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What is heatstroke? Perform a ddx. Explain the pathophysiology of heatstroke. 
What precedes heatstroke? List 22 guidelines of heatstroke.

Heatstroke is a severe and life-threatening condition that occurs when the body's 
temperature regulation system fails, leading to a dangerously high core body 
temperature (typically 104^\circ\text{F} (40^\circ\text{C}) or higher) and central 
nervous system dysfunction. It's the most serious form of heat-related illness and 
can result in multi-organ damage, seizures, coma, and even death if not treated 
promptly.
There are two main types:

1. Non-exertional (classic) heatstroke: Usually occurs after prolonged exposure 
to hot, humid environments, often affecting older adults, very young children, 
and individuals with chronic health conditions who may not be able to 
adequately cool themselves.

2. Exertional heatstroke: Caused by intense physical activity in hot weather, 
leading to a rapid increase in body temperature. It can affect anyone, but is 
more common in athletes, military personnel, and outdoor workers.

Differential Diagnosis (DDx) of Heatstroke

When a patient presents with hyperthermia and altered mental status, it's crucial 
to consider other conditions that can mimic heatstroke. The differential diagnosis 
for hyperthermia with central nervous system (CNS) manifestations includes:

1. Environmental Heat-Related Illnesses (less severe forms):
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2. Heat Exhaustion: Characterized by heavy sweating, weakness, dizziness, 
headache, nausea, and a core body temperature usually between 
101^\circ\text{F} and 104^\circ\text{F} (38.3^\circ\text{C} to 40^\circ\text{C}). 
Mental status is typically preserved, although the person may feel tired or 
irritable.

3. Heat Cramps: Painful muscle spasms due to salt and water loss from 
sweating.

4. Heat Syncope: Fainting or dizziness due to temporary pooling of blood in the 
legs, often after standing still in the heat.

5. Toxicologic Causes (Drug-Induced Hyperthermia Syndromes):

6. Neuroleptic Malignant Syndrome (NMS): Associated with antipsychotic 
medications, characterized by severe muscle rigidity, fever, altered mental 
status, and autonomic dysfunction.

7. Serotonin Syndrome: Caused by excessive serotonin activity, often from 
certain antidepressants or other serotonergic drugs. Symptoms include 
hyperthermia, muscle rigidity (especially in the lower extremities), 
hyperreflexia, agitation, and autonomic instability.

8. Malignant Hyperthermia (MH): A rare, inherited disorder triggered by certain 
anesthetic agents or muscle relaxants, causing a rapid and uncontrolled 
increase in body temperature, severe muscle contractions, and metabolic 
derangements.

9. Sympathomimetic Overdose: (e.g., cocaine, amphetamines, ecstasy) Can 
cause hyperthermia, agitation, tachycardia, hypertension, and seizures.

10. Anticholinergic Toxicity: (e.g., antihistamines, tricyclic antidepressants) Can 
lead to "hot as a hare, red as a beet, dry as a bone, mad as a hatter, blind as a 
bat" symptoms, including hyperthermia due to impaired sweating.

11. Salicylate Intoxication: (e.g., aspirin overdose) Can cause hyperthermia, 
metabolic acidosis, tachypnea, and altered mental status.

12. Central Nervous System (CNS) Disorders:

13. Meningitis/Encephalitis: Infections of the brain and its membranes can cause 
fever, headache, altered mental status, and neck stiffness.
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14. Cerebrovascular Accident (CVA) or Hemorrhage (Stroke): Damage to the 
hypothalamus (the brain's thermoregulatory center) can impair temperature 
control.

15. Brain Abscess: A localized infection in the brain.

16. Endocrinopathies:

17. Thyroid Storm: A life-threatening exacerbation of hyperthyroidism, leading to 
extreme hypermetabolism, severe hyperthermia, tachycardia, and altered 
mental status.

18. Pheochromocytoma: A tumor of the adrenal gland that produces excessive 
catecholamines, causing paroxysmal or sustained hypertension, tachycardia, 
and sometimes hyperthermia.

19. Adrenal Crisis: (Addisonian crisis) Can cause hypotension, electrolyte 
abnormalities, and sometimes fever.

20. Sepsis/Severe Infection:

21. While infection usually doesn't cause the extreme temperature elevation seen 
in heatstroke, severe sepsis or septic shock can present with hyperthermia 
and altered mental status, especially in immunocompromised individuals or 
those with impaired thermoregulation due to other factors (e.g., certain 
medications).
Pathophysiology of Heatstroke
The pathophysiology of heatstroke is complex and involves a cascade of 
events leading to systemic inflammatory response syndrome (SIRS) and multi-
organ dysfunction.

