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Objectives
After reading this article you will be able to: 

1. List the signs & symptoms of hypothermia. 

2. List the methods of heat loss. 

3. Discuss the treatment for hypothermia. 
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Signs and symptoms (S/Sx) of hypothermia are related to central nervous system (CNS) changes and are demonstrations of the body’s compensatory mechanisms at work. Early recognition of the condition relies largely on the rescuer’s index of suspicion, based upon observation.

What causes hypothermia? Excessive heat loss due to environmental exposure or decreased heat production caused by pre-existing medical conditions, ingested substances or medications.

Identification
Hypothermia is an abnormal vital sign, not a disease. It is also a complex syndrome that is still not completely understood. Much of our current treatment has been discovered by trial and error.

Strictly speaking, hypothermia refers to any core body temperature (CBT) below the normothermic level of approximately 99 F (37 C). Whether or not the patient suffers a secondary condition as a result of that lowered CBT depends on 

1. The depth of hypothermia 

2. The action and duration of onset 

3. Complicating factors 

From a clinical perspective, any CBT <95 F (35 C) is considered significant, since at or below this temperature, the body typically does not generate sufficient heat to restore normothermia or maintain proper organ function.

A CBT <95 F (35 C) but >90 F (32 C) is classified as mild hypothermia, while a CBT <90 F (32 C) is considered severe. Acute hypothermia is rapid in onset, developing over minutes to hours, while chronic hypothermia takes days to develop. We must also consider whether hypothermia is the primary etiology of the patient’s presentation or secondary to a complication of some predisposing condition. The combination of these factors will help determine how serious the patient's condition is and how aggressive treatment needs to be.

CBT normally varies by several degrees throughout the day and as a result of activity. The body’s thermoregulatory system is controlled by the hypothalamus and is directed toward maintaining normothermia by adding or shedding heat as required. Heat loss may surpass the body’s ability to compensate due to a variety of environmental considerations, contributory illnesses, medications, or ingested substances.

	Table 1
Method of Heat Loss

	Conduction
Heat lost through direct contact with a cold surface, e.g., patient lying on a sidewalk.

	Convection
Heat lost by movement of air over the body surface, e.g., patient sitting in a draft.

	Radiation
Heat lost by direct transmission to the air, e.g., patient left uncovered.

	Evaporation
Heat lost by drying of moisture on skin, e.g., patient left in wet clothing.

	Respiration
Heat lost when cold, inhaled air is warmed in the respiratory tract, e.g., patient breathing O2 from a cold tank.


 

	Table 2
Conditions, Medications and Substances that Predispose to Hypothermia

	Conditions

	Exhaustion 

Diabetes mellitus

Hypothyroidism
	Iron deficiency 

Anorexia

Chronic renal failure

	Medications

	Tricyclic antidepressants 

Narcotics

Benzodiazepines 
	Phenothiazines 

Steroids

NSAIDs

	Substances

	Opiates 

Narcotics

Caffeine
	Alcohol 

Nicotine


Recognition
When heat loss exceeds production and the CBT begins to drop, people present initially with signs of thermoregulatory mechanisms at work. Shivering increases heat up to five times the normal rate through muscular activity. Peripheral vasoconstriction results in cool, pale extremities as a result of decreased perfusion but allows the return of warm blood to the core and vital organs since the deep vasculature constricts only minimally.

Ataxia, a staggering gait, may be seen even while the CBT is near normal as the decreased temperature directly affects the peripheral nerves. As the CBT continues to drop, patients will display deterioration in cognitive functioning and progress to alterations in level of consciousness. Studies have shown that hypothermic patients are able to perform the same tasks or calculations as when normothermic but will take up to twice as long. As hypothermia progresses, judgment itself is affected, resulting in poor decisions or unnecessary risks that frequently result in traumatic injuries. An experienced cave rescue instructor who suffered the effects of hypothermia while attempting to free an entrapped caver from beneath a waterfall observed, "Before hypothermia kills you, it makes you stupid." Lethargy is a late sign.

Considering the myriad combination of factors that may affect the development of hypothermia, it should be no surprise that previous attempts to correlate specific S/Sx with corresponding CBT have proven unreliable. The exhausted rescuer may never shiver, the elderly alcoholic may present indistinguishably from his/her normal level of consciousness (LOC), the exposed climber may have frozen extremities, etc.

