Chapter 48
Cold exposure illness and injury
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Introduction
Humans live in a wide range of environments. Below 82 ºF, a healthy naked human being can no longer produce enough heat to maintain body temperature [1] and requires protection from the cold. Cold illness and injuries are common and EMS physicians must be familiar with their epidemiology, presentation, and treatment to improve patient outcomes. Common cold injuries include hypothermia, non-freezing tissue injuries, freezing tissue injuries, and cold water immersion. These four processes account for the majority of cold-related EMS care.
Hypothermia
Definition
Hypothermia is a core body temperature below 95 ºF (35 ºC). Stages include mild hypothermia (90–95 ºF/32–35 ºC), moderate hypothermia (82–90 ºF/28–32 ºC), and severe hypothermia (below 82 ºF/28 ºC). Measuring a “true” core body temperature can be a challenge in the hospital, let alone in the prehospital environment, and individual physiological responses to cold can vary widely. From a practical perspective, hypothermia is best defined from a physiological standpoint: cold stress exceeding the body’s ability to produce sufficient heat to maintain body temperature [2]. The stages can then be based on clinical presentation and a patient’s ability to self-rewarm if the cold stress is eliminated (Table 48.1). In this approach, the core temperature is adjunctive but the clinical picture guides the provider’s actions.
Table 48.1 The stages of hypothermia can be defined based on the clinical presentation, and the ability of the patient to self-rewarm if cold stress is removed.

















	Clinical presentation
	Ability to self-rewarm
	Likely temperature

	Mild hypothermia

	Shivering, general loss of fine then gross motor function with progressive loss of intellectual function and development of confusion
	Good initially but limited as temperature decreases
	90–95 ºF/32–35 ºC

	Moderate hypothermia

	Loss of shivering, progressive vulnerability of the heart to atrial fibrillation, and progression of confusion to unconsciousness
	Poor progressing to none
	82–90 ºF/28–32 ºC

	Severe hypothermia

	Muscular rigidity, loss of detectable vital signs, progressive cardiac vulnerability to ventricular fibrillation due to rough handling with progression to spontaneous ventricular fibrillation, coma
	None
	Below 82 ºF/28 ºC


Types
From 1999 to 2011, there were on average 1301 deaths annually in the United States attributed to hypothermia [3]. While the classic image of hypothermia is the lost hiker huddled in the snow, EMS providers are more likely to encounter urban hypothermia, a multifactorial hypothermia resulting from cold exposure and some combination of medical conditions, medications, changes in temperature perception, substance abuse, inadequate nutrition, and inadequate social circumstances [4–7]. Urban hypothermia is a chronic disease and while the clinical presentation of hypothermia may precipitate the call for EMS and may well be the immediate life threat, it is rarely the only active disease process. It is often considered to be secondary hypothermia.
Wilderness or environmental hypothermia, by contrast, is primary hypothermia caused by exposure to cold stress that exceeds the body’s heat production capacity. It is either acute, as in immersion, or subacute hypothermia (over days), as seen in the inadequately prepared hiker in a cold (although not necessarily freezing) environment.
Mechanisms of thermoregulation
Humans maintain a core temperature within a narrow range of (95–100.7 ºF/35–38 ºC) for optimal metabolic functioning. Four mechanisms, radiation, conduction, convection, and evaporation, contribute to heat loss from the body; homeostasis is maintained by balancing these mechanisms against heat production.
Infrared radiation emission accounts for up to 40% of all heat loss. The greater the temperature difference between the individual and the environment, the greater the rate of heat loss [8]. This can occur even when the air temperature is warm if the surrounding environmental features (such as a cave or concrete structure) are colder.
Evaporation via sweating dissipates excess heat, with approximately 575 calories of heat lost for each cubic centimeter of evaporated sweat [8]. Unfortunately, this mechanism is just as effective at removing heat during periods of cold stress. Individuals who become wet will rapidly lose heat via evaporation in a cold environment.
In conduction, direct transfer of heat from one object to another, a colder object becomes an important source of heat loss for the recumbent ill or injured individual. The greater the area of uninsulated contact, the more heat is lost.
Convection, particularly combined with evaporation, also contributes to heat loss. The body heats a small local environment to minimize heat transfer. If this buffer zone is lost, the body is constantly reheating new air (or water) and heat losses increase dramatically. Moving air (wind) augments this effect. Heat loss is a function of the square of wind velocity so doubling the wind speed quadruples heat loss [8] up to a maximum speed of 40 mph (64 km/h), after which the air is moving too quickly to absorb heat [9]. This phenomenon is referred to as wind chill (Figure 48.1). Wind chill describes the rate of heat loss from exposed skin. This has implications for how urgently a rescue must be effected. Use of windproof garments or shelters eliminates the wind chill effect.
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Figure 48.1 Windchill chart.
Source: www.nws.noaa.gov/om/windchill/
Two primary defenses guard against heat loss. First, in response to cold stress, there is a behavioral imperative to add additional layers of clothing and to seek sources of warmth [8]. The second defense is heat production. Any muscular activity produces heat. The body can uncouple heat production from useful activity via shivering [3]. While shivering will produce additional heat to counter cold stress, it will not prevent worsening hypothermia if the environmental conditions don’t change. Shivering should serve as a signal to take other actions to decrease the environmental cold stress. Performing useful activity that increases the chances of survival also generates heat and is the preferred method of muscular heat production.
Prevention
Preventing wilderness hypothermia requires recognizing cold stress and taking actions to decrease it. Sufficient calorie and water intake is crucial to allow effective metabolism and heat generation. Clothing that maintains a microclimate of trapped air, prevents heat loss though convection, and wicks moisture away through all the layers of the clothing decreases the risk of hypothermia. Avoidance of substances that promote vasodilation (e.g. alcohol) or that impair judgment and temperature perception (e.g. alcohol or illicit drugs) will decrease the risk of primary hypothermia.
Preventing urban hypothermia is a far more complex issue with public health and social welfare implications [10]. Programs such as the Low Income Home Energy Assistance Program likely decrease the incidence of urban hypothermia, as do homeless shelters.
Recognition
While classification based on core body temperatures is useful for research and statistical purposes [1,11–14], an individual’s performance at a given core body temperature can vary widely [15] and so the assessment and treatment should be based on clinical presentation (see Table 48.1).
In the early stages of hypothermia, a perception of being cold and a behavioral imperative to change or exit the cold environment will predominate. Unless sufficient heat is being developed from useful activity, the patient will shiver and may be mildly agitated. Loss of fine motor control follows. At this stage, if the patient has sufficient calorie reserves and is removed from the cold stress, he will be able to rewarm himself.
Left untreated, hypothermia will progress and symptoms will include confusion, slurred speech, loss of gross motor coordination, and loss of judgment. This stage is described as the “-umbles”: the patient stumbles, mumbles, grumbles, fumbles, and tumbles. Eventually as caloric reserves are depleted, shivering stops. At this point, the patient is no longer able to self-rewarm even if cold stress is eliminated.
The patient will progress to a state of unresponsiveness. Cardiac dysrhythmias occur, particularly atrial fibrillation. Metabolic demand decreases and the patient becomes bradycardic. As the myocardium becomes more irritable, the risk of ventricular fibrillation with minimal or no stimulation increases. Respiratory rate decreases and the patient may appear apneic.
Once the patient is comatose, effort must be focused on minimizing physical movements that could trigger ventricular fibrillation, including bumping, dropping, or otherwise physically stimulating the patient.
Treatment
Treatment of hypothermia depends on whether or not the patient is able to self-rewarm if the cold stress is eliminated. Therefore, the most important action is to eliminate the cold stress. This may be as simple as moving the patient to a heated ambulance. If a heated sheltered environment is not readily available, efforts to eliminate further heat loss include insulating the patient from the ground to prevent conduction, removal of wet clothing to minimize evaporation, and sheltering from wind to prevent convection. Although studies have evaluated mechanisms to decrease radiant heat loss [15], to date none have been particularly successful.
Once the cold stress is removed, an assessment must be made of the patient’s ability to self-rewarm. For the patient with mild hypothermia who still has adequate caloric and metabolic reserves (that is, still shivering or recently stopped shivering), elimination of cold stress and feeding the patient should be sufficient to restore normothermia [8,13,16].
For patients who are metabolically depleted and unable to self-rewarm, active interventions will be necessary. The historical dogma has been that out-of-hospital interventions are sufficient only to prevent further heat loss and are not adequate to restore normothermia. Such interventions have included heated IV fluids, heated (and preferably humidified) inhaled oxygen, application of heat packs or heated water bottles to the neck, axilla, and inguinal creases, and rescuer/patient skin-to-skin contact [8,17,18]. More invasive procedures such as warm water irrigation of the stomach, bladder, peritoneal, and pleural cavity as well as heated dialysis and cardiopulmonary bypass have been reserved for the hospital setting [8,19,20].
Over the last decade, research has demonstrated that effective prehospital interventions exist. These include a 600 W heater with a soft rewarming blankets (a forced warm air full-body blanket) [21,22], 600 or 850 W heater with rigid torso cover [21,23], and charcoal vest forced hot air heaters (Figure 48.2) [21]. Of these devices, the charcoal heater is the only one that does not require electricity beyond a D-cell battery to run the fan, is light enough that a single rescuer could carry two, and is inexpensive. On the other hand, it does use a flame source to generate heat (burning charcoal) and therefore poses a risk when used with oxygen. All of these devices have been demonstrated to attenuate afterdrop (the tendency for the core temperature to drop even after the initiation of rewarming) and to actually rewarm the patient. If EMS agencies and providers function in an environment where hypothermia is prevalent, acquisition of at least one of these types of devices should be considered. Avoid immersion in warm water as this increases mortality [15].
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Figure 48.2 Charcoal vest. Charcoal inserts are burned in the body of the device and a small fan blows warm air through the green tubes that are wrapped around the patient’s torso. The black tube carries exhaust away.
Source: Jonnathan Busko. Reproduced with permission of Jonnathan Busko.
Disposition
Due to concomitant medical and social issues, the patient with urban hypothermia must be transported to an emergency department for further evaluation.
For the patient with primary hypothermia in a wilderness setting, the disposition is less clear. A patient with mild hypothermia who recovers to normothermia may not need evacuation if changes can be made to the patient’s clothing system or to the route so recurrent cold stress is minimized. For the patient with moderate hypothermia, evacuation is mandatory with one exception. In the case of an expedition with provisions for active rewarming, the decision to evacuate the moderately hypothermic patient restored to normothermia is made in conjunction with the patient, the expedition leader, and medical support staff in the context of the risks of evacuation.
For the patient with severe hypothermia and signs of life, evacuation is mandatory. The method of evacuation must be such that the patient experiences as little unnecessary movement and as few bumps as possible. Evacuation may not be possible and in situ rewarming may be necessary.
The patient without signs of life presents a challenge. While the mantra “no one is dead until warm and dead” is always operative, it is not always practical. Rescuer safety is primary and while successful resuscitation of severely hypothermic patients has been reported, the risk:benefit ratio of the operation must be considered. In addition, there are indeed patients who are cold and dead. These include those with a core temperature less than 50 ºF (10 ºC), cold water submersion for greater than 1 hour, obvious fatal injuries, and frozen patients (i.e. ice formation in the airway or chest walls that are so rigid compressions cannot be performed [24]. Cardiopulmonary resuscitation (CPR) is difficult in the wilderness environment and effective performance during patient transport is impossible. Some experts recommend performing rewarming in place [8] while others recommend transporting without CPR if definitive care (any provider capable of providing effective active rewarming) is available within 3 hours [24]. Guidelines for defibrillation, CPR techniques, and medication administration vary widely [8,19,24] and the American Heart Association in 2010 noted a lack of research identifying optimal resuscitation techniques [25].
Non-freezing cold injuries
Non-freezing cold injury to the foot (trenchfoot or immersion foot) occurs with subacute exposure in cold but non-freezing conditions. The foot becomes macerated with vasomotor instability and anesthesia. Temperature affects the time to onset; for shipwrecked sailors whose feet are immersed in cold water, onset may take as little as 24 hours [26] while the minimum time to onset on land is 4–5 days [8].
Injury occurs from local maceration due to water exposure, cold-induced vasoconstriction, and circulatory compromise from excessively tight footwear and immobility [8,27]. Prolonged vasoconstriction leads to damage to the blood vessels and results in injury to the tissues they feed [28].
Non-freezing cold injuries progress through three phases. In the pretreatment (prehyperemic) phase, the limbs are blanched and yellowish white. Local edema may be present and the patient may complain of anesthesia, particularly as cold exposure progresses. Pain is rare at this phase [27]. In the urban setting, alcoholism and chronic homelessness may contribute to a complete non-awareness of this condition.
Once treatment is initiated, the patient enters the hyperemic phase lasting hours to weeks [28]. The vasoconstriction reverses and, due to vasomotor instability, the extremities become hot, red, swollen, and painful [29]. Blisters in this phase indicate more serious injury and gangrene may occur in the most severe cases.
The posthyperemic phase may be absent in mild cases or may persist for years after the injury. It is characterized by ongoing symptoms after the resolution of the hyperemic phase, including vasomotor instability, persistent cold sensitivity, and limb coolness. After periods of exertion, blistering, edema, and paresthesias may also reoccur [27]. This phase may last for years.
Clean, dry socks changed at least once and preferably twice a day will markedly decrease the risk of non-freezing cold injury. Avoiding immobility, taking breaks from the cold, wet environment, limiting activity to minimize sweating, and keeping the feet dry for 8 out of every 24 hours are important prevention techniques [27].
Remove the wet garments, keep the feet dry and elevated, and keep bedclothes from pressing on the feet [8]. Tissue rewarming is not necessary, but warming the core temperature (if necessary) while providing cooling with a fan to the injured area will markedly decrease pain, edema, and blistering [29]. Remember that the social and environmental conditions that predispose to trenchfoot also contribute to hypothermia.
Frostbite
Frostbite is a freezing injury to soft tissues. A combination of local (tissue-level) freezing temperatures and an inability of the body to produce or provide sufficient heat allows the tissues to freeze. Frostnip may precede freezing. Frostnip is a condition of superficial ice crystal formation without resulting tissue damage. Cyclic vasoconstriction and vasodilation in the extremities (known as the “hunting response”) may be present. This process, which occurs more in cold-acclimatized individuals, protects at-risk tissue from freezing. While it contributes to additional heat loss, cyclic rewarming permits greater dexterity in the hands, improving function in cold environments [30,31].
Environmental conditions that predispose to frostbite are the same conditions that predispose to hypothermia. Peripheral vasoconstriction may cause blood flow to the distal extremities to essentially cease [8]. The cold also induces vascular endothelial damage with plasma leakage.
With continued cooling, freezing occurs and extracellular ice crystals form. This leads to changes in local solute concentrations and intracellular dehydration. Additional injury comes from denaturation of lipid-protein complexes, toxic concentrations of intracellular electrolytes, thermal shock, and, in the event of rapid freezing (seconds to minutes), intracellular ice crystals [32]. However, tissue freezing does not necessarily result in permanent damage. Frozen cells are metabolically inactive and so cell death may not occur when the tissues are frozen. Instead, when rewarming occurs and the tissues become metabolically active, oxygen demand increases. The endothelial damage to the microvascular circulation that occurred during freezing now contributes to local thrombosis and watershed ischemia [8].
Early signs of incipient frostbite include a cold sensation, pain, and pallor. As freezing occurs, pain resolves and anesthesia ensues. The loss of sensation may be accompanied by a sense that the limb is clumsy or that the affected body part is absent. The tissue becomes paler. A noticeable progression of superficial to deep freezing occurs. The skin will begin to feel firm and non-pliable although the underlying tissues will be soft. Ultimately, the entire affected part becomes solid. In severe cases, purplish discoloration may occur.
Several grading systems have evolved. The best grading system is one that allows early and accurate prognostication of treatment resource requirements and prognosis. Unfortunately, the ideal system has not yet been developed [32]. For prehospital providers, a grading system of “degrees” based on findings after freezing and rewarming is commonly used. First-degree injuries are characterized by numbness, erythema, white or yellow plaques in the area of injury, and edema without tissue loss. Second-degree injuries add blisters surrounded by erythema and edema. In a third-degree injury, blisters are more extensive and contain blood. A fourth-degree injury involves the subcuticular tissues. It may be difficult to clinically distinguish fourth-degree from third-degree injuries in the immediate postrewarming period [32].
Prevention of frostbite includes preventing hypothermia so that peripheral circulation is maintained, avoiding constricting garments and boots (including too many layers of socks), and remaining active.
Treatment of frostbite is less about what to do and more about what not to do. The two key principles are to avoid thawing and refreezing the frozen part and preventing burns. Honoring these two principles, any appropriate treatment to rapidly thaw the tissue is acceptable, although controlled rewarming with warm water immersion of affected limbs remains the preferred treatment. While there is no additional benefit to rewarming a frozen part that has completely thawed, there is also no harm. If there is any doubt about whether the part is completely thawed, rewarming should be instituted.
Rewarming is best accomplished by treating the hypothermia to a core temperature of at least 93 ºF (34 ºC) and then completely immersing the frozen part in a warm water bath (99–108 ºF/37–42 ºC). All clothing, constricting bands, or items that would decrease peripheral circulation should be removed. The bath should be brought to the appropriate temperature without the part immersed to prevent scalds. Except when rewarming the bath, the part should remain fully immersed until the tissues become pliable and there are no further color changes. The temperature of the bath should be continuously monitored. Rewarming will typically take 30–60 minutes. Avoid massage of the injured part since this may increase local damage [8,32].
Although older guidelines based on the work of Baron Larrey cautioned against rapid rewarming [33], recent work has demonstrated the superiority of a rapid rewarming approach [34].
In a wilderness or uncontrolled environment, thawing of a frozen part should only occur if the following conditions can be met [8].
1. The person will not need to use the frostbitten part for evacuation until healing is complete.
2. The person can be kept warm during thawing and until healing is complete.
3. Thawing can be completed in a controlled, uninterrupted manner with accurate temperature management of the rewarming bath.
If these conditions cannot be met, the extremity should not be thawed [32].
During rewarming, pain can be intense. Adjunctive parenteral narcotics may be necessary to control this pain. Additional therapies include thromboxane inhibitors (ibuprofen 400 mg PO every 12 hours), tetanus immunization as needed, and strict wound care of the injured part [32]. Antibiotics are indicated for any signs of infection [8]. Sterile dressings should be placed between the digits once they are thawed to decrease tissue adhesion. Unless another traumatic condition or an abscess exists, surgery is contraindicated until the extent of the tissue death is clear, often 3–6 months [32].
Cold water immersion
Cold water immersion (head above the water, as opposed to submersion or drowning with the head below the water) is immersion in water less than 77 ºF (25 ºC) [35,36]. In water below 77 ºF (25 ºC), no amount of exertion can maintain a normal core body temperature in an unprotected individual [37]. In water temperatures below 68 ºF (20 ºC), a variety of physical and behavioral responses create hazardous conditions that put the immersion victim at increased risk of death either from drowning or eventually from hypothermia.
In cold shock response, the first phase of cold water immersion, respiratory patterns change with hyperventilation and a gasp response predominating; unacclimatized individuals also lose breath-holding ability [38]. Breathing becomes erratic and the individual cannot entrain coordinated physical activity with the respiratory cycle. While this phase lasts only a few minutes, the victim may hyperventilate to unconsciousness, panic or aspirate water and, if not wearing a personal flotation device (PFD), may drown. A victim wearing a PFD can focus on controlling breathing and successfully survive the initial immersion.
If the victim recovers from the initial cold shock response, a period of approximately 10 minutes remains for useful activity [36] before loss of fine and gross motor function progresses to complete inability to perform any meaningful survival actions [39]. This phase is called cold incapacitation. Core temperatures may increase as significant peripheral vasoconstriction shunts blood centrally. For a victim without a PFD, this phase will typically conclude with drowning as the ability to maintain the head above water is lost. Useful actions that promote recovery or survival should be performed. However, unnecessary physical activity should be avoided as movement promotes heat loss at a rate greater than metabolic heat generation [40]. If the shore is sufficiently close (within 800 m) the victim may consider attempting to swim to shore [36]. While this decision should be made as soon as possible during the cold incapacitation phase, it should not be made lightly as the rate of cooling will increase and, if the swim attempt is unsuccessful, hypothermia will be accelerated [36].
After 30–60 minutes, the victim will begin to face a significant risk of hypothermia. Many factors influence the time to onset of hypothermia (body morphology, sea state, protective garments, exercise, shivering, and behaviors) [36]. Nonetheless, even if the victim becomes unconscious from hypothermia, as long as submersion can be prevented, the victim may not actually die from hypothermia for up to 2 hours [36].
Sudden death in the period immediately preceding rescue as well as in apparently recovered survivors of cold water immersion has been described up to 24 hours after rescue [36,41]. This occurs in approximately 20% of immersion victims [42]. Although no one cause has been identified, a number of factors such as afterdrop and return of cold, acidotic or alkalotic blood to the heart, catecholamine release, decreased hydrostatic pressure upon removal from the water, cold-dulled baroreceptor reflexes, increased blood viscosity, intravascular volume depletion, and decreased work capacity of the heart may explain why this happens [36,42]. Rescuers must make all efforts to keep cold water immersion victims horizontal, prevent unnecessary physical activity (including walking to an aid room or ambulance), and maintain vigilance for this potentially delayed lethal event [42].
Cold water immersion is a threat to rescuers and patients alike. First, and most importantly, anyone at risk for cold water immersion must wear a PFD and preferably protective insulating garments appropriate to the degree of risk. While each circumstance is unique, it is important for anyone immersed in cold water to remember and act based on the 1-10-1 rule [36]. Upon immersion, the victim has 1 minute to control ventilation and prevent panic. This is followed by 10 minutes of useful activity to either signal for rescue or improve the situation to increase the chances of survival and rescue. Finally, it will take approximately 1 hour until unconsciousness occurs due to hypothermia, so any actions taken in the first 10 minutes that result in rescue before 1 hour may well prevent death from hypothermia.
Conclusion
Cold illness and injury are common in the EMS environment. EMS physicians and providers must be familiar with their epidemiology, presentation, and treatment. Hypothermia, non-freezing tissue injuries, freezing tissue injuries, and cold water immersion account for the vast majority of cold-related EMS care. It is important for the EMS provider to understand the pathophysiology and treatment of these disease processes to improve patient outcomes.
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Further resources
The cold water boot camp is a project to teach the public about the hazards of cold water immersion and to provide survival strategies for cold water immersion.
www.youtube.com/watch?v=J1xohI3B4Uc
www.youtube.com/watch?v=nwETEkmVAeE
[bookmark: _GoBack]www.youtube.com/watch?v=aowQ9bthgBQ
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