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Definition 



• Heat cramps 
• “Heat cramps" is a misnomer (not related to heat?) 

• Nearly all cases: high intensity or to exhaustion 

• Possible etiology: Dehydration, electrolytes imbalance, 
extreme environment, neurogenic fatigue… 
 

• Heat syncope 
• Also, “heat syncope” is a misnomer (not direct related) 

• Also named as “exercise associated collapse” 

• Mechanism: completes endurance event → Abrupt 
decrease in venous return  

• Symptoms signs of light-headedness, tunnel vision, pale 
and sweaty skin, and decreased pulse rate 



Heat exhaustion 
• Inability to maintain adequate cardiac output   

• Clinical criteria: difficulty continuing with exercise; Core 
temperature 38.3-40.0 degrees; No neurological defect 
(or mild) 

 

Heat stroke 
• Characterized by encephalopathy and additional organs 

damage, association with high body temperatures 

• Two main criteria: core temperature >40 degrees; CNS 
dysfunction   

• Others including: tachycardic and hypotensive; profuse 
sweating, dehydration   

 





Classification 



Classic heat stroke 

• Elderly, comorbidities, ADL dependent patient 
• Diminished thermoregulatory capacity or difficult to 

response 

• Takes long disease course (1-3 days after onset of illness) 

• More likely occurred in summer or extreme weather 
event   
 

• Prepubertal (esp infants) 
• High ratio of BSA, undeveloped thermal regulation 

system, relatively low blood volume, low sweating rate   

• Caution for a closed car!! 



Exertional heat stroke 

• Sporadic, direct to strenuous physical activity  

• Commonly occurred on athletes, laborers, soldiers   

• Over-motivation and peer-pressure (or from 
coaches) → driving to perform beyond 
physiological capacity 

• May be triggered without high environment 
temperatures 
• Other factors plays the rules of thermal regulation 

 



△ Risk factors of exertional heat stroke 



Classic 

• Source from external 

• Induced by poor heat 
dissipation 
 

Exertional 

• Source from internal 

• More complications 

 



Pathophysiology 



direct cytotoxic 



Inflammation and Coagulation 

Ref: Abderrezak Bouchama, M.D., and James P. Knochel, M.D. “Heat Stroke”. N Engl J Med 2002; 346:1978-1988        DOI: 10.1056/NEJMra011089 

• Involving endothelial 
cells, leukocytes, and 
epithelial cells 
 

• Dysregulation of 
inflammatory reaction 
(circulatory failure, 
hypoxemia, increased 
metabolic demands, 
direct thermal injury) 

→ SIRS 
 
 



Intestine Endotoxins 

• Heat stoke → decrease GI blood flow → damages 
cell-to-cell junctions → endotoxins and pathogens 
leak into systemic circulation   

 



Direct thermal injury 



Diagnosis 



The triad 

• Hyperthermia 

• Neurologic abnormalities  

• Exposure to hot weather (or physical exertion) 

 

Other symptoms signs 
• Profuse sweating, wet skin → exertional 

• Dry skin, decrease sweating gland function → classic 



Three phase 

Hyperthermic- 
neurologic 

Hematologic-
enzymatic 

Late renal-
hepatic 



Hyperthermic-Neurologic phase 

• Behavioral changes, confusion, delirium, dizziness, 
weakness, agitation, combativeness, slurred speech, 
nausea, vomiting 

• Seizures, brain edema, sphincter incontinence in 
severe cases 

• Conscious regain once the BT<40.5°C  

 
The hypothesis that damage to the preoptic anterior hypothalamus is responsible 
for the loss of thermoregulation has not been proved 

 



Hematologic-enzymatic phase 

• Multiorgan failure peak within 24-48hr 
• DIC 
• ARDS 
• Acute renal, cardiac, hepatic failure 
• Rhabdomyolysis (in exertional type) 

 

• If prompt treated, may recovered without lasting 
effects 

• Some neurologic sequelae may persisted weeks to 
months 

• If kidney/liver failure sustained (>96hr, late renal-
hepatic phase): poor prognosis 



The Autopsy Findings 

The end-organ damage is induced by: 
• Heat-induced necrotic and apoptotic cell death 

• Widespread micro-thrombosis, hemorrhage, and 
inflammatory injury 
 

 



Biomarkers 

(these biomarkers are experimental and have not been clinically tested or approved) 
 

• HMGB1  

• Neutrophil gelatinase–associated lipocalin  

• Troponin I  

• Ratio of urine heat shock protein 72 to urine Cr 

• Histone 

• Cryptdin 2 peptide 



Treatment 



Core temperature control 

• Critical threshold: 40.5°C 

• Target core BT: 38-38.5 °C 

• Need rapid and effective cooling method 

Exertional Classic 

Cooling method  • Immersion in cold water 
(0.2-0.35 °C/min) 
 

• Evaporating: Water on 
body and fanning  
(0.1 °C/min) 
 

Recommend multi-type  
• Immersion  
• Infusion  
• Ice packs 
• Evaporating  



Pharmacology treatment 

• No pharmacologic agents accelerate cooling 

• Antipyretics (Acetaminophen, aspirin, NSAIDs..) are 
not necessary, and may caused renal/kidney 
burden 

• Dantrolene currently no evidence for heat stroke 



Deal with organ damage 





Novel way for MODS 

(these medications are not been widely use clinically) 
 

• Xanthine oxidase inhibitor (allopurinol)  
• reduce portal lipopolysaccharide levels by protecting cell-to-cell 

junctions 

• Recombinant activated protein C 
• improve inflammation and the dysfunctional coagulation cascade 

• Type III antithrombin concentrate 

• Recombinant soluble thrombomodulin-α   
• treat DIC 

• Serine proteases  
• suppress pancreatic enzyme activity, reducing systemic 

inflammatory markers 



Prevention and Acclimatization 



Prevention 

Classic Exertional 

• Stay in A/C homes 
• Using fans 
• Take cool shower 
• Decrease exertion 
• Increasing social contact 

• Acclimatization 
• Matching exertion with physical fitness 
• Avoiding hot times training schedule 
• Vapor barrier clothing 
• Hydration 
• Setting rest period 
• Caution for early signs 







• Increased sweating efficiency (earlier onset of sweating, 
greater sweat production, and reduced electrolyte loss in 
sweat) 

• Circulation stabilization  
• The ability to perform work with lower core 

temperature and heart rate 
• Increased skin blood flow at a given core temperature. 

Benefits of Acclimatization 



Duration and Schedule 
• About 1-2 weeks 

 
US CDC US Army 

• New worker, add 20% exposure 
for each day 
 

• Workers who have had previous 
experience, started with  
50% exposure on D1 
60% on D2 
80% on D3 
100% on D4 

• 60% physiologic adaptations 
complete by the end of 1st week; 
80% at the end of 2nd week 
 

• Minimum daily heat exposure 
>2hr + cardiovascular 
endurance exercise (not 
strength training) 
 

• Gradually increase intensity or 
duration 



Maintaining Acclimatization   

US CDC US Army 

• Workers can maintain 
acclimatization even away 
from the job for a few 
days 
 

• Absent for a week may be 
a significant loss of  
acclimatization 

• Acclimatization will be 
retained for ~1 week, 
then 75% lost within 3 
weeks 
 

• A day or two of 
intervening cool weather 
will not interfere with 
acclimatization 
 







Thanks for listening  
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