Heat-related illnesses

1 Background  XE "Heat-related illnesses: background" 
Heat-related disorders encompass heat fatigue, heat cramps, heat exhaustion and - the most dangerous - heat stroke, also known as sunstroke. When heat is generated or gained by the body faster than it can be dissipated, heat illness occurs. Although the body initially attempts to compensate for the increased heat stress, the thermoregulatory mechanisms fail if the stress becomes too great. If this happens, development of hyperthermia accelerates and end-organ damage can occur.   

2 Heat production and regulation XE "Heat-related illnesses: heat production and regulation"  

Heat transfer to and from the body occurs via the following 4 mechanisms: 

1. Conduction is the transfer of heat via direct physical contact; it accounts for 2% of the body's heat loss. 

2. Convection is the transfer of heat from the body to the air and water vapour surrounding the body. In general, it accounts for 10% of the body's heat loss. When air temperature exceeds body temperature, the body gains heat energy. 

3. Radiation is the transfer of heat via electromagnetic waves; it accounts for most heat dissipation. As long as air temperature is less than body temperature, about 65% of the body's heat is lost by radiation. When air temperature exceeds 37°C, radiation of heat from the body ceases and evaporation becomes the only means of heat loss.

4. Evaporation is the transfer of heat by transformation of a liquid into a vapour. Evaporation depends on relative humidity. The higher the humidity, the less efficient the heat loss. If humidity reaches 100%, evaporation of sweat is no longer possible. Evaporation of 1 mL of sweat results in the loss of 0.58 kcal of heat. Thus, 1 L of sweat evaporated from the body accounts for the loss of 580 kcal of heat. An individual exercising in the heat can easily sweat 1-2 L/h.

3 Pathogenesis XE "Heat-related illnesses: pathogenesis" 
Heat exhaustion is caused by excessive fluid loss in a hot environment. It occurs when the body can no longer dissipate heat adequately because of extreme environmental conditions or increased endogenous heat production. This often occurs when people exercise, work or play in a hot, humid place and their body fluids are lost through sweating, causing the body to overheat. Heat exhaustion is typically caused when people who are not well adjusted to heat exercise in a hot, humid environment. Acute or prolonged exposure to heat with excessive sweating uncompensated by fluid intake leads to dehydration, sodium and potassium depletion and hypovolemia. Associated vomiting and diarrhoea contribute to fluid loss. The body loses a combination of fluids and salts. When this is accompanied by an inadequate replacement of fluids, disturbances in circulation may result that are similar to a mild form of shock. Heat exhaustion may progress to heat stroke when the body's thermoregulatory mechanisms become overwhelmed and fail. 
*

Heat stroke is the most severe form of heat illness. In case of heat stroke there is extreme hyperthermia with thermoregulatory failure. The condition is characterised by serious end-organ damage and cerebral involvement. Heat stroke is traditionally divided into exertional and classic varieties, which are defined by the underlying aetiology but are clinically indistinguishable. Exertional heat stroke typically occurs in younger athletic patients who exercise vigorously in a hot environment until the body's normal thermoregulatory mechanisms are overwhelmed. Classic heat stroke more commonly occurs in older patients or in patients with underlying illnesses who are exposed to extreme environmental conditions. It can even occur in people who are not exercising, if the weather is hot enough. These people have warm, flushed skin, and do not sweat. Athletes who have heat stroke after vigorous exercise in hot weather, though, may still be sweating considerably. 

*

Initially, the body attempts to lower the core temperature via renal and splanchnic vasoconstriction with concomitant peripheral vasodilatation, thereby shunting blood to the periphery. Eventually, the vasoconstriction needed to keep the blood in the periphery fails; cutaneous blood flow decreases, less heat is carried away from the core, and hyperthermia results. This hyperthermia causes cerebral oedema and cerebrovascular congestion, which culminate in increased intracranial pressure. 

*

Tissue damage during heat stroke is believed to result from metabolic uncoupling during mitochondrial oxidative phosphorylation, which occurs when the temperature exceeds 42°C [i.e. the normal obligatory linkage between the respiratory chain and the phosphorylation system is abolished]. As the adenosine triphosphate (ATP) energy reserves are depleted because of the uncoupling, cell membranes become more permeable and sodium influx into cells increases. Accelerated sodium-potassium adenosine triphosphatase activity is required to pump sodium out of the cells, resulting in a cycle of increased ATP use, more energy depletion, increased heat production, and further elevation of temperature. The declining energy reserves impair thermoregulatory mechanisms, the body loses its ability to dissipate heat, and clinical signs of heat stroke appear. Proteins begin to denature at higher temperatures, with resultant widespread tissue necrosis, organ dysfunction and organ failure.