22. Impaired Thermoregulation: The primary mechanism is the body's inability to 
dissipate heat effectively.

Increased Heat Production/Gain: This can be due to high environmental 
temperatures, increased metabolic activity (e.g., exercise, fever), or 
impaired heat loss.

Failure of Heat Dissipation: In heat, the body attempts to cool itself 
primarily through sweating and increased cutaneous blood flow 
(vasodilation). In heatstroke, these mechanisms become overwhelmed or 
fail. Sweat production may cease (anhidrosis in classic heatstroke) or be 
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inadequate despite profuse sweating (exertional heatstroke). Vasodilation 
can lead to a redistribution of blood flow away from vital organs to the 
skin, further stressing the cardiovascular system.

23. Cellular and Organ Damage:

Direct Thermal Injury: High temperatures directly denature proteins, 
damage cell membranes, and impair enzymatic function across various 
organs, including the brain, liver, kidneys, and muscles.

Systemic Inflammatory Response Syndrome (SIRS): Hyperthermia causes 
widespread cellular damage, leading to the release of pro-inflammatory 
cytokines (e.g., TNF-\alpha, IL-1, IL-6). This triggers a SIRS response.

Endotoxin Leakage: As core body temperature rises, the gut barrier 
becomes compromised, allowing endotoxins (lipopolysaccharides from 
gut bacteria) to leak into the systemic circulation. These endotoxins 
further amplify the SIRS response.

Coagulopathy and Disseminated Intravascular Coagulation (DIC): The 
systemic inflammation and endothelial damage can activate the 
coagulation cascade, leading to a state of hypercoagulability followed by 
widespread microvascular thrombosis and consumption of clotting factors, 
ultimately resulting in DIC.

Oxidative Stress: Hyperthermia generates reactive oxygen species, 
contributing to cellular damage.

24. Organ-Specific Manifestations:

Central Nervous System (CNS): The brain is highly susceptible to heat 
injury. Direct thermal damage and impaired cerebral blood flow lead to 
cerebral edema, neuronal dysfunction, and breakdown of the blood-brain 
barrier, resulting in altered mental status, confusion, seizures, and coma.

Cardiovascular System: Initial compensatory mechanisms involve 
increased heart rate and cardiac output to maintain blood pressure and 
dissipate heat. However, prolonged heat stress, dehydration, and direct 
myocardial injury can lead to myocardial dysfunction, arrhythmias, and 
hypotension.
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Renal System: Dehydration, rhabdomyolysis (breakdown of muscle tissue 
releasing myoglobin), and direct renal injury can cause acute kidney injury 
(AKI). Myoglobin can precipitate in the renal tubules, leading to acute 
tubular necrosis.

Hepatic System: The liver is also highly vulnerable to heat. Direct thermal 
injury, hypoperfusion, and the systemic inflammatory response can cause 
hepatocellular damage, leading to elevated liver enzymes and, in severe 
cases, acute liver failure.

Musculoskeletal System: Rhabdomyolysis is common, especially in 
exertional heatstroke, due to direct thermal injury to muscle cells and 
increased muscle activity.

Hematologic System: DIC, as mentioned, is a severe complication, leading 
to bleeding and clotting abnormalities.

What Precedes Heatstroke?
Heatstroke is the most severe form of heat-related illness, and it is typically 
preceded by less severe stages. Recognizing these preceding signs is crucial for 
prevention.

The stages of heat-related illness often progress as follows:

1. Thirst: This is the body's earliest signal of dehydration.

2. Heat Cramps: Painful, involuntary muscle spasms that occur during or after 
physical exertion in the heat. They are caused by electrolyte imbalances, 
particularly sodium and water loss through sweating. Common sites include 
the calves, thighs, and abdomen.

3. Heat Exhaustion: This is a more serious condition where the body loses 
excessive water and salt, usually through profuse sweating. Symptoms of heat 
exhaustion include:

Heavy sweating

Pale, cool, clammy skin (though skin may be flushed)

Fatigue, weakness, or tiredness
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Headache

Dizziness or lightheadedness

Nausea and/or vomiting

Muscle cramps

Rapid, weak pulse

Low blood pressure (especially upon standing)

Irritability

Extreme thirst

Decreased urine output

Fainting (heat syncope can occur as a distinct entity or as part of heat 
exhaustion)
A person with heat exhaustion is typically still able to sweat and may have 
a body temperature that is elevated but usually below 104^\circ\text{F} 
(40^\circ\text{C}). If not treated, heat exhaustion can quickly progress to 
heatstroke.

