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ABSTRACT 

This study compared the thermal physiological and subjective responses of five subjects (1 

female) to five hypothermia enclosure systems (HES) (with chemical heat sources) during 60 

minutes of exposure to a -22°C climate. The five systems were: 1) user-assembled (Control); 2) 

Wiggy’s Victims Casualty Hypothermia Bag (W); 3) Doctor Down® Rescue Wrap® (DD); 4) 

MARSARS Hypothermia Stabilizer Bag (M); 5) Hypothermia Prevention and Management Kit 

(HPMK®). Total heat flux was significantly higher with the HPMK, W and M compared to the 

Control and DD (p<0.05). Net heat gain was higher with the Control and DD compared to W and 

M (p<0.05). Although all systems provide insulation and heat, the user-assembled and DD HES  

were more effective. 
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INTRODUCTION 

Care for patients who are exposed to a cold austere environment for an extended period 

have been of concern for humans since they started living and working in extreme environmental 

conditions. Rewarming of cold patients and preventing cooling of normothermic patient is difficult 

in field conditions. One recent study showed 200,000 deaths per year due to cold in 13 countries 

between 1985 and 2012 [1]. Other studies showed that mortality and morbidity are also increased 

in cold seasons [2, 3]. Cold exposure can be outdoor exposure or indoor exposure. While most 

indoor environments can be kept relatively constant, outdoor exposure basically depends on the 

external environment (i.e., temperature, the wind, and precipitation) [4].  

People living and working in cold countries are more exposed to cold and can be at 

potential health risks due to cold. Exposure to cold can occur in many activities like occupational 

and leisure time. Outdoor exposure to cold is common among those who work in forestry, 

agriculture and construction industries while people working in some food industries are 

considered as cold indoor workers. The elderly, homeless, and those who have psychiatric or 

substance abuse problems are often victims of cold injuries (frostbite and hypothermia) which 

occur as a result of prolonged exposure to cold [4]. Trauma patients when exposed to cold are at 

greater risk of heat loss and are thereby more at risk from hypothermia [5, 6]. Cold also increases 

the mortality and morbidity for traumatic injuries. Therefore, it is essential to minimize loss of 

body heat, and preferably add heat to the body, in trauma patients during prehospital evacuation 

[6, 7]. 

Cold exposure leading to excessive heat loss from the body increases discomfort and, if 

not prevented or treated, can lead to systemic hypothermia [8]. Heat loss occurs by four 
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mechanisms: conduction, evaporation, radiation, and convection. In normal room temperature 

conditions with minimal air movement, the average contributions of heat loss from the body are: 

radiation (55%), conduction (15%), and evaporation (30%). There is minimal loss via convection 

[9]. 

Thermoregulation is the physiological process by which the human body maintains core 

temperature (Tco) either by increasing heat production and/or reducing heat loss. The three phases 

of thermoregulation are: afferent thermal input, central integration and control, and cold and warm 

efferent responses [10]. The hypothalamus is the primary thermoregulatory center [11]. It receives 

information (afferent thermal input) from various peripheral and core sensors of environmental 

temperature via afferent nerves. It integrates (central integration) these inputs and then generates 

required efferent responses. Peripheral vasoconstriction is one of the immediate autonomic 

responses of the body due to cold exposure resulting in a reduction of blood flow to the periphery 

to prevent heat loss. Shivering is another response of the body to increase heat production in the 

body and thus prevent a decrease in core temperature [12]. The other physiological responses to 

shivering are increased heart rate, ventilation and cardiac output [13].  

Various pathophysiological processes are also associated with cold stress. Cold stress 

decreases blood volume due to the combined effect of cold-induced renal diuresis and 

extravascular plasma shift. It also affects cognitive function and increases confusion and lethargy 

[13]. Cooling reduces the power, velocity and force production properties of muscles [14]. 

Protection from cold and prevention of heat loss are essential parts of prehospital care. 

Rescuers and first responders should start prehospital management in the following order: rescue, 

examine, insulate/treatment and transport to the hospital. Prehospital treatment includes safety of 
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rescuers, handling of the patient, decreasing heat loss, protection from wet and/or windy conditions 

and if possible, field rewarming [15]. Lying on the cold ground increases conductive heat loss. 

Thus, the patient should be insulated from the cold ground surface [16, 17]. A foam pad or an 

insulated spine board can be used for this purpose during prehospital evacuation [16, 18]. The 

combined effect of cold air with the wind and wet clothing is more harmful than cold itself because 

of additional convective and evaporative heat loss, respectively [19]. Several studies have shown 

that cold - wet conditions can increase heat loss by 90% [20]. Henriksson et al. demonstrated that 

wet clothing removal, or the use of a vapor barrier, decreased shivering thermogenesis, reduced 

heat loss, and improved the patient’s condition in a cold environment [21]. Passive rewarming of 

the patient is accomplished by removing wet clothes, insulating and protecting the body from the 

cold environment. Active rewarming is accomplished through heat applied to the patient by 

external sources. Active rewarming is useful in both shivering (cold stressed/mild hypothermic) 

and non-shivering (moderate/severe hypothermic) patients. Active rewarming is not necessary in 

shivering patients because the rate of core rewarming from shivering is 3-4°C/h and active 

rewarming provides a rate of core rewarming similar to that provided by shivering. However, 

addition of active rewarming has advantages because it attenuates shivering heat production and 

decreases energy depletion and lowers cardiac workload [15, 22]. Active rewarming is necessary 

in non-shivering patients. because they are not producing enough heat to spontaneously rewarm 

[15]. 

There are a variety of types and forms of insulation being used in prehospital settings to 

minimize further heat loss. The choice of the best insulator depends on a number of factors like 

insulating properties, weight and volume, cost, and the conditions of its intended used (e.g., at the 

scene and/or during transport). Several studies have evaluated different insulators like blankets, 
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rescue bags, bubble wraps, plastic covers, and quilts [23-25]. Henriksson et al. demonstrated that 

blankets (either in single or in multiple layers) and rescue bags might be used for protection from 

cold in a prehospital setting. Among the ensembles tested, those providing protection against the 

wind and those providing compression resistance (bubble wrap and the RC 20 rescue blanket) were 

more effective in high wind and extended cold exposure environments. The wind reduces effective 

insulation by removing an outer still layer of air surrounding the ensemble and compressing the 

layers of insulation [23]. Space blankets (Melinex sheet with aluminum) were developed in 1960 

to prevent heat loss by reflecting radiated heat back to the body. However, a study by Chadwick 

in 1997 reviewed the literature and indicated that the effectiveness of space blankets in rewarming 

of the hypothermic patient was in doubt as very few studies (3 out of 20) demonstrated their 

effectiveness [26]. 

Many different materials and products are available for combined insulation and heat 

donation in a cold environment. However, the efficacy of these materials and products, either alone 

or in combination with each other, is not well studied. Four different commercial hypothermia 

enclosure systems (HES) and one user-assembled (Control) hypothermia enclosure system (HES) 

consisting of  3-season sleeping bag and separate internal vapor barrier with three gel chemical 

heat packs, were compared for their effectiveness in reducing heat loss and providing heat as 

follows: 1) 3-season sleeping bag (separate internal vapor barrier) with three gel chemical heat 

packs (Control); 2) Hypothermia Prevention and Management Kit (built-in internal vapor barrier) 

with dry chemical heating blanket (HPMK®); 3) MARSARS Hypothermic Stabilizer Bag 

(separate internal vapor barrier) with three gel chemical heat packs (M); 4) Wiggy’s Victim 

Casualty Hypothermia Bag (built-in internal vapor barrier) with two dry chemical heating pads 
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(W); 5) Doctor Down® Rescue Wrap® bag (built-in internal vapor barrier) with two gel chemical 

heat packs (DD). 

The MARSARS bag includes top and bottom insulation shells with two gel chemical 

heating pads - long and short. The longer one (contains two gel chemical heat packs) can cover the 

chest and axillae of the subject, and the shorter one (contains one gel chemical heat pack) can 

cover the upper back of the subject. The Doctor Down® bag provides insulation cores inside of 

the top and bottom shells, with two pockets at the torso level on the inside of top shell for the 

addition of two gel chemical heat packs. The Wiggy’s bag includes an insulation shell (top and 

bottom) and provides a torso level pocket (mesh) on the inside of top shell for two dry chemical 

heating pads (Ready-HeatTM) which cover the chest and abdomen areas. The HPMK® includes a 

waterproof heat reflecting shell and a self–heating shell liner. This shell liner is a chemical heating 

blanket (Ready-HeatTM), with four pouches of dry chemical heat packs, which cover the chest, 

axillae and abdomen areas. 

The effectiveness of the systems is measured by total body skin heat flux, which is the sum 

of all body skin heat flux (HFTotal) values. The HFTotal is affected by two properties of the systems: 

1) insulation to decrease heat loss, 2) external heat to increase the heat gain by the body. The 

insulation and external heat also provide thermal comfort and affect metabolic response to cold. 

The purpose of this study is to determine and compare the effectiveness of these five systems in a 

cold environment by comparing thermal, physiological and subjective responses. 

The hypothesis of this study is that the MARSARS system is the most effective system 

because it has high thickness (insulation) and gel chemical heat packs cover more high heat transfer 

areas (chest, both axilla and upper back) and the HPMK system is least effective because it has 
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low thickness (insulation) and dry chemical heating blanket covering the chest, axillae and 

abdomen areas. The Doctor Down, Control, and Wiggy’s systems are less effective than the 

MARSARS system and more effective than the HPMK system. 
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LITERATURE REVIEW 

MECHANISMS OF HEAT LOSS 

Humans are found in different parts of the earth and live in the wide range of environmental 

temperatures. The mechanism (heat loss and heat gain) to maintain human body core temperature 

(Tco) at 37 ± 0.5°C is necessary to survive in this wide range of environmental temperature. 

There are four mechanisms by which human body loses heat in the environment: 

conduction, convection, radiation and evaporation [27]. The average contributions to heat loss 

from the body in normal room temperature conditions are: radiation (55%), conduction (15%), and 

evaporation (30%). The contribution to heat loss by convection is minimal [9]. 

Conductive heat loss is the process of heat transfer from one body (higher temperature i.e. 

skin) to another body (lower temperature i.e. solid or liquid) when both the bodies are in contact 

with each other. Three factors that affect the rate of conductive heat transfer are: (i) the temperature 

gradient between the two contacted bodies, (ii) the size of contacted areas and (iii) thermal 

conductivity of two contacted bodies. The thermal conductivity of water is more compared to the 

thermal conductivity of the air. Therefore, human body loses heat 25 times faster in cold water 

compared to cold air by the process of conduction at the same temperature [27, 28]. Cold - exposed 

victims should be protected from conductive heat loss by placing insulation between two 

contacting surfaces. Conductive heat loss to the ground can also be prevented by placing an 

insulative ground pad between the ground and the body [21, 23].  