All of this has led to the recognition of incipient hypothermia. This refers to a patient who is displaying classic S/Sx of hypothermia and/or has been subjected to severe cold stress, yet presents with a normal CBT. While a healthy person’s thermoregulatory system can maintain a near normal CBT in the face of excessive heat loss for a time, it is important for the rescuer to recognize that these mechanisms cannot function indefinitely. Energy is required to generate heat, and sooner or later exhaustion will result in thermoregulatory collapse. These patients possess the unfortunate characteristic of maintaining a near normal CBT right up to the point where they fall rapidly into severe hypothermia with little warning. By averting severe hypothermia, early treatment initiated on the basis of the rescuer’s index of suspicion can be life-saving.

Development
[image: image3.png]Radiation

(Infra Red)

Evaporation

(Sweat)

(Breathing) \—‘_ B'ody Core /
Vital Organs

“onvection

(Wind Chill)

Extremities /
Limbs

Conduction
(Contact)



Nearing 90 F (32 C) CBT, major systems such as the liver and kidneys begin to fail, and the myocardium becomes hypoxic and irritable, predisposing it to lethal arrhythmias. Other systemic metabolic disturbances follow, contributing to a complex symptomologic presentation and the need for broader-based interventions. The tachypnea that accompanies increased muscular activity and O2 hunger produces an initial respiratory alkalosis. Then, as glycogen stores are depleted due to excess muscular activity, hypoglycemia develops. Metabolic acidosis follows from the lactic acid produced by hypoxic muscles, which is then exacerbated by the decreasing perfusion status. Cold also increases urine production by the kidneys, contributing to dehydration and further acid/base imbalances. Third-spacing (movement of fluid from the intracellular to the extracellular space, due to osmotic changes) occurs and, along with the decreased tubular re-absorption that helps to produce the cold diuresis, precipitates a drop in circulating volume that leads to a hypotensive state, despite the peripheral vasoconstriction.

Monitoring
CBT is best measured in the field by monitoring either the rectal or tympanic (otologic) temperature. Peripheral measurements (oral or skin temperature) do not accurately reflect the core temperature. Axillary temperatures may provide a reasonable baseline since they are usually protected from ambient cooling under clothing and are located over areas of high heat exchange. (See Figure 1) Rectal probes provide the most accurate indicator of CBT and allow for constant monitoring with minimal discomfort during an extended evacuation or transport. Inexpensive indoor/outdoor thermometers are frequently used by wilderness rescue teams for this purpose. It has also been observed that if the patient will actually let you insert a rectal probe, he/she probably needs treatment for hypothermia. Tympanic temperatures correlate well to CBT but depend on relatively expensive devices that vary widely in quality and may err dramatically if not properly positioned in the ear canal. Whichever location is used for monitoring, remember that most commercially available glass thermometers do not register low enough to be of value. Digital thermometers register a wide range of temperatures and are less susceptible to breakage.

Treatment - Stop Heat Loss
After the ABCs are secured the first priority in the treatment of any hypothermic patient is to stop or at least minimize further heat loss. Remove or insulate the patient from the cold environment, and remember that any ambient temperature lower than 99 F (37 C) represents further heat loss. Wet clothing will increase heat loss via evaporation and should be removed. Dry clothing and blankets prevent heat loss from convection, conduction and radiation and allow what heat the patient is producing to be retained. Vapor barriers like plastic garbage bags may be useful out of doors. Metallic blankets (space blankets) serve well but don’t appear to hold in much more heat than a heavy duty garbage bag. There are all examples of passive external methods. No heat is added, but heat loss is stemmed.

Preventing heat loss is often the only treatment required for the mildly hypothermic patient – someone who has been exposed to a cold environment for an extended or intense period but is otherwise healthy. This treatment may also prevent the progression of incipient hypothermia. Warm fluids are appropriate in a backcountry setting for patients who are not at risk of aspiration. Remember that as a result of cold diuresis, even the mildly symptomatic may be somewhat dehydrated. Besides, even though it does little to add warmth to the core, a hot beverage feels good! These patients will also be glycogen depleted and need food, but alcohol and substances heavy with caffeine should be avoided, as they are counterproductive. (See Table 2)
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Add Heat Externally
Adding heat supports the body’s natural efforts and compensates when heat generation reserves are exhausted. Active application of heat may be external or internal. Warm rooms, ambulances, heat lamps, radiant heaters, heat tents, hydraulic sarongs and charcoal vests are examples of external application. Heat may also be added by placing heat packs over the areas of high heat exchange with the core. Care must be taken not to burn the patient since many commercial heat packs as well as the reusable military style become hot enough to burn the skin. The risk of burns is increased in the patient with a lowered LOC or one whose extremities are so cold as to reduce the transmission of pain impulses along the nerve pathways. Place towels or dressings beneath all heat packs and monitor carefully. Insulate over heat packs to improve their efficiency. The often suggested technique of sharing body heat from a cooperative rescuer may sound pleasant but does little to add heat to the patient.

Warm-water immersion is an extremely effective example of active external heat application but is seldom an option outside a base camp or hospital setting. Much more rapid than other methods of external rewarming, it actually presents the potential for complications during the rewarming process, thus warranting usage in a controlled environment. Most notably, these complications are: afterdrop, rewarming shock and sudden death. Afterdrop refers to a noted decrease in CBT after rewarming has begun. Its process is not well understood, and experts disagree on the etiology. Rewarming shock is most likely due to the fact that hypothermic patients are somewhat hypovolemic, which can become profound after vasodilation from rewarming occurs. Sudden death is most often due to the occurrence of ventricular fibrillation, again by mechanisms on which there is not universal agreement. These complications may be seen with all rapid rewarming methods and should be managed via careful monitoring of vital signs and electrocardiogram (ECG) and with the constant administration of IV fluids. Normal saline (NS) is the generally accepted fluid of choice. Lactated Ringer’s solution is contraindicated since a hypothermic liver cannot metabolize the lactate. Five percent dextrose in water (D5W) and D5-1/2NS are acceptable choices. Dextran is ideal for volume repletion by correction of fluid shifts, if available. NS should be used for volume replacement in conjunction with dextran. Pneumatic anti-shock garments (PASG) are of little use in treating hypotension in the hypothermic patient due to peripheral vasoconstriction.

Add Heat Internally
Active internal application of heat is the most effective method of core rewarming. While there are several methods for achieving this in the hospital setting, including cardiopulmonary bypass, warm gastric lavage and peritoneal lavage, only two are practical for field use. O2 and IVs should be warmed and the O2 should be humidified as well. Authorities recommend 104 F (40 C) for warmed O2 and 113 F (45 C) for warmed IVs. Commercially available equipment will do this accurately, but wrapping several turns of the O2 or IV tubing around a heat pack and then insulating the tubing with a trauma dressing or foil wrap also serves very well. Combating fluid loss is important in the severely hypothermic patient, who will be both dehydrated and volume depleted. One study suggested that an average of 4,500ml of fluid over 72 hours should be administered when rewarming severely hypothermic patients.

Neither of these efforts or most of those that are available outside a hospital will do much to actually rewarm a severely hypothermic patient. That requires ˜ 500 Kcal/hr or more. Warmed O2 may provide ˜ 9Kcal/hr, and warmed IV administration may contribute ˜17Kcal/hr. They will be effective, however, for reversing moderate hypothermia by preventing and averting the development of severe hypothermia by preventing further heat loss due to the introduction of cold fluids or gases. Thus, they will support a serious patient during transport to a definitive care setting with little risk of the attendant encountering complications of rapid rewarming. The message is that you should use all available methods for rewarming a severely hypothermic patient in the field or during transport.

Urban Hypothermia 
Chronic hypothermia is seen in the elderly and is common in the urban setting. Pediatric patients and those with chronic diseases are also at risk. The etiology here is primarily due to thermoregulatory inadequacy caused by predisposing conditions such as diabetes, circulatory problems or cardiac insufficiency rather than extraordinary heat loss. Chronic hypothermia develops over days to weeks, as opposed to minutes or hours, from environmentally induced onsets. Numerous substances and medications, including common analgesics such as the nonsteroidal anti-inflammatory (NSAIDs) depress the thermoregulatory system (see Table 2, above) and predispose the user to hypothermia, even in warm settings.

While these same predisposing conditions may complicate the definitive care of these patients, their primary care is identical to those suffering an acute onset. Early recognition, stemming heat loss, insulation and administration of warmed, humidified O2 and warmed IV solutions are the appropriate treatments during an expeditious transport with gentle handling to a hospital.
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Gentle Handling
The severely hypothermic patient is also subject to other complications that call for gentle handling during transport. There are several well-documented cases where hypothermic patients attempting to assist in their own rescue collapsed in sudden death. We do not know for certain the etiology of this phenomenon, but excess activity of their cold extremities could produce a reflex vasodilation, returning significant amounts of cold, acidotic blood to the myocardium, inducing ventricular fibrillation. Therefore, despite the inclination to generate heat through exertion, hypothermic patients should be transported at rest. There are also reports of severely hypothermic patients experiencing sudden onsets of unconsciousness or seizures when transported with their heads elevated. These patients may have experienced decreased cerebral perfusion resulting from a combination of vasoconstriction and decreased circulating volume. Elevating their heads may have reduced cerebral perfusion further, inducing the sequelae. Whenever possible, transport the hypothermic patient supine. Lastly, the hypothermic heart is hypoxic, acidotic and irritable. It is especially prone to ventricular fibrillation, which can be induced by the mechanism described above or by rough handling. Perform all needed interventions and package as appropriate for transport, but take extra care to not jostle the patient. This is another case where a steady, smooth ride is far more life-sustaining that a rough, rapid one. 

Resuscitation Considerations
Pulse oximetry, a commonly relied on indication of perfusion, will not provide reliable indications due to peripheral vasoconstriction in a potentially frostbitten extremities. The vital signs of a severely hypothermic patient may be difficult to obtain, if they are detectable at all. Extra time and care should be taken to ascertain whether or not vital signs are present before proceeding with treatment. Current American Heart Association (AHA) recommendations include taking up to 45 seconds to assess vital signs. Also, most cardiac medications do not metabolize below 90 F (32 C), and loading the hypothermic patient with excess amounts may produce toxic effects when the patient is rewarmed. Fortunately, many arrhythmias (particularly bradyarrhythmias) are due to the hypothermia alone and disappear as the patient's CBT rises. AHA resuscitation recommendations for the severely hypothermic patient include CPR; up to three defibrillation attempts; intubation and ventilation with warmed, humidified 02; IV with warmed NS and transport. Research is continuing and while there are early indications that Bretylium tosylate may be useful in reducing the incidence of ventricular fibrillation in the hypothermic patient, follow current guidelines and local medical control protocols. Note that intubation is recommended despite previously held concerns regarding inducing ventricular fibrillation. Airway and ventilation are still the most important priorities, and a well-documented, multi-center study has demonstrated that careful intubation can be performed in severely hypothermic patients without inducing ventricular fibrillation.

Initiating ALS procedures will be difficult and may be impossible in the hypothermic patient. Venous access may be unobtainable, and the patient's cold musculature may be too stiff to permit intubation. In these cases perform BLS procedures as best as possible and transport to definitive care.

General Considerations and Recommendations
Although much more could and should be said regarding the treatment of the hypothermic patient, the most important principle is early recognition. This requires that the rescuers not be misled by the fact that they themselves are not cold. Any patient in thermoregulatory failure is at risk. Thus, the runner who collapsed with the S/Sx of heat stroke could be hypothermic a short time after being treated with a cold water bath. The elderly woman who takes 1,200mg of ibuprofen a day for arthritis pain will be prone to hypothermia on a balmy 70 F day, as will the homeless alcoholic or the diabetic. It's easy to think of hypothermia on the ski slopes or with a near drowning patient, but consider it anytime a patient's heat loss may exceed even depressed heat production.

Check the patient's temperature, but if S/Sx are present initiate treatment regardless of CBT. Stop heat loss first! Then work at re-warming. Monitor LOC, vital signs and ECG. Assume the hypothermic patient to be hypoglycemic and hypovolemic until these can be ruled out. Transport patients supine, and handle them gently. Administer fluids en route. Be alert for related complications such as frost bitten extremities and treat as required.
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Frostbite 
Frostbite is environmentally induced freezing of body tissues.  As tissues freeze, ice crystals form within and water is drawn out of the cells into the extracellular space.  The ice crystals expand and cause destruction of cells.  Intracellular electrolyte concentration increases further damaging cells.   Damage to the blood vessels from the ice crystal formation causes loss of vascular integrity which results in tissue swelling of loss of distal fluid flow. 

Patients will complain that the extremities first became cold then became painful and then became numb.  The skin initially may be red then will change to a white or gray color.  

Management
· Do not thaw the affected area if there is any possibility of refreezing 

· Do not massage the area.  

· Administer pain medication prior to thawing. 

· Thaw frozen part by immersion re-warming in a 100-106 degree water bath, adding additional warm water as needed throughout the process. 

· Cover the thawed part loosely with a dry sterile dressing. 

· Elevate the thawed part. 

· Do not pop blisters. 

· Do not allow the patient to ambulate on frostbitten feet. 
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	Most importantly, avoid hypothermia yourself. This is best done by dressing properly, being rested, maintaining good oral intake and being receptive to others suggesting that you aren't quite as sharp as usual.
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