22 Guidelines for Heatstroke (Prevention and Management)

Here are 22 guidelines encompassing both prevention and initial management 
of heatstroke, drawing from general recommendations by health 
organizations:
Prevention Guidelines:

1. Stay Hydrated: Drink plenty of fluids (water or electrolyte-rich beverages) 
throughout the day, even if not thirsty. Avoid sugary, caffeinated, and 
alcoholic drinks.

2. Check Urine Color: Light yellow or clear urine usually indicates adequate 
hydration.

3. Limit Outdoor Activity During Peak Heat: Schedule strenuous outdoor 
activities during the coolest parts of the day (early morning or late 
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evening).

4. Seek Air Conditioning/Cool Places: Spend as much time as possible in air-
conditioned environments. If you don't have AC, go to public cooling 
centers, libraries, or malls.

5. Wear Appropriate Clothing: Choose lightweight, loose-fitting, and light-
colored clothing.

6. Take Regular Breaks: When working or exercising in the heat, take 
frequent breaks in shaded or cool areas.

7. Acclimatize Gradually: If you're not used to hot weather, gradually increase 
your exposure and activity levels over several days or weeks.

8. Know Your Risk Factors: Be aware if you are an older adult, very young 
child, have chronic medical conditions (e.g., heart disease, diabetes), or 
take medications that affect heat tolerance (e.g., anticholinergics, 
diuretics). Consult your doctor for a "Heat Action Plan."

9. Never Leave Anyone in a Parked Car: Temperatures inside a vehicle can 
rise rapidly to dangerous levels, even with windows cracked. This applies 
to children, pets, and vulnerable adults.

10. Check on Vulnerable Individuals: Regularly check on friends, family, and 
neighbors who are at higher risk, especially if they live alone.

11. Protect from Sunburn: Use sunscreen and wear wide-brimmed hats 
outdoors, as sunburn affects the body's ability to cool itself.
Management Guidelines (First Aid and Medical):

12. Recognize Symptoms Early: Be aware of the signs of heat exhaustion and 
heatstroke (as listed above).

13. Call Emergency Services (911/Local Equivalent) IMMEDIATELY: If 
heatstroke is suspected (high body temperature, altered mental status), 
consider it a medical emergency. "Cool First, Transport Second" is often 
the mantra for exertional heatstroke.

14. Move the Person to a Cooler Environment: Get them out of the heat and 
into a shaded area or air-conditioned room.
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15. Remove Excess Clothing/Equipment: Loosen or remove unnecessary 
clothing to facilitate cooling.

16. Initiate Rapid Cooling: This is the most critical step. Methods include:

Cold Water Immersion: (Most effective) Place the person in a tub or 
tank of cold water (ice water is ideal, 35-58^\circ\text{F} or 1.6-
14.4^\circ\text{C}), constantly stirring the water and adding ice. Aim for 
cooling within 30 minutes.

Evaporative Cooling: Spray the person with cool water and fan them 
vigorously.

Ice Packs/Cold Compresses: Place ice packs or cool, wet towels on 
the neck, armpits, groin, and scalp where major blood vessels are 
close to the skin.

Cool Damp Sheets: Cover the person with cool, damp sheets.

17. Monitor Body Temperature: Continuously monitor core body temperature 
(rectal temperature is most accurate) until it drops to a safe level (101-
102^\circ\text{F} or 38.3-38.9^\circ\text{C}).

18. Maintain Airway, Breathing, and Circulation (ABC): Ensure the person's 
airway is open, they are breathing adequately, and they have a pulse. Be 
prepared to perform CPR if they lose consciousness and show no signs of 
circulation.

19. Do NOT Give Fluids to Unconscious Persons: If the person is unconscious 
or has altered mental status, do not attempt to give them fluids by mouth, 
as they could aspirate.

20. If Conscious, Offer Fluids: If the person is conscious and able to swallow, 
offer sips of chilled water or an electrolyte-rich sports drink.

21. Avoid Certain Medications: Do not routinely administer antipyretics like 
acetaminophen (Tylenol) or NSAIDs (ibuprofen) for temperature reduction 
in heatstroke, as they are ineffective and may worsen complications like 
liver or kidney injury. Dantrolene is not recommended for heatstroke.

22. Seek Hospitalization: Even if initial cooling is successful, medical 
evaluation and often hospitalization are necessary to assess for organ 
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damage and manage complications.
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