Radiative heat loss is the heat loss from the human body in the form of infrared radiation. 

The largest part of heat loss by the process of radiation occurs from the body to the nearby cooler 
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objects and very little part to the surrounding atmosphere having a lower temperature than the 

human body [27]: 

The heat loss through convection occurs when still fluid (gas or liquid) adjacent to the skin 

is heated because of the temperature gradient between skin and still fluid (lower temperature than 

skin). Eventually, the still fluid moves away and a new layer of fluid replaces it and gets warmed 

through the same process [27]. It usually occurs when the patient is inadequately insulated and 

increased in windy conditions. The increase in heat loss is directly proportional to the square of 

the velocity of the wind [9, 27, 29]. 

Evaporation is the process of change from a liquid phase to the vapor phase. 

Transcutaneous evaporation occurs at the skin and requires heat from the body to change sweat or 

water to vapor and thereby enhances heat loss. 0.58 kcal of heat from the body is lost when 1 gram 

of water evaporates [27]. Evaporative heat loss can be prevented in a cold environment through 

either removing wet clothes or placing a vapor barrier between wet clothes and insulation [21, 30]. 

MECHANISMS OF HEAT GAIN 

Physiologically, heat gain is balanced by heat loss in the human body. Even in a cold 

environment, an excess amount of heat is generated in response to greater heat loss. There are 

primary means by which the body gains heat in the thermoneutral environment and cold 

conditions. 

Metabolism 

The best source of heat generation for humans is their own metabolism and this depends 

on the body’s caloric intake. Resting energy expenditure is the amount of energy used by an 
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individual while resting in a relaxed position (supine) [31]. This energy is used up by organs and 

metabolic processes of their active cells to do normal functions at rest [31, 32]. The major 

consumption of this energy is by the liver which produces 1 Kcal of heat per kilogram of body 

weight per hour [27, 31]. Approximately 60-80% of the energy from aerobic metabolism is 

produced by the body as heat [31].  

Muscle activity 

Heat production is increased by voluntary (exercise) or involuntary (shivering) muscle 

activity. Exercise can increase the total metabolic rate to 15 20 times its resting state [31]. Seventy 

to 80% of the energy used during exercise is given off as heat [33]. The body can produce heat up 

to 280–350 W during mild walking and it can be increased more than 1000 W during strenuous 

exercise [34]. Shivering is the involuntary alternating skeletal muscle contraction and relaxation 

[27]. It is the primary source of body heat production in response to cold. Shivering can increase 

the metabolic rate and produce metabolic heat as much as 5-fold from the resting metabolic rate 

[33].  

External heat 

The heat gain process from the external environment depends on the temperature of the 

external environment and occurs when the temperature of the outside environment is higher than 

skin temperature. The process of heat gain can occur through the same mechanisms as heat loss 

i.e., conduction, radiation, or convection but not by evaporation [27].  

The heat gain through the process of conduction occurs when heat transfers from the 

substance (high temperature) to the skin (low temperature) and both substance and skin are in 

direct contact with each other. Several studies indicated that the heat can be gained through the 
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conduction process when skin contacts with a higher temperature surface (e.g., chemical heat pads, 

charcoal heater, hot water bottle) [27, 35].  

Convective heat is gained due to the flow of a warm fluid across the body surface. Studies 

were conducted in which the forced air warming method was used to convectively rewarm the 

patient [36, 37]. This method produced a rewarming rate of 3.26 ± 1.8°C/h and was comparable to 

shivering (3.02 ± 1.2°C/h) [36]. However, another study by Steele et al showed that forced air 

warming method also increased the rewarming rate about 1°C/h faster compared to the passive 

insulation (warmed cotton blankets) method [37]. The core rewarming rate for the forced air 

warming method was 2.4 ± 1.0°C/h compared to warmed cotton blankets (1.4 ± 1.0°C/h) Solar 

radiation is another source for gaining heat. The human body absorbs direct heat from the sun in 

the form of electromagnetic waves [31]. 

FACTORS AFFECTING HEAT LOSS 

Cold stress occurs when heat loss is greater than heat gain. Heat loss and a decrease in core 

temperature during cold exposure depend on various factors. These factors are; environmental 

factors, the body’s intrinsic factors, thermal factors and non-thermal factors. 

Environmental factors  

Heat transfer medium - Heat transfer depends on the thermal conductivity of the medium in 

which it takes place. The conductive heat transfer in water is relatively higher than in air. The 

person feels more cooling in water than in air. This is due to the higher thermal conductivity of 

water (25 times) than air at the same temperature. The specific heat of water is 3500 times greater 

than air. Therefore, the rate of cooling in water is much faster in comparison to air [38].  
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Temperature of the medium - Heat transfer also depends on the temperature of the medium in 

which it takes place. The lower the temperature of the medium (e.g. cold water or cold air), the 

higher will be heat loss. The conductive heat loss is governed by temperature, thermal conductivity 

and specific heat capacity of the surface to which body is in contact [39]. As the body also radiates 

heat, heat loss through the process of radiation depends on the temperature of the surrounding 

environment and nearby objects. If the surrounding environment has a lower temperature than the 

skin, then the body radiates heat or vice versa if the temperature of environment exceeds skin 

temperature. 

Air humidity - This is defined as the relative amount of water vapor in the air. If air humidity is 

low (low concentration of water vapor in the atmosphere), more evaporation of sweat takes place 

and the person feels cooler than the actual temperature. At high air humidity, evaporation of sweat 

decreases. The person feels hotter than the actual temperature when there is high air humidity. 

Water vapour capacity depends on the air temperature. The higher the temperature, the higher will 

be the capacity of air to carry water vapor. Evaporative heat loss may occur as insensible 

perspiration if evaporation occurs fast enough [27, 39]. 

Fluid movement - The rate of cooling depends on the speed of wind and movement of cold water. 

Waves of water produce passive movement of the body which increases the heat loss [40]. 

Similarly, flushing of cold water through the wet clothes and swimming to avoid drowning and to 

maintain airway freeboard (distance between mouth and water level) are some other factors which 

affect core cooling [40-42]. The study has shown that water in the tank with waves increases the 

core cooling rate compared to calm water when a person is immersed in cold water [43]. 

Convective and evaporative heat loss occurs with movement of air in the cold environment. This 
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loss increases with increase in speed of the wind. Therefore, the wind in a cold environment is a 

factor which increases the rate of heat loss [39].  

The body’s intrinsic factors 

Body morphology (size and composition) - Size or composition of the body also affects the rate 

of cooling. The rate of cooling increases with increase in the surface area to mass ratio [44]. Thus, 

a tall and small sized individual in a cold environment cools faster compared to a short and large-

sized individual [44]. Children have a high ratio of body surface area to mass and cool faster 

compared to adults and are more prone to hypothermia [44-46]. The body’s total skinfold thickness 

is inversely proportional to the rate of core cooling because fat beneath the skin prevents heat loss 

and acts as an insulator [47]. The higher fat content in the body conserves more heat and thereby 

less shivering thermogenesis occurs in people with higher fat content compared to people with 

low-fat content at a given temperature [47, 48]. Thus, in a cold environment, individuals with 

higher fat content attenuate the rate of core cooling and can maintain core temperature much better 

than the people with lesser fat content [49]. 

Shivering - Heat production due to shivering increases with a decrease in skin temperature to 

maintain core temperature (Tco) at 37 ± 0.5°C. Shivering is the response of the body after 

vasoconstriction in a cold environment to increase the metabolic heat production in the body and 

to attenuate the decrease in Tco [50]. Shivering metabolism is indirectly proportional to Tco. 

Shivering metabolism increases as Tco decreases from 37°C to 32°C [15]. Shivering metabolism 

decreases and terminates at Tco  of 30°C [15, 51].  Studies indicate that shivering thermogenesis 

can rewarm an individual at a rate of 3-4°C/hr provided the individual is well insulated from the 

external environment [15, 22, 37]. 
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Thermal Protection 

Clothing is a good protection to prevent heat loss in cold exposure. It acts as insulation and 

prevents heat transfer from inside of clothing to external environment. The thickness of clothing 

acts as a barrier and good insulator in the cold environment [39]. The rate of core cooling is higher 

in a wet-suit compared to a dry - suit in cold water immersion [52]. This is because the wet-suit 

allows water to contact with the skin which increases the conductive heat loss.  

Non-thermal factors 

Physical and mental impairment occurs with alcohol consumption which results in 

accidental hypothermia [44]. Studies have shown that thermoregulatory impairment during cold 

exposure can occur with a moderate amount of alcohol consumption (50-100 mg/dl blood alcohol 

level) [53-55]. It decreases the vasoconstriction threshold during 28°C immersion in cold water.  

THERMOREGULATION 

The core temperature (Tco) of the human body is maintained at 37 ± 0.5°C which is not a 

set point rather a zone between the threshold values of core temperature for sweating and shivering 

thermogenesis. This is called the thermoneutral zone [56]. The hypothalamus is the 

thermoregulatory center in the brain which receives thermal signals (cold and warm temperature) 

from thermoreceptors present in the periphery (cutaneous) and core (central nervous system) [57, 

58]. These thermal signals are collected and form an integrated thermal signal (ITS) [59]. There a 

is threshold range in the hypothalamus from which these thermal signals are compared for efferent 

responses. This threshold range is bounded by warm responses (first vasodilation and then 

sweating) at its upper end and cold responses (first vasoconstriction and then shivering) at its lower 
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end. This range is called the dead zone or interthreshold range. No thermoregulatory response 

occurs within this range [58, 60]. 

The first thermoregulatory response by the body is behavior changes. Removing extra 

clothing, dressing in light clothing or using air conditioner etc. are the behavior change responses 

which occur if the ITS rises. Peripheral vasodilation and sweating occur to increase heat loss from 

the skin if behaviour changes are not sufficient to increase heat loss and to maintain threshold 

temperature within the interthreshold range. The body fluid evaporates from the skin surface which 

causes heat loss through sweating [56, 58-61].  

Similarly, the first thermoregulatory response by the body when the ITS decreases is 

behaviour changes. Using a heater, and putting on warmer clothes etc. are the behaviour change 

responses which are followed by conserving or producing mechanisms (vasoconstriction and 

shivering) if behaviour change responses are not sufficient to decrease heat loss and to maintain 

threshold temperature within the interthreshold range [56, 58-61].  

