Individual considered heat intolerant
— Repeat test 2 to 3 months later

e Second failure - Definitive indication of heat intolerance
— Discontinuation of active combat duty
— Return to unsupervised recreational activity permitted

Heat Tolerance in Women—Reconsidering
the Criteria

DRruvaN A, MAKrANZ C, MoORAN D, YaNovicH R, EPSTEIN Y, HELED Y.
Heat tolerance in women—reconsidering the criteria. Aviat Space
Environ Med 2012; 83:58-60.

* Heat intolerance rate
- Men: 26%
- Women: 68%
* Aerobic fitness, lower sweat rates, different

hormonal profile, and different morphology




Beyond one test
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Training and heat acclimation

Light exercise in uncompensable heat stress

Sedentary untrained

Trained

Elevated T, | Lowered T,
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Heat acclimation
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Training and heat acclimation
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* 8 weeks of aerobic training
* 6 days of heat acclimation
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Training and heat acclimation
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Recommendations

Conduct initial VO, _ test
2max
FEMALE
(values in ml'lcg/min)
Age Very Poor Poor Fair Good Excellent Superior
13-19 <25.0 25.0-309 31.0-349 35.0-389 39.0-419 =419
20-29 <23.6 236-289 29.0-329 33.0-36.9 37.0-41.0 =41.0
30-39 <22.8 228-26.9 27.0-314 | 315-356 35.7-40.0 =40.0
40-49 <21.0 21.0-244 245-289 29.0-328 329-36.9 >36.9
50-59 <20.2 202-227 228-269 27.0-314 315-357 =357
60+ <175 175-20.1 202-244 245-302 30.3-314 =314
MALE
(values in mlkkg/min)

Age Very Poor Poor : Fair Good Excellent Superior
13-19 <35.0 35.0-383 38.4-451 452-50.9 51.0-55.9 =559
20-29 <33.0 33.0-364 36.5-424 425-464 465-524 =524
30-39 <315 315-354 355-409 41.0-449 450-494 =494
40-49 =<30.2 30.2-335 33.6-389 39.0-437 438-48.0 =48.0
50-59 <26.1 26.1-309 31.0-357 358-409 41.0-453 =453
60+ <20.5 205-26.0 26.1-322 32.3-364 36.5-442 =442

Repeat Heat Tolerance Test

Aerobic fitness — Acclimation status — Heat tolerance
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Thank you

OCCUPATIONAL PERFORMANCE SCIENCE
Special Interest Group

THE UNIVERSITY OF CANBERRA
RESEARCH INSTITUTE FOR SPORT AND EXERCISE
(UCRISE)
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Heat tolerance test — Biophysics
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5 km/h, 2% grade Time
40°C and 40% RH
120 min
60 kg 0.59 0.87
90 kg 695 968 0.72 1.39
wmax
1.0 = Maximum
0.70 = Untrained and un-acclimatised
E,.o: Requirement for evaporative cooling 0.85 = Trained _ ' @ ‘@
E,...: Maximal evaporative capacity of the environment 0.95 = Heat acclimatised o
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