4 Risk factors XE "Heat-related illnesses: risk factors" 
The incidence of heat-related disorders is increased in areas with higher ambient temperatures and during heat waves. Obesity, heart disease, skin diseases (e.g. scleroderma, extensive burns), dehydration (vomiting, diarrhoea), endocrine disorders (hyperthyroidism, diabetes, pheochromocytoma), neurologic diseases (autonomic neuropathies, parkinsonism, dystonias) and fever increase the risk. The same applies to exercising in a hot environment, lack of air conditioning or proper ventilation, inappropriate clothing (e.g. occlusive, heavy, vapour-impermeable), lack of acclimatisation and decreased fluid intake. Drugs such as beta-blockers, anticholinergics, phenothiazines, diuretics, antihistamines, tricyclic antidepressants, sympathomimetics [e.g. alpha-adrenergic agonists, cocaine, amphetamines], lithium, antipyretics such as salicylates as well as ethanol increase the risk. Elderly persons are at increased risk for heat-related illness because of underlying illness, medication use, declining adaptive thermoregulatory mechanisms and limited social support networks. Neonates have an increased risk of heat-related illness because of poorly-developed thermoregulatory mechanisms.

5 Symptoms XE "Heat-related illnesses: symptoms" 
Exposure to heat stress, either from increased endogenous production or from environmental sources, is essential for the diagnosis.

5.1 Symptoms, heat fatigue 

Fatigue, headache, mental confusion, heavy sweating, high pulse rate, and shallow breathing are among the symptoms.

5.2 Symptoms, heat cramps 

There are sudden incapacitating pains in the abdomen or extremities. Heat cramps are forceful and painful muscle contractions, usually in the legs. These cramps seem to be connected to heat, dehydration, and poor conditioning, rather than to lack of salt or other mineral imbalances. They usually improve with rest, drinking water, and a cool environment.

5.3 Symptoms, heat exhaustion

Symptoms of heat exhaustion are often non-specific and may be insidious in onset. These symptoms often resemble a viral illness. Fatigue and weakness, headache, nausea and vomiting, headache, myalgias, muscle cramps, dizziness and irritability can occur. In general in the event of heat exhaustion, sweating will be present and the skin will be moist, pale and clammy. There might be piloerection and tachycardia. Victims of heat exhaustion are tired but not confused. Sweating is present and the person’s temperature may be elevated, but not above 40°C.

5.4 Symptoms, heat stroke

Heat stroke may be characterised by any or all of the symptoms of heat exhaustion. Heat stroke may often develop rapidly. The critical feature of heat stroke is CNS dysfunction, which has a sudden onset in 80% of cases. CNS dysfunction includes altered mental status with confusion, disorientation, bizarre behaviour, hallucinations, delirium, and coma. It can evolve to include seizures, opisthotonus, decerebrate rigidity, cerebellar dysfunction, oculogyric crisis and fixed and dilated pupils. Although anhydrosis may be a feature of classic heat stroke, more than half of presenting patients are sweating, especially in cases of exertional heat stroke. Anhydrosis is usually a late finding. The skin will be hot and red and the person may be dizzy or nauseous. The pulse will be rapid. In heat stroke the temperature is usually higher than 41°C. Initial temperature readings may be normal or only marginally elevated if pre-hospital cooling measures were taken. The patient may exhibit signs of a hyperdynamic cardiovascular system, including tachycardia, decreased cardiac output, decreased diastolic blood pressure, decreased systemic vascular resistance and increased cardiac index. Tachyarrhythmias may not be amenable to cardioversion. Coagulation disorders include disseminated intravascular coagulation (DIC) and result in signs such as purpura, conjunctival haemorrhage, bloody diarrhoea, haemoptysis, haematuria, myocardial bleeding and intracranial haemorrhage. Respiratory symptoms include tachypnea, alkalosis, and respiratory decompensation secondary to acute respiratory distress syndrome (ARDS). Genitourinary symptoms include haematuria, oliguria, or anuria that may occur as signs of acute renal failure. Muscle cramps or flaccidity may be noted. Unlike malignant hyperthermia and neuroleptic malignant syndrome, heat stroke is not characterised by muscular rigidity. 

5.5 Symptoms, summary

Heat exhaustion

· Often pale with cool, moist skin

· Sweating profusely

· Tachycardia

· Feeling faint 

· Headache, weakness, thirst, and nausea

· Core temperature elevated, usually over 39°C 

*

Heat stroke

· Headache 

· Dizziness, agitation, confusion, hallucinations, delirium or unconscious 

· Flushed, hot, and often dry skin (be alert to previous attempts to cool the person with water)

· May have slightly elevated blood pressure at first which falls later 

· Tachycardia, possibly hyperventilation

· Core temperature of 41°C or more

· Seizures 

6 Lab studies XE "Heat-related illnesses: lab studies" 
Hepatic transaminases are elevated almost universally in heat stroke. Reconsider the diagnosis of heat stroke if aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels are within the reference ranges. Complete blood count, prothrombin time, activated partial thromboplastin time, fibrinogen, and platelets may provide evidence of DIC. Evaluate for acute renal failure (electrolytes, urea and creatinine) and acid-base disorders. Hypoglycaemia may occur because of increased use of glucose or hepatic damage leading to impaired gluconeogenesis. The CK level is elevated in rhabdomyolysis. Arterial blood gases are useful to evaluate acid-base status, pulmonary function, and tissue oxygenation. Proteinuria, haematuria, myoglobinuria, or granular casts provide evidence of acute renal failure or rhabdomyolysis. Urine specific gravity is typically increased (concentrated urine). Chest X-ray and CT-scan of the head are useful in excluding other diagnoses.

7 Treatment XE "Heat-related illnesses: treatment"  
7.1 Treatment, heat exhaustion

Home care is appropriate for mild forms of heat exhaustion. For mild cases of heat exhaustion, it is advised to rest in a cool, shaded area. Give cool fluids such as sports drinks that will replace the salt that has been lost. Salty snacks are appropriate, as tolerated. Loosen or remove clothing. Do not use an alcohol rub. Do not give any beverages containing alcohol or caffeine.

7.2 Treatment, heat stroke

Heat stroke is a medical emergency. After the patient has been removed from the hot environment, intravenous fluids are administered. Give supplemental oxygen and assisted ventilation, as indicated. Initiate cooling measures with any resources available. Evaporative cooling is the preferred cooling method because it is safe, effective, easily accomplished, and well tolerated. An ideal goal is to drop the patient’s core temperature by 0.2°C/min. Undress the patient, spray with tepid (not cold) water, and cool by large fans to maximise evaporative heat loss. Apply ice packs to the patient’s neck, axillae and groin. Alternatively, cover the patient with a wet sheet. Although ice water or slush immersion is effective at rapidly lowering body temperature, it is associated with more complications than evaporative cooling and generally is not recommended. Immersion in ice water causes peripheral vasoconstriction, shunts blood away from the periphery, and actually leads to less heat dissipation. It is also uncomfortable for the patient, limits access for cardiac and vital sign monitoring, and may result in hypothermic overshoot. The water deficit is best corrected slowly (one half of the total water depletion replaced in the first 3-6 h, with the remainder replaced over the next 6-9 h). Other modalities include ice water gastric lavage, ice water rectal lavage, ice water peritoneal lavage, and cardiopulmonary bypass. No drugs significantly reduce core temperature in patients with heat illness. 

8 Prevention XE "Heat-related illnesses: prevention" 
Avoid anticholinergics (decrease sweating), alpha-adrenergic agonists (increase peripheral resistance without increasing cardiac output) and antipyretics. An increased hypothalamic set point is not the aetiology of the increased body temperature; thus, antipyretics do not help decrease body temperature. Salicylates can worsen coagulopathies, and acetaminophen in large doses can worsen hepatic damage. Strenuous exertion in a very hot environment or in an inadequately ventilated space should be avoided, and heavy insulating clothing should not be worn. If exertion in a hot environment is unavoidable, fluid and electrolytes (often lost imperceptibly in very hot, very dry air) should be replaced by frequently drinking fluids slightly salty to taste (i.e. near isotonic), and evaporation, which helps keep the skin cool, should be facilitated by wearing open mesh clothing or using fans. Thirst is a poor indicator of dehydration. During strenuous exercise, fluids should be drunk every hour regardless of thirst. Salt tablets, which are less desirable than lightly salted beverages and foods, should not be taken unless large amounts of fluids are consumed. 
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