The thermoregulatory system can be affected by various factors including injury of central 

and peripheral nervous system, drugs, alcohol, and disease (e.g., diabetes) [60, 62, 63]. 

PREHOSPITAL MANAGEMENT OF COLD STRESS 

The primary goals of rescuers or first responders during prehospital management are 

outlined in the following actions: rescue, examine, insulate and transport [64]. 

 

 

 



15 
 
 

Rescue 

Patients are removed from the cold environment and kept in a horizontal position if 

possible. This position decreases the risk of orthostatic hypotension and increases the cerebral 

perfusion [65]. Physical work by the patient during rescue should be avoided [15]. 

Examine 

The patient should be examined for airway, breathing, and circulation. Resuscitation 

should be initiated as soon as possible if the patient is found in cardiac arrest. All vital signs should 

be measured if possible - pulse, temperature and blood pressure. Mental status should be checked 

- the level of consciousness, able to talk and pupillary size [15].  

Insulation 

Prevention of heat loss and maintaining the core temperature at 37 ± 0.50C is an important 

intervention by the rescuer. It includes removing of wet clothes, insulating the exposed body and 

protecting from the cold environment [29]. A person using his/her own body’s heat to rewarm 

him/herself is called passive rewarming [66]. Lying on the cold ground surface increases the 

conductive heat loss [16, 17]. Thus, the patient should be placed on insulation like a foam pad or 

insulated spine board which protects from further heat loss [16, 18]. The patient should be wrapped 

in blankets, vapor barrier, bubble wraps and sleeping bags, and the head and neck should be 

insulated as well. If passive rewarming is not sufficient, then heat is directly applied to the patient 

by external sources, a process which is called active rewarming [66]. The effectiveness of clothing 

is decreased by 90% in wet - wind condition [67]. Thus, it is necessary to remove a wet cloth or to 

add a vapor barrier if removal of wet cloth is not possible [21].  
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Blankets are generally given to victims/workers who are exposed to extreme cold, to 

prevent a drop-in core temperature as a pre-hospital intervention. Twelve different blankets and 

rescue bags were studied by Henriksson et al. to determine their properties of thermal insulation. 

This study showed that the ensembles (bubble wrap and RC 20 rescue blankets), which provide 

protection against the wind and provide compression resistance, were more effective insulation in 

high wind and extended cold exposure. The wind reduces the effective insulation by removing an 

outer still layer of air surrounding the ensemble and compressing the layers of insulation [23].  

There are other different types and forms of insulators available on the market which need 

to be studied to determine the effectiveness of their insulating property. 

Determination of Insulation properties - There are two thermal properties of insulations that 

determine the effectiveness of insulation on body heat exchange: thermal resistance and 

evaporative resistance. 

Thermal resistance: This is defined as the resistance to convective, radiative, and conductive heat 

loss (dry) through the insulation ensembles and the ability of an insulation ensemble to retain air 

[63, 68]. It depends on the thickness of an insulation ensemble. The wind compresses the insulation 

and reduces the retained air inside the insulation ensemble. The wind also removes the still air on 

the outer surface of the insulation and increases the exchange of air through the fabric (this is 

dependent on air permeability). Therefore, wind decreases thermal resistance [68, 69].  

Evaporation resistance: It is defined as the resistance to evaporative heat loss (wet) through the 

insulation ensembles [63, 68]. There are two phenomena: 1) real evaporation: water vapour 

evaporates through the insulation ensembles to the external environment, 2) heat pipe effect: water 

vapour condenses back to water on the inside of the outer shell of the insulation ensemble, which 
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occurs depending on the water vapour pressure gradient between skin surface and external 

environment, water vapour permeability of the insulation material and location of dew point in the 

layer of the fabric [70].   

Transport 

The patient should be transferred to a hospital or medical center as soon as possible. If 

transportation time is shorter than 30 minutes, then patient should be wrapped with vapor barrier 

and insulation to protect from cold environment. If transportation time is longer than 30 minutes, 

then wet clothes should be removed and wrapped with vapor barrier and insulation. All other 

precautions and treatment should be administered during transport. Stabilization of the injured 

hypothermic patient should be done as with other normothermic patients. A study by Sookram et 

al. was conducted in which 116 severely injured or ill patients were transported to regional referral 

hospital by rotary wing aircraft to determine whether hypothermia (core temperature less than 

35°C) occurs while transporting. This study showed that body core temperature was maintained 

(mean arrival core temperature-35.5°C) with the use of simple measures (Doctor Down® Rescue 

Wrap®-38% trips and warmed intravenous fluid-5% trips) [71]. Active warming is recommended 

to prevent further core cooling and hypothermia during transportation depending on the condition 

of patients (severely injured nonshivering), and duration of evacuation. Henriksson et al. 

conducted a study in 2011 to evaluate the effectiveness of active warming (chemical heating pads) 

in cold stressed trauma patients (Tc-35°C) during air ambulance and road transportation. This study 

showed that passive warming is adequate to prevent heat loss and to reduce cold discomfort in a 

mild hypothermic patient during pre-hospital transportation. Active warming only adds more 

thermal comfort and reduces cold-induced stress response in a mild hypothermic patient [72].   
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FACTORS RELATED TO SELECTION OF RESCUE BAGS 

The initial approach to the cold stressed patient in the emergency pre-hospital situation is 

to remove wet clothes, and place the patient on dry insulation like blankets, sleeping bags or rescue 

bags whichever is available. However, the selection of the appropriate rescue bag for search and 

rescue purpose is an important task for a rescuer or first responder. The choice of appropriate 

rescue bag depends on the following factors:  

Weight and volume of rescue bag 

Minimum weight and less bulk in addition to effective insulation properties are the 

important criteria to select a good rescue bag. A heavy-weight rescue bag increases the effort and 

energy of rescuers and can create a problem in search and rescue.  

Effectiveness in reducing heat loss 

Insulation properties are important while considering a good rescue bag for evacuation. 

Many studies were conducted to determine the effectiveness of various rescue bags. Three casualty 

bags (Bag 1 - The Fast-T Mark 2 Causality Bag, Bag 2 - The Flectalon Thermal Reflective Rescue 

Stretcher Blanket, and Bag 3 - Marshells of Aberdeen) were compared for the effectiveness in 

protecting the subject from the cold and windy environment. These bags showed no significant 

differences in core temperature, metabolic heat production, and heart rate. However, the mean skin 

temperature for Bag 1 was significantly higher than Bag 2 and Bag 3, and the mean skin 

temperature for Bag 3 was significantly higher than Bag 2. These bags showed limited 

effectiveness in protecting the subject from the cold and windy environment because of early 

removal of 15 subjects from the chamber and fall in core temperature [25]. Grief et al. showed that 

resistive heating (rate of rewarming - 0.96 ± 0.22°C/h) was more effective in rewarming the patient 
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and preventing the heat loss compared to metallic-foil insulation (0.41 ± 0.19°C/h) [73]. A recent 

study by Oliver et al. in 2016 indicated that a multi-layered metalized plastic sheet (MPS) with 

four large chemical heat pads is more effective (reduced cold stress and shivering thermogenesis) 

in treating patients during cold air exposure than a polyethylene survival bag (PSB). This study 

also indicated that a hot drink (flavored water) did not provide the benefit of rewarming when 

added with PSB. [74]. A study by Allen et al. was conducted in 2010 to compare three active 

warming devices and five passive warming products. Active warming devices were: (a) 

Hypothermia Prevention Management Kit [HPMK®] - two types of HPMK (Blizzard blanket 

[original] with Ready-HeatTM and Heat reflective shell [new] with Ready-HeatTM), (b) Ready-

HeatTM alone, and (c) Bair Hugger (forced air warming). Passive warming products were: (a) 

Blizzard blankets alone, (b) wool blankets, (c) space blankets, (d) Heat reflective shell alone, and 

(e) Human remains pouch. This study indicated that HPMK (Blizzard blanket [original]) was the 

most effective and maintained the higher core temperature compared to all other devices or 

products, including HPMK (Heat reflective shell [new]). The wool blanket was the least effective. 

There was no significant difference in the rate of loss of temperature between HPMK original and 

HPMK new [75]. 

Cost 

The cost of purchasing, storing and maintaining a rescue bag is another important factor 

while selecting insulation. Washing and disinfecting the rescue bags is expensive. Nowadays, a 

commercially available disposable liner is cost effective in transporting, storing and maintaining 

rescue bags. The high-cost rescue bags, which can be more effective in providing good insulation 

to the victim and can prevent death, can be prohibitive to rescue teams. 
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Situation where it can be used 

There are two situations where heat loss occurs – at the scene of the accident and during 

transport of the patient to the medical center [63]. 

1) At the scene of an accident: Patients are more exposed in the external cold environment at 

the scene of the accident. Many factors like improper clothing, high wind, and rain increase 

the heat loss and increase the chance of a patient becoming hypothermic. The windproof 

and waterproof properties of insulation are important property for insulation and can 

protect the patient from the windy cold environment [23]. If the patient is not properly 

insulated from the ground, a further increase in heat loss occurs [16]. A rescue bag with 

high insulation and thick grounded pad will decrease conductive heat loss.  

2) During transport: Patients are also at potential risk to lose heat during transport. Longer 

duration of transportation from the site of the incident to the hospital, wind-chill effects 

from a helicopter’s down draft during transport, and cold, wind, and wet conditions during 

maritime transportation are the factors which increase the heat loss and thereby could cause 

hypothermia [76, 77]. Several studies were performed to determine the effectiveness of 

various types of insulations during transportation [71, 72, 77].  The size of the warming 

devices, weight and electrical supply requirements for warming devices are some 

limitations in prehospital care during transportation of patients. A study was conducted to 

evaluate the efficacy of three warming methods (ChillBuster blanket, ChillBuster with a 

reflective blanket, and two military wool blankets) during aeromedical evacuation 

(simulated environment – 10 ± 0.5°C and 0.20-0.26 m/s airspeed) using an animal model 

(20 female swine). The ChillBuster is a battery operated/electrical and portable blanket. 
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This study showed that the ChillBuster with the reflective blanket was more effective than 

the other blankets (3 out of 6 in ChillBuster only group and 6 out of 7 in wool blankets 

group became hypothermic) during aeromedical evacuation for 6 hours [78]. 

Method of transport 

There are several methods which are used to transport the patients from accident sites to a 

nearby hospital and or/ medical centers like a human stretcher or using a snowmobile or a 

helicopter. The right choice of effective insulation while transporting the patient to prevent 

hypothermia is very important. A study was conducted by Sookram et al. in which rescue wrap 

(Doctor Down, Inc., Polson, Mont.), warmed intravenous fluid and helicopter heating system were 

used to maintain core temperature during aeromedical transport. Body temperature was well 

maintained while transferring the ill or injured patient to the hospital by rotary wing aircraft using 

these simple measures. Therefore, this study indicate that simple measures (e.g., rescue wrap, 

warmed intravenous fluid and helicopter heating system) would be enough to maintain core 

temperature, and any major treatment or core temperature procedure in maintaining core 

temperature would not be required during helicopter transportation [71]. A study was conducted 

by Jussila and other colleagues in 2014 to determine the insulation properties of ten different 

casualty coverings (like blankets, bubble wraps, and rescue bags) and to evaluate whether these 

casualty coverings were effective during pre-hospital maritime transportation (30 minutes) against 

cold, wind and water splashes. It was indicated that protective coverings- rescue bags (thick 

windproof and waterproof) provided protection against the wind, cold and water splashes during 

maritime evacuation [77].  
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METHODS 

SUBJECTS 

The protocol of this study was approved by the Education/Nursing Research Ethics Board 

at the University of Manitoba (See Appendix A). Two questionnaires (a) “Physical Activity 

Readiness Questionnaire” (PAR-Q), and (b) “Medical Screening Questionnaire for Hypothermia 

Enclosure System Study” were provided to a group of four healthy men and one woman (aged 18-

45) for screening purposes (See Appendices B and C). Potential subjects were excluded if they 

answered “yes” to any question in either questionnaire.  Our potential subjects were not part of 

any vulnerable population.  

Individuals were contacted who might be interested in participating in this type of study, 

and a recruitment script was handed over to them. Participants then signed a written informed 

consent prior to participation (See Appendix D).  

POWER ANALYSIS  

The sample size required for this study was determined by power analysis using the 

following equation [79]: 

n= (PI*σ/µd) ² 

Where: 

n=number of the subjects, 

PI= power index, determined from the desired power of the study. 

µd = true mean difference between two different treatment methods 
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σ = true standard deviation of the differences 

A power of 95% was chosen for this study to find the real difference between two treatment 

methods. Based on this:  

PI = 1.64 (0.05 α, one-tailed) + 1.64 (0.05 β, one-tailed) = 3.28 

 A previous study was conducted to determine effectiveness in decreasing the heat loss by 

one warmed or unwarmed cotton blanket and three warmed or unwarmed cotton blankets. This 

study detected significant differences between the decrease in heat loss by one warmed or 

unwarmed cotton blanket and three warmed or unwarmed cotton blankets with a mean difference 

of 14 W and true standard deviation of 7.5 W [80]. Therefore, the sample size required was 

computed as follows: 

n = (3.28 * 7.5/14)2 

  = 3.1 

This study required at least four subjects. However, 5 subjects were studied to keep following the 

standard procedures in most of the studies conducted in this laboratory.  

ANTHROPOMETRIC MEASUREMENT 

The following variables were measured: 

1) Age (yrs), weight (kg), height (m) and skinfold thickness (mm) measurements (amount of 

fat in the body) at four different sites (suprailiac, triceps, biceps, and subscapularis) was 

determined.  
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2) The equation of Du Bois & Du Bois was used to calculate body surface area (BSA, in m²) 

[81]: 

BSA (m²) = weight0.425 (kg) x height0.725 (cm) x 0.007184 

3) Body mass index (BMI) was computed based on the following equation: 

BMI= weight (kg) /height (m²) 

4) Body density (BD) was calculated using equation provided by Durnin and Womersley 

based on the age, gender (different for male and female), and the sum of four skinfolds 

[82]. For example, for female (20 to 29) – BD (kg/l) = 1.1549 – 0.0717 x logbase10 sum of 

four skinfolds (See Appendix E). 

5) Body fat percentage (%BF) was computed according to the following equation [82]: 

% BF= (4.95/BD - 4.5) x 100 

INSTRUMENTATION 

Subjects were prepared at an ambient temperature of 21-25°C in the laboratory. A single-

channel electrocardiogram (ECG) was used to monitor the subject’s heart rate (HR) throughout 

the experiment on a Hewlett- Packard monitor/defibrillator (model 43100A).  

Core temperature (Tco) was measured by a disposable esophageal thermocouple which was 

inserted through the nose into the esophagus (Tes) and positioned at the level of the heart since this 

site provides the best non-invasive representation of core blood temperature [83, 84]. 

Skin temperature (Tskin in °C) and cutaneous heat flux (HF in W/m²) was measured at 12 

different sites (adapted from Layton et al.) using thermal flux transducers (Concept Engineering, 

Old Saybrook, CT) [85]. Regional heat flux was calculated using the equation: 
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HFsite (W) = HFdisc (W/m²) x BSA (m²) x Regional % of the site x 0.01 

Or HFsite (W) = HFdisc (W/m²) x Area covered by the heat pack (m²) 

 

The 12 sites along with their regional percentages are: forehead (9%), right lateral chest 

(4.5%), left lateral chest (4.5%), superior umbilicus (6%), left lateral abdomen (6%), upper back 

(4.5%), right axilla (4.5%), lower back (6%), left posterior upper arm (7%), right anterior forearm 

including hand (12%), right anterior thigh (18%), left posterior thigh (18%). 

An open-circuit method was used to measure oxygen consumption (VO₂) using a metabolic 

cart (Vmax 229 by Sensormedics, Yorba Linda, CA) from measurements of expired minute 

volume and inspired and mixed expired gas concentrations. Subjects were asked to wear a face 

mask which was fitted snuggly with a one-way valve. This mask was connected to the metabolic 

cart and flow transducer by flexible light-weight tubing. Metabolic heat production (M [W]) was 

calculated from respiratory exchange ratio (RER) and VO₂ (in L·min-1) [86]. The respiratory 

exchange ratio (RER) was assumed to be 0.82 based on mixed diet [87]. 

M(W) = VO₂ (l/min) x 69.7(W/Kcal·min-1) [4.686 (Kcal/l) + (RER – 0.707) x 

1.232(Kcal/l)]  

CLOTHING 

Four male subjects (one subject did not wear socks in all his trials) wore underwear, gym 

shorts, half sleeve shirt/T-shirt and socks and one female subject wore a bathing suit, gym shorts, 

half sleeve/T-shirt, and socks. 
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HYPOTHERMIA ENCLOSURE SYSTEMS (HES) 

Four commercial hypothermia enclosure systems (HES) and one user assembled (3-season 

sleeping bag) HES was selected for use in this study. The four commercial hypothermia enclosure 

systems are more popular and used in rescue sites across the United States and Canada. Vapor 

Barrier (built-in internal or separate internal) and dry or gel chemical heat packs were used with 

all five systems.  

Three-season sleeping bag (separate internal vapor barrier) with gel chemical heat packs 

(Control) 

The subject was placed inside a 3-season sleeping bag in this control condition. The 

separate internal vapor barrier (size- 125cm x 196cm and weight- 0.39 kg) provided by Canadian 

Coast Guard was used with this system. The size of this bag is 70 cm x 220 cm and weighs 2.3 kg. 

The volume of this bag is 30 liters. The three gel chemical heat packs (ThermoPad©- Hood 

Thermo-Pad Canada Ltd, BC, CA) (size- 20.32 cm x 45.72 cm and weight of one heat pack-1 kg), 

which were included with this bag, were placed on the chest, upper back and the armpits [64]. The 

total cost of this bag (including the cost of vapor barrier and three gel chemical heat packs) is USD 

170. A metal disk (found inside a gel heat pack) is flexed to activate until crystals formed. The 

metal disc activates the material (sodium acetate salt solution) of the gel heat pack to create a 

chemical reaction and produces heat. It needs to be heated up in boiling water for 20 minutes until 

all crystals dissolve for recharge. The gel chemical heat packs produce instant heat however, were 

activated 10 min prior to the application on the subjects to ensure maximum temperature attained 

by the chemical heat packs. Figure 1 shows top view and inside of the 3-season sleeping bag and 

placement of gel chemical heat packs on axillae, chest and upper back. Figure 6 shows the head 
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closure fitting for this bag. Figure 7 shows the five types of chemical heat sources for the 

hypothermia enclosure systems. 

Figure 1. (A) Top view of the 3–season sleeping bag; (B) Inside view of the 3–season sleeping 
bag; (C) Placement of gel chemical heat packs on axilla, chest and upper back. 
 

                        

(A)                                               (B) 

                                

                                             (C) 
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Wiggy’s Victims Casualty Hypothermia Bag (Wiggy’s, Inc., CO, USA) (built-in internal 

vapor barrier) with dry chemical heating pads  

This bag has been designed to assist in casualty evacuation by search and rescue 

professionals. The top exterior side and the interior lining of the bag are made of 200 denier oxford 

nylon and the bottom side is made of 1000 denier cordora nylon. The top layer of the bag 

completely separates from the bottom layer which aids in easy placement of the victim. The interior 

and exterior of the bag are waterproof. No separate vapor barrier was used with this bag. This bag 

weighs 3.62 kg and measures (88 cm x 229 cm). This bag can fit into a (27.94 cm x 58.42 cm)  

compression stuff sack. The cost of this bag is USD 335. It has a mesh chest pocket (30 cm x 62 

cm) on the inside of top layer which can hold two (15 cm x 29.5 cm) dry chemical heat pads which 

lay on the chest and abdomen areas of the subjects. The Wiggy’s does not manufacture any 

chemical heat sources. Therefore, two dry chemical heating pads [Ready-HeatTM (1 Panel, 

TechTrade LLC, NY, USA)] (size - 40.64 cm x 45.72 cm and weight – 0.19 kg) were placed inside 

the chest pocket. The cost of single dry chemical heating pad is USD 14. The dry chemical heat 

pad was exposed to air for 10–20 minutes before application on the subjects because it requires 

10-20 minutes of air exposure to attain maximum temperature. Figure 2 shows top view and inside 

of the Wiggy’s Bag and placement of dry chemical heating pads on the chest and abdomen areas. 

Figure 6 shows the head closure fitting for this bag. Figure 7 shows the five types of chemical heat 

sources for the hypothermia enclosure systems. 
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Figure 2 (A) Top of the Wiggy’s Bag; (B) Inside of the Wiggy’s Bag; (C) Placement of dry 
chemical heating pads on the chest and abdomen areas. 
 

           

(A)                                                                   (B) 

                                                   

                                                                         (C) 
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Doctor Down® Rescue Wrap® (11-1001, Doctor Down, Inc., Polson, MT, USA) bag (built-in 

internal vapor barrier) with gel chemical heat packs  

This bag is best suited for all weather and protects from the extreme environment as per 

the manufacturer of this bag. The outer shell is made of storm-tech (3-layer multi-polymer) and is 

breathable, waterproof and windproof. It has removable PrimaLoft® insulation cores (PrimaLoft, 

Inc., NY, USA) which can be doubled or tripled as per requirement. It includes a disposable liner 

which protects the patient from infection as this provides a clean surface. All four sides have 

Velcro® system which allows 360° subject access. It also includes a detachable insulated hood 

(weight - 0.37 kg). Figure 6 shows the head closure fitting for this bag. This bag weighs 6.35 kg 

and measures 93.98 cm x 203.2 cm. It has solid two pockets (27.5 cm x 28 cm) inside of top layer 

at the chest and abdomen level for gel heat packs. The Doctor Down® provides reusable gel 

chemical heat packs (size - 20.32 cm x 20.32 cm and weight of one heat pack - 0.61kg). The total 

cost of this bag (including the cost of insulated hood and single gel chemical heat pack) is USD 

1050. A metal disk (found inside a gel heat pack) was flexed to activate until crystals form. It 

activates the material (sodium acetate salt solution) of the gel heat pack to create a chemical 

reaction and produces heat. It needs to be heated up in boiling water for 20 minutes until all crystals 

dissolve for recharge. The gel chemical heat packs produce instant, however, were activated 10 

minutes prior to application on the subjects to ensure maximum temperature attained by the 

chemical heat packs. Figure 3 shows top view and inside of the Doctor Down® Rescue Wrap®; 

and placement of gel chemical heat packs on the chest and abdomen areas. Figure 7 shows the five 

types of chemical heat sources for the hypothermia enclosure systems. 
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Figure 3 (A) Top of the Doctor Down® Rescue Wrap®; (B) Inside of the Doctor Down® Rescue 
Wrap®; (C) Placement of gel chemical heat packs on the chest and abdomen areas. 
 

     

(A)                                                                     (B) 

                                               

                                                                       (C) 
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MARSARS Hypothermic Stabilizer Bag (MARSARS Water Rescue Systems, Inc., CT, USA) 

(separate internal vapor barrier) with gel chemical heat packs 

This is a device which prevents the heat loss from a patient in a cold environment. It has a 

polyester–pile liner which wicks away sweat and moisture inside of the bag and maintains the 

insulation.  The bag is waterproof and windproof. The separate internal vapor barrier (Bio-liner- 

Safecross® First Aid Ltd, TO, CA) (size - 142.2 cm x 228.6 cm and weight - 0.25 kg) was also 

used with the bag. The top insulation shell is made of 240 denier nylon and bottom insulation shell 

is made of 1000 denier cordora nylon. It has a double zipper on all four sides. All three sides (head 

end and either side) completely separate for subject access except the foot end. The top and bottom 

shells are attached at the foot end. This bag weighs 5.35 kg. The dimensions of the bag are 70 cm 

x 210 cm. This bag does not have any pocket for a chemical heat source. However, it provides two 

types of gel chemical heating pads (long and short). The longer one (20.32 cm x 91.44 cm) includes 

two gel chemical heat packs (The Heat Solution, PRISTECH products, Inc, SA, USA) and was 

placed on the subject’s chest, and the both armpits. The shorter one (size - 20.32 cm x 45.72 cm 

and weight of one heat pack - 1kg) includes one gel chemical heat pack which was placed beneath 

the upper back of the subject. The total cost of this bag (including the cost of vapor barrier and 

three gel chemical heat packs) is USD 528. The gel chemical heat pack contains sodium acetate 

salt solution and was activated to start the chemical reaction to generate heat by flexing the metal 

disk inside the gel heat pack until crystals form. It needs to be heated up in boiling water for 20 

minutes until all crystals dissolve for recharge. The gel chemical heat packs were activated 2 

minutes prior to the application on the subjects to ensure maximum temperature attained by the 

chemical heat packs. Figure 4 shows top view and inside of the MARSARS Bag; and placement 

of gel chemical heating pads (gel chemical heat packs) on the chest, axillae, and upper back. Figure 
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6 shows the head closure fitting for this bag. Figure 7 shows the five types of chemical heat sources 

for the hypothermia enclosure systems. 

Figure 4 (A) Top of the MARSARS Bag; (B) Inside of the MARSARS Bag; (C) Placement of gel 
chemical heating pads (gel chemical heat packs) on the chest, both axilla, and upper back 
 

              

(A)                                                               (B) 

                                

                                            (C) 
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Hypothermia Prevention and Management Kit (HPMK®) (North American Rescue, LLC, 

SC, USA) (built-in internal vapor barrier)  

This unit is recommended by the U.S. Department of Defense Committee on Combat 

Casualty Care (CoTCCC) for the prevention of hypothermia during casualty care. It includes a 

heat - reflective shell (109.22 cm x 198.12 cm) with built - in the hood and in a tapered shape. The 

heat - reflective shell is wind and waterproof. It is made from a polyolefin, 4 ply, composite fabric. 

All three sides (head end, and either side) of the heat reflective shell has Velcro® closures system 

(3.81 cm) except the foot end and separates completely for the victim’s quick and easy placement. 

This kit weighs 1.58 kg. It includes self - heating shell liner called as a dry chemical heating blanket 

(Ready-HeatTM - 4 Panel) (4 Panel, TechTrade LLC, NY, USA) (size - 86.36 cm x 121.92 cm and 

weight - 0.794 kg) which is the heat-generating source. The cost of HPMK is USD 108. This self 

- heating shell liner includes four pouches of dry chemical powder, which was placed on the 

subject’s torso to cover the axilla, chest, and abdomen. This self-heating shell liner was exposed 

to air for 10–20 minutes before application on the subjects because it requires 10-20 minutes of air 

exposure to attain maximum temperature. Figure 5 shows top view and inside of the HPMK®; and 

placement of the dry chemical heat blanket on the axilla, chest and abdomen areas. Figure 6 shows 

the head closure fitting for this bag. Figure 7 shows the five types of chemical heat sources for the 

hypothermia enclosure systems. 
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Figure 5 (A) Top of the HPMK®; (B) Inside of the HPMK®; (C) Placement of the dry chemical 
heat blanket on the axilla, chest and abdomen areas.  
 

          

(A)                                                              (B) 

                                                  

                                                                            (C) 
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Figure 6. Head view of five hypothermia enclosure systems: A) 3-season sleeping bag; B) 
Wiggy’s Victims Casualty Hypothermia Bag; C) Doctor Down® Rescue Wrap®; D) MARSARS 
Hypothermic Stabilizer Bag; E) Hypothermia Prevention and Management Kit (HPMK®) 
 

                           

(A)                                                 (B)                                                    (C) 

 

                                                                  

                                                 (D)                                                 (E) 
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Figure 7. Chemical heat sources of five hypothermia enclosure systems: A) Gel chemical heat pack 
(ThermoPad) (used with Control); B) Dry chemical heating pad (Ready-HeatTM) (used with W); 
C) Gel chemical heat pack (Doctor Down) (used with DD); D) Gel chemical heat pack (Heat 
Solution) (used with M); E) Dry chemical heating blanket (Ready-HeatTM) (used with HPMK) 
 

     

                          (A)                                             (B)                                               (C) 

 

                      

                (D)                                                   (E) 
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A test procedure to determine temperature profile of five chemical heat sources was 

performed in our laboratory (see Figures 8-9). Five chemical heat sources were: A) Gel chemical 

heat pack (ThermoPad) (used with Control); B) Dry chemical heating pad (Ready-HeatTM) (used 

with W); C) Gel chemical heat pack (Doctor Down) (used with DD); D) Gel chemical heat pack 

(Heat Solution) (used with M); E) Dry chemical heating blanket (Ready-HeatTM) (used with 

HPMK). A charcoal heater was also included in the test procedure. However, data for charcoal 

heater was not recorded.  

 
Figure 8. Test procedure to determine the temperature profile of the five chemical heat sources 
Note: a charcoal heater included but data not recorded 
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Figure 9. Temperature profile for five chemical heat sources. Time 0 indicates activation. Note: 
Temperature of chemical heat sources were recorded at room temperature, 
 

 

 

PROTOCOL 

Five subjects (4 male and 1 female subjects) participated in our study. The five different 

trial conditions were performed on the same time of day to control for circadian effects. The 

subjects were supposed to be exposed to -20°C cold environment. However, we found that the 

climatic chamber started warming up on opening the door at every 10 minutes to get the subject 

response on cold discomfort. Therefore, it was decided that the four subjects would be exposed to 

-22°C cold environment and one subject who was already exposed to -20°C, would continue with 

-20°C under all the conditions. Each trial was separated by at least 48 hours. The order for five 

trials for each subject followed a balanced design. Subjects were advised to have adequate sleep 

and refrained from vigorous physical activity, alcohol or any drugs during the 24 hr before each 

experiment. They were not allowed any food except small breakfast within 2-3 hours before each 
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experiment. Forty-five minutes was designated for instrumentation to be completed. The subjects 

were then put on clothing mentioned above. Subjects were then asked to sit relaxed and quiet for 

baseline measurements. All baseline measurements were collected for 10 minutes. A Ready-

HeatTM (dry chemical heating blanket and pad) was exposed to air for 10 – 20 minutes before 

application on the subjects. The gel heat pack produces instant heat and was activated by flexing 

the metal disc present inside of the pack until the crystals form to generate heat.  

One of the bags with built-in or separate internal vapor barrier for each trial was then placed 

on the bed and subject was asked to lie still on the bag. The dry chemical heating pads or blanket 

(Ready-HeatTM) or gel chemical heat packs were applied to the subject according to their 

designated system. The bag was then tightly closed with zipper or Velcro® closure. The trial 

started when bed was pushed inside of the cold chamber (-20 or 22°C) and subject remained in the 

cold chamber until one of the following criteria met: a time period of 60 minutes elapsed; core 

temperature decreased to 36°C or decreased by 0.5°C whichever came first; a researcher 

terminated the experiment for safety reason, or the participant wished to exit. Subjects were asked 

about whole body discomfort at intervals of 10 minutes during the entire period of the experiment. 

They were then exited from the chamber and were asked to enter in a tank of warm water of 40 to 

42°C to rewarm actively. This warm water bath was included for subjects so that core temperature 

could return to normal values (Tco – 37° ± 0.5°C) and subjects could feel comfortable. Participants 

were also asked about their overall preferences among all systems, overall shivering and overall 

cold rating at the end of each trail (See Appendix F) 
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DATA ANALYSIS 

The change in esophageal temperature (Tes) was measured from the beginning of 

experiment period to the end, including baseline. 

The area-weighted average skin temperature of all sites was calculated to compute the total 

body skin temperature (TskTotal) by assigning the regional percentages to each area (described 

below). 

The 12 sites along with their regional percentages (adapted from Layton et al.) [85] were: 

forehead (9%), right lateral chest (4.5%), left lateral chest (4.5%), superior umbilicus (6%), left 

lateral abdomen (6%), upper back (4.5%), right axilla (4.5%), lower back (6%), left posterior upper 

arm (7%), right anterior forearm including hand (12%), right anterior thigh (18%), left posterior 

thigh (18%). 

Torso skin temperature (TskTorso) was calculated from area weighted average of the right 

lateral chest, left lateral chest, upper back, lower back, superior umbilicus, left lateral abdomen 

and right axilla sites according to the percentages described above. Forehead skin temperature was 

represented as face skin temperature. 

Metabolic heat production (M) was calculated by using the following equation from 

oxygen consumption (VO₂) and respiratory exchange ratio (RER): 

M(W) = VO₂(l/min) x 69.7(W/Kcal·min-1) [4.686(Kcal/l) + (RER – 0.707) x 1.232(Kcal/l)]  

Respiratory heat loss (RHL) was computed from metabolic heat production using the 

following equation [86, 88]: 

RHL (W) = 0.09 x M 



42 
 
 

The total body skin heat flux (HFTotal) was calculated by adding the heat flux values of all 

12 sites (W·site-1) which were calculated from values of heat flux for each transducer using the 

following equation: 

HFsite (W) = HFdisc (W/m²) x BSA (m²) x Regional % of the site x 0.01. 

Or HFsite (W) = HFdisc (W/m²) x Area covered by the heat pack (m²) 

Table 1 shows equations and regional percentages assigned to each transducer to calculate the heat 

flux for each site. 

Torso skin heat flux (HFTorso) was calculated by adding the heat flux values of all 7 sites 

(right lateral chest, left lateral chest, upper back, lower back, superior umbilicus, left lateral 

abdomen and right axilla). 

Heat flux for face was calculated from flux value for forehead transducer using regional % 

of the face (3%). 
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Table 1. The skin heat flux for each site was calculated according to the equations and their 
regional percentages as given below: 
 

Site Hypothermia Enclosure Systems 

 Control Doctor Down MARSARS HPMK Wiggy’s 
HFSite (W) = HFTSite (W/m2) x A (m2) 

 Where A = Where A = Where A = Where A = Where A = 
Forehead BSA x 9% 

x 0.01 
BSA x 9% x 

0.01 
BSA x 9% 

x 0.01 
BSA x 9% 

x 0.01 
BSA x 9% x 

0.01 
Right Lateral 

chest 
AHS x 2/3 AHS x 1/2 AHS x 2/3 AHS x 1/2 

x 2/3 
AHS x 1/2 

Left Lateral 
Chest 

AHS AHS x 1/2 AHS AHS x 1/2 AHS x 1/2 

Superior 
Umbilicus 

BSA x 
6.3% x 0.01 

AHS BSA x 
6.3% x 0.01 

AHS x 1/2 AHS 

Left Lateral 
Abdomen 

BSA x 
6.3% x 0.01 

[(BSA x 9% x 
0.01) - (AHS)] 

BSA x 
6.3% x 0.01 

AHS x 1/2 [(BSA x 9% x 
0.01) - (AHS)] 

Upper Back AHS BSA x 9% x 
0.01 

AHS BSA x 
12.6% x 

0.01 

BSA x 9% x 
0.01 

Right Axilla AHS x 1/3 [(BSA x 9% x 
0.01) - (AHS)] 

AHS x 1/3 AHS x 1/2 
x 1/3 

[(BSA x 9% x 
0.01) - (AHS)] 

Lower Back BSA x 
12.6% x 

0.01 

BSA x 9% x 
0.01 

BSA x 
12.6% x 

0.01 

[(BSA x 
18% x 0.01) 

- (AHS)] 

BSA x 9% x 
0.01 

Left Posterior 
Upper Arm 

BSA x 7% 
x 0.01 

BSA x 7% x 
0.01 

BSA x 7% 
x 0.01 

BSA x 7% 
x 0.01 

BSA x 7% x 
0.01 

Right Anterior 
Forearm 

BSA x 12% 
x 0.01 

BSA x 12% x 
0.01 

BSA x 12% 
x 0.01 

BSA x 12% 
x 0.01 

BSA x 12% x 
0.01 

Right Anterior 
Thigh 

BSA x 18% 
x 0.01 

BSA x 18% x 
0.01 

BSA x 18% 
x 0.01 

BSA x 18% 
x 0.01 

BSA x 18% x 
0.01 

Left Posterior 
Thigh 

BSA x 18% 
x 0.01 

BSA x 18% x 
0.01 

BSA x 18% 
x 0.01 

BSA x 18% 
x 0.01 

BSA x 18% x 
0.01 

A = Area allocated to each transducer; BSA = Body Surface Area (m2); AHS = Area covered by 
Chemical Heat Source (length x breath) (m2)  

 

The net heat balance (net heat gain/loss) is the balance between heat production by the 

body and heat loss from the body. The net heat gain/ loss will be zero if heat production by the 
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body equals to heat loss from the body. Net heat gain (NHG) was calculated from metabolic heat 

production (M), respiratory heat loss (RHL), and total body skin heat flux (HFTotal). 

 NHG (W) = M (W) – RHL (W) – HFTotal (W) 

Whole body cold discomfort was evaluated at 10-minute intervals during the experiment 

using a numerical rating scale ranging from 0 (not cold at all) to 10 (unbearably cold) [89]. 

Repeated measure one-way analysis of variance (ANOVA) was used to compare all the 

variables (core body temperature, heat flux, skin temperature, RHL, metabolic heat production, 

net heat gain, and whole body discomfort) for the five conditions. Post hoc analyses for significant 

differences between experiments was accomplished using Tukey’s Post hoc test. Results were 

reported as means ± SD and p<0.05 was considered as significant differences. 
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RESULTS 

The five subjects (4 male, 1 female) who completed the study were (mean ± SD) 29.4 ± 

4.2 years old, 175 ± 7.7 cm tall, weight 83.8 ± 24.1 kg, had 2 ± 0.3 m² body surface area, and 18.4 

± 4.9% body fat (see Table 1).  

Table 2. Descriptive data for five subjects. 

Subject Gender 
Age 

(years) 
Height 
(cm) 

Weight 
(kg) 

BMI 
(kg/m2) 

BSA 
(m2) 

SFSF 
(mm) 

Body Fat 
(%) 

01 M 29.0 184.0 87.0 25.7 2.1 52.2 19.4 
02 F 25.0 164.0 57.0 21.2 1.6 27.2 18.3 
03 M 32.0 172.0 65.0 22.0 1.8 26.4 14.8 
04 M 35.0 175.0 92.0 30.0 2.1 23.0 13.4 
05 M 26.0 180.0 118.0 36.4 2.4 89.0 26.0 

Mean  29.4 175.0 83.8 27.1 2.0 43.6 18.4 
SD  4.2 7.7 24.1 6.3 0.3 27.9 4.9 

BMI = Body Mass Index; BSA = Body surface area; SFSF = Sum of four skinfolds; M = Male; F 
= Female; SD = standard deviation 

 

CORE TEMPERATURE   

Five subjects were remained in the climatic chamber for the entire 60 minutes in 24 trials 

except for the one trial where the subject was taken out of the chamber and HES because the 

subject felt claustrophobia. The subject remained in the chamber for 44.5 minutes. Data for all the 

variables for that trial were extrapolated based on the trend of values before the termination of the 

trial. The climatic chamber failed to function in the one trial at the 30th  min (restarted at 45th  min) 

and for the other trial stopped working at 35th  min (did not restart). Data for these two trials were 

either interpolated or extrapolated based on the trend of values before and/or after the failure.  



46 
 
 

The mean core temperature (Tco) in all the systems during the baseline period was 37.2 ± 

0.2°C. There were no significant differences between all the systems in any core temperature 

during baseline, at every 15 minutes, and mean change in core temperature (0-60 min) between all 

the systems (see Table 3; Figure 10). 

Table 3. Mean core temperature (Tco) (°C) during baseline, at every 15 min of the cold exposure 
and Mean change in core temperature (Tco) (0-60 min) for the five hypothermia enclosure systems 
(HES) [mean (SD)]. 

 Control 
Doctor 
Down 

MARSARS HPMK Wiggy’s 

Baseline Tes (°C) 37.2 (0.3) 37.0 (0.3) 37.2 (0.2) 37.1 (0.2) 37.0 (0.1) 

Tes (°C) at 15 min 37.2 (0.3) 37.1 (0.3) 37.1 (0.2) 37.0 (0.3) 37.1 (0.2) 

Tes (°C) at 30 min 37.2 (0.3) 37.1 (0.3) 37.1 (0.2) 37.0 (0.4) 37.1 (0.2) 

Tes (°C) at 45 min 37.2 (0.3) 37.1 (0.3) 37.1 (0.3) 37.0 (0.3) 37.0 (0.2) 

Tes (°C) at 60 min 37.2 (0.3) 37.0 (0.3) 37.1 (0.3) 37.0 (0.4) 37.0 (0.2) 

Change in Tes (0-60) 0.03 (0.2) -0.15 (0.2) -0.05 (0.1) -0.11 (0.3) -0.22 (0.2) 

Tes = Esophageal temperature 
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Figure 10. Mean change in esophageal temperature (Tes) (°C) during baseline, and at every 15 min 
of the cold exposure in the five hypothermia enclosure systems (HES). Time 0 minutes and 
temperature 0°C indicate entrance of the subjects inside the climatic chamber (bars, SD). For 
clarity, SD bars are only included for top and bottom lines. Time (min) = -20 to 0 include baseline 
plus transition period of the subjects from the baseline to the cold exposure. 

 

 

AVERAGE SKIN TEMPERATURE 

There were no significant differences between baseline (32.6 ± 0.7°C) and 60 min of cold 

exposure (33.0 ± 1.6°C) for the average total skin temperature for the same systems.  

There were no significant differences between the five systems for total body skin 

temperature (TskTotal) during the baseline period (see Table 4). The average TskTotal was significantly 

higher during 0-15 minutes of the cold exposure in the Control (34.3 ± 0.8°C) and Doctor Down 
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(34.4 ± 0.7°C) systems than the HPMK (32.6 ± 0.9°C) system (p<0.05) (see Figure 11). There 

were no other significant differences between all systems during 0-15 min of the cold exposure. 

During 15-30 minutes of the cold exposure, the average TskTotal was significantly higher in 

the Control (34.1 ± 0.9°C) system than the HPMK (31.3 ± 1.3°C) system (p<0.01). The higher 

average TskTotal was also found during this period of cold exposure in the Doctor Down (34.5 ± 

0.6°C) system compared to the HPMK and the Wiggy’s  (32.5 ± 1.3°C) systems (p<0.05). There 

were no other significant differences between all systems during 15-30 min of the cold exposure. 

During 30-45 minutes of the cold exposure, the average TskTotal was significantly higher in 

the Control (33.9 ± 0.9°C), the MARSARS (32.8 ± 1.3°C), and the Doctor Down (34.4 ± 0.7°C) 

systems than the HPMK (30.6 ± 1.6°C) system (p<0.05). The average TskTotal for Doctor Down 

system was also significantly higher than the Wiggy’s (32.2 ± 1.4°C) system (p<0.05). There were 

no other significant differences among all systems. 

During 45-60 minutes of the cold chamber, the average TskTotal was significantly higher in 

the Control (33.9 ± 1.0°C), the MARSARS (32.8 ± 1.3°C), and the Doctor Down (34.4 ± 0.6°C) 

systems than the HPMK (30.1 ± 1.7°C) system (p<0.01). The average TskTotal for the Doctor Down 

and the Control systems was also significantly higher when compared with the Wiggy’s (31.9 ± 

1.4°C) system (p<0.05) with no other significant differences between all systems during 15-30 

min of the cold exposure. 
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Table 4. The average total body skin temperature (°C) during baseline, and 60 min of cold exposure 
in the five hypothermia enclosure systems (HES) (mean ± standard deviation). 

Time Control      
(°C) 

Doctor Down 
(°C) 

MARSARS 
(°C) 

HPMK  
(°C) 

Wiggy’s  
(°C) 

Baseline 32.5 ± 0.9 32.9 ± 0.5 32.5 ± 0.9 32.6 ± 0.7 32.6 ± 0.5 
0-15 min 34.3 ± 0.8† 34.4 ± 0.7† 33.4 ± 1.0 32.6 ± 0.9 33.1 ± 0.9 

15-30 min 34.1 ± 0.9† 34.5 ± 0.6†* 32.9 ± 1.2 31.3 ± 1.3 32.5 ± 1.3 
30-45 min 33.9 ± 0.9† 34.4 ± 0.7†* 32.8 ± 1.3† 30.6 ± 1.6 32.2 ± 1.4 
45-60 min 33.9 ± 1.0†* 34.4 ± 0.6†* 32.8 ± 1.3† 30.1 ± 1.7 31.9 ± 1.4 
0-60 min 34.1 ± 0.9† 34.4 ± 0.6†* 33.0 ± 1.2† 31.2 ± 1.4 32.4 ± 1.2 

†Significantly higher than the HPMK system (p<0.05). *Significantly higher than the Wiggy’s 
system (p<0.05). 

 

Figure 11. Total body skin temperature (°C) during baseline, and during 60 min of the cold 
exposure in the five hypothermia enclosure systems (HES). Time 0 minutes indicate entrance of 
the subjects inside the climatic chamber (bars, SD). For clarity, SD bars are only included for top 
and bottom lines. Time (min) = -20 to 0 include baseline plus transition period of the subjects from 
the baseline to the cold exposure. *Significantly lower than the Control and Doctor Down systems 
(p<0.05). †Significantly higher than the Wiggy’s system (p<0.05). **Significantly lower than the 
Control, Doctor Down and MARSARS systems (p<0.05). Note: Skin temperature increase in 
transition when subject enters HES. 
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There were no significant differences between the five systems for TskTorso during the 

baseline period (see Table 5). The average TskTorso significantly increased to 37.0 ± 0.6°C during 

60 min of the cold exposure from baseline value (33.4 ± 1.0°C). During 0-15 minutes of the cold 

exposure, the average TskTorso was significantly higher in the Control (37.4 ± 0.7°C), and the Doctor 

Down (36.8 ± 0.9°C) and the HPMK (37.2 ± 0.5°C) systems than the Wiggy’s (35.5 ± 0.5°C) 

system (p<0.05) (see Figure 12). There were no other significant differences between all systems 

during 0-15 min of the cold exposure. 

During 15-30 minutes of the cold exposure, the average TskTorso was significantly higher in 

the Control (37.7 ± 0.5°C) system compared to the Wiggy’s (36.5 ± 0.2°C) system (p<0.05) but 

no other significant differences between all systems. The average TskTorso during 30-45 min and 

45-60 min of cold exposure was higher in the Control (37.6 ± 0.4°C and 37.3 ± 0.4°C respectively) 

and the HPMK (37.5 ± 0.4°C and 37.4 ± 0.3°C respectively) systems than the Wiggy’s (36.4 ± 

0.2°C and 36.4 ± 0.3°C respectively) system (p<0.05). There were no other significant differences 

between all systems during 45-60 min and 45-60 min of the cold exposure. 

Table 5. The average torso skin temperature (°C) during baseline, and 60 min of cold exposure in 
the five hypothermia enclosure systems (HES) (mean ± standard deviation). 

Time Control    
(°C) 

Doctor Down 
(°C) 

MARSARS 
(°C) 

HPMK    
(°C) 

Wiggy’s   
(°C) 

Baseline 33.0 ± 1.2 33.8 ± 0.9 33.3 ± 1.5 33.5 ± 0.9 33.2 ± 0.6 
0-15 min 37.4 ± 0.7* 36.8 ± 0.9* 36.5 ± 0.5 37.2 ± 0.5* 35.5 ± 0.5 

15-30 min 37.7 ± 0.5* 37.2 ± 0.8 37.1 ± 0.4 37.3 ± 0.5 36.5 ± 0.2 
30-45 min 37.6 ± 0.4* 37.2 ± 0.8 37.1 ± 0.4 37.5 ± 0.4* 36.4 ± 0.2 
45-60 min 37.3 ± 0.4* 37.1 ± 0.7 37.1 ± 0.4 37.4 ± 0.3* 36.4 ± 0.3 
0-60 min 37.5 ± 0.4* 37.1 ± 0.8 37.0 ± 0.4 37.4 ± 0.4* 36.3 ± 0.2 

*Significantly higher than the Wiggy’s system (p<0.05). 
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Figure 12. Torso skin temperature (°C) during baseline, and during 60 min of the cold exposure in 
the five hypothermia enclosure systems (HES). Time 0 minutes indicate entrance of the subjects 
inside the climatic chamber (bars, SD). For clarity, SD bars are only included for top and bottom 
lines. Time (min) = -20 to 0 include baseline plus transition period of the subjects from the baseline 
to the cold exposure. *Significantly lower than the Control, HPMK, and Doctor Down systems 
(p<0.05). †Significantly higher than the Wiggy’s system (p<0.05). **Significantly lower than the 
Control and Doctor Down systems (p<0.05). Note: Skin temperature increase in transition when 
subject enters HES. 
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5.0°C, 15.5 ± 4.4°C and 15.1 ± 4.3°C respectively) systems (p<0.01) (see Figure 13). There were 

no other significant differences during the entire period of the cold exposure. 

Figure 13. Face skin temperature (°C) during baseline, and during 60 min of the cold exposure in 
the five hypothermia enclosure systems (HES). Time 0 minutes indicate entrance of the subjects 
inside the climatic chamber (bars, SD). For clarity, SD bars are only included for top and bottom 
lines. Time (min) = -20 to 0 include baseline plus transition period of the subjects from the baseline 
to the cold exposure. *Significantly lower than the Control, and Doctor Down systems (p<0.05).  
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There were no significant differences for metabolic heat production between the five 

systems during the baseline period and the first 30 min of the cold exposure (see Table 6). The 

values of average metabolic heat production decreased from a baseline of 103.1 ± 17.1 W to 80.7 

± 17.9 W during 60 min of the cold exposure.  

The metabolic heat production was significantly higher during 30-45 minutes and 45-60 

minutes of cold exposure in the HPMK (97.3 ± 14.4 W and 110.6 ± 25.6 W respectively) system 

than the Control (72.5 ± 20.9 W and 60.5 ± 34.2 W respectively) and Doctor Down (65.0 ± 19.3 

W and 63.8 ± 17.0 W respectively) systems (p<0.05) (see Figure 14). There were no other 

significant differences between all systems during 45-60 min and 45-60 min of the cold exposure. 

Table 6. The average metabolic heat production (W) during baseline, and 60 min of cold exposure 
in the five hypothermia enclosure systems (HES) (mean ± standard deviation). 

Time Control     
(W) 

Doctor Down 
(W) 

MARSARS 
(W) 

HPMK            
(W) 

Wiggy’s   
(W) 

Baseline 101.1 ± 11.3 102.4 ± 15.1 103.3 ± 22.6 109.5 ± 19.2 99.3 ± 21.2 
0-15 min 84.5 ± 17.2 79.7 ± 15.2 81.7 ± 19.7 92.0 ± 22.6 79.2 ± 18.8 

15-30 min 73.9 ± 22.8 71.4 ± 11.6 81.1 ± 18.7 89.6 ± 13.7 80.0 ± 14.4 
30-45 min 72.5 ± 20.9 65.0 ± 19.3 83.0 ± 18.1 97.3 ± 14.4* 79.6 ± 11.8 
45-60 min 60.5 ± 34.2 63.8 ± 17.0 85.9 ± 20.5 110.6 ± 25.6* 80.7 ± 13.6 
0-60 min 72.8 ± 22.7 70.0 ± 12.7 82.9 ± 18.3 97.9 ± 11.8*† 79.9 ± 13.6 

*Significantly higher than the Control and Doctor Down systems (p<0.05). †Significant higher 
than the Wiggy’s system (p<0.05). 
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Figure 14. Metabolic heat production (W) during baseline, and during 60 min of the cold exposure 
in the five hypothermia enclosure systems (HES). Time 0 minutes indicate entrance of the subjects 
inside the climatic chamber (bars, SD). For clarity, SD bars are only included for top and bottom 
lines. *Significantly lower than the HPMK system (p<0.05).  
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51.3 W respectively) and the Wiggy’s (115.9 ± 43.7 W, 137.1 ± 59.2 W, 132.9 ± 57.7 W, and 

135.7 ± 59.5 W respectively) systems than the Control (31.8 ± 29.1 W, 52.1 ± 27.6 W, 58.2 ± 27.1 

W and 65.3 ± 29.6 respectively) and the Doctor Down (44.6 ± 12.2 W, 55.4 ± 16.1 W, 59.1 ± 16.9 

W and 58.6 ± 13.9 W respectively) systems (p<0.05) (see Figure 15). There were no other 

significant differences between all systems during the entire period of an experiment for total heat 

flux. 

Table 7. The average total body heat flux (W) during baseline, and 60 min of cold exposure in the 
five hypothermia enclosure systems (HES) (mean ± standard deviation).  

Time Control 
(W) 

Doctor Down 
(W) 

MARSARS 
(W) 

HPMK     
(W) 

Wiggy’s     
(W) 

Baseline 89.4 ± 4.0 85.8 ± 16.5 86.5 ± 11.6 86.6 ± 14.1 75.5 ± 5.3 

0-15 min 31.8 ± 29.1 44.6 ± 12.2 115.5 ± 48.8* 123.8 ± 48.2* 115.9 ± 43.7* 

15-30 min 52.1 ± 27.6 55.4 ± 16.1 137.0 ± 52.7* 139.4 ± 54.8* 137.1 ± 59.2* 

30-45 min 58.2 ± 27.1 59.1 ± 16.9 139.0 ± 49.0* 137.7 ± 57.8* 132.9 ± 57.7* 

45-60 min 65.3 ± 29.6 58.6 ± 13.9 144.6 ± 51.3* 144.7 ± 48.7* 135.7 ± 59.5* 

0-60 min 51.8 ± 26.8 54.4 ± 14.5 133.9 ± 50.3* 136.3 ± 51.8* 130.3 ± 54.3* 

*Significantly higher than the Control and Doctor Down systems (p<0.05). 
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Figure 15. Total body heat flux (W) during baseline, and during 60 min of the cold exposure in the 
five hypothermia enclosure systems (HES). Time 0 minutes indicate entrance of the subjects inside 
the climatic chamber (bars, SD). For clarity, SD bars are only included for top and bottom lines. 
Time (min) = -20 to 0 include baseline plus transition period of the subjects from the baseline to 
the cold exposure. *Significant difference between (the HPMK, MARSARS and Wiggy’s systems) 
and (the Control, and the Doctor Down systems) (p<0.05). Note: Heat flux (loss) decrease in 
transition when subject enters HES. 

 

 

There were no significant differences between the five systems for the heat loss from the 

torso (HFTorso) during the baseline (23.8 ± 4.7 W) (see Table 8). The average HFTorso significantly 

decreased from baseline values to -9.9 ± 15.5 during 60 min of the cold exposure. During 0-15 and 

15-30 min, there was significantly higher heat gain from the torso in the Control (-33.9 ± 18.2 W 

and -27.1 ± 14.0 W respectively) and the HPMK (-28.2 ± 18.8 W and -22.9 ± 18.9 W respectively) 
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± 3.4 W and 4.5 ± 3.2 W respectively) systems (p<0.05) (see Figure 16). There were no other 

significant differences between all systems during these periods. 

During 30-45 min, there was significantly higher heat gain in the Control (-19.6 ± 11.3 W; 

p<0.05) system compared to the Wiggy’s (5.0 ± 4.2 W) system. Similarly, there was significantly 

higher heat gain in the HPMK (-22.1 ± 19.4 W) system compared to the Wiggy;s and the Doctor 

Down (-0.8 ± 5.8 W) systems (p<0.05). There were no significant differences in all systems for 

torso heat flux during 45-60 min. 

Table 8. The average torso heat flux (W) during baseline, and 60 min of cold exposure in the five 
hypothermia enclosure systems (HES) (mean ± standard deviation).  

Time Control  
(W) 

Doctor Down 
(W) 

MARSARS 
(W) 

HPMK  
(W) 

Wiggy’s  
(W) 

Baseline 25.8 ± 5.1 23.1 ± 5.4 24.0 ± 5.1 26.3 ± 3.1 19.9 ± 3.4 
0-15 min -33.9 ± 18.2 0.1 ± 6.3*† -15.5 ± 7.6 -28.2 ± 18.8 6.8 ± 3.4*† 

15-30 min -27.1 ± 14.0 -1.2 ± 5.7 -10.6 ± 5.1 -22.9 ± 18.9 4.5 ± 3.2 
30-45 min -19.6 ± 11.3 -0.8 ± 5.8† -7.5 ± 4.7 -22.1 ± 19.4 5.0 ± 4.2*† 
45-60 min -10.6 ± 8.8 0.2 ± 5.3 -4.4 ± 4.1 -15.7 ± 24.8 5.7 ± 4.7 
0-60 min -22.8 ± 12.3 -0.4 ± 5.7*† -9.5 ± 4.8 -22.2 ± 20.4 5.5 ± 3.1*† 

*Significantly higher than the Control system (p<0.05). †Significantly higher than the HPMK 
system (p<0.05). 
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Figure 16. Torso heat flux (W) during baseline, and during 60 min of the cold chamber in the five 
hypothermia enclosure systems (HES). Time 0 minutes indicate entrance of the subjects inside the 
climatic chamber (bars, SD). For clarity, SD bars are only included for top and bottom lines. Time 
(min) = -20 to 0 include baseline plus transition period of the subjects from the baseline to the cold 
exposure. *Significant difference between (the Doctor Down and the Wiggy’s systems) and (the 
Control bag and the HPMK systems) (p<0.05). †Significant difference between (the Control and 
the HPMK systems) and the Wiggy’s system (p<0.05). **Significantly higher than the HPMK 
system (p<0.05). Note: Heat flux (loss) decrease in transition when subject enters HES. 
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158.5 ± 78.8 W, and 144.2 ± 49.8 W respectively) and the HPMK (263.6 ± 80.8 W, 288.6 ± 86.6 

W, 282.9 ± 98.3 W and 282.5 ± 91.0 W respectively) systems (p<0.05) (see Figure 17). 

Figure 17. Face heat flux (W) during baseline, and during 60 min of the cold chamber in the five 
hypothermia enclosure systems (HES). Time 0 minutes indicate entrance of the subjects inside the 
climatic chamber (bars, SD). For clarity, SD bars are only included for top and bottom lines. Time 
(min) = -20 to 0 include baseline plus transition period of the subjects from the baseline to the cold 
exposure. *Significantly higher than the Control, the Doctor Down and the HPMK systems 
(p<0.05). 
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gain in the Control (45.1 ± 22.1 W and 15.1 ± 9.6 W respectively) and the Doctor Down (27.9 ± 

11.1 W and 9.6 ± 15.1 W respectively) systems compared to the MARSARS (-41.2 ± 40.1 W and 

-63.2 ± 42.8 W respectively), the HPMK (-40.0 ± 35.7 W and -57.9 ± 43.9 W respectively) and 

the Wiggy’s (-43.8 ± 49.2 W and -64.3 ± 53.1 W respectively) systems (p<0.05) (see Figure 18). 

There were no other significant differences for torso heat flux during these periods. 

  During 30-45 min of the cold exposure, the net heat gain was significantly higher in the 

Control (7.8 ± 11.4 W) system than the MARSARS (-63.5 ± 36.6 W) system (p<0.05). The net 

heat gain was significantly higher in the Doctor Down (0.0 ± 24.6 W) system during 45-60 min 

than the MARSARS system (p<0.05). There were no other significant differences for torso heat 

flux during 30-45 min and 45-60 min of the cold exposure. 

  The total net heat gain in 60 min (cold exposure) for the Control and Doctor Down systems 

was 867.5 W and 558.7 W respectively whereas the total net heat loss in 60 min for the 

MARSARS, HPMK and Wiggy’s systems was 3509.5 W, 2834.7 W and 3454.4 W respectively. 

Table 9. The average net heat gain (W) during baseline, and 60 min of cold exposure in the five 
hypothermia enclosure systems (HES) (mean ± standard deviation). 

Time Control 
(W) 

Doctor 
Down (W) 

MARSARS 
(W) 

HPMK (W) Wiggy’s (W) 

Baseline 2.9 ± 9.0 7.7 ± 13.0 7.9 ± 15.5 10.2 ± 9.8 12.3 ± 16.0 
0-15 min 45.1 ± 22.1 27.9 ± 11.1 -41.2 ± 40.1 *† -40.0 ± 35.7 *† -43.8 ± 49.2 

*† 
15-30 min 15.1 ± 9.6 9.6 ± 15.1 -63.2 ± 42.8 *† -57.9 ± 43.9 *† -64.3 ± 53.1 

*† 
30-45 min 7.8 ± 11.4 0.0 ± 24.6 -63.5 ± 36.6 * -47.7 ± 65.7 -60.4 ± 58.0 

45-60 min -10.3 ± 16.0 -0.6 ± 13.2 -66.4 ± 35.6 † -44.1 ± 61.2 -62.3 ± 65.5 

0-60 min 14.5 ± 10.2 9.3 ± 12.5 -58.5 ± 38.4*† -47.2 ± 50.6 -57.6 ± 55.3*† 
*Significantly lower than the Control system (p<0.05). †Significantly lower than the Doctor 
Down system (p<0.05) 
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Figure 18. Net heat gain (W) during baseline, and during 60 min of the cold exposure in the five 
hypothermia enclosure systems (HES). Time 0 minutes indicate entrance of the subjects inside the 
climatic chamber (bars, SD). For clarity, SD bars are only included for top and bottom lines. Time 
(min) = -20 to 0 include baseline plus transition period of the subjects from the baseline to the cold 
exposure. *Significantly difference between three systems (the MARSARS, the HPMK and the 
Wiggy’s) and other two systems (the Control, and the Doctor Down) (p<0.05). †Significantly 
higher than the MARSARS system (p<0.05). Note: Net heat gain increase in transition when 
subject enters HES. 

 

 

SUBJECTIVE EVALUATION 

The subjects were asked about their whole body cold discomfort by providing values at an 
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The cold discomfort data were analyzed at every 10 minutes of cold exposure (see Table 10). 
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MARSARS and the Doctor Down system at every 10 minutes of the cold exposure (see Figure 

19). There were no other significant differences between all systems for the whole body cold 

discomfort during the entire period of the cold exposure. 

Table 10. The whole body cold discomfort at every 10 minutes of cold exposure in the five 
hypothermia enclosure systems (HES). 

Time Control Doctor 
Down  

MARSARS HPMK Wiggy’s P value 

At 10 min 0.4 ± 0.5 0.8 ± 0.4 0.4 ± 0.5 2.4 ± 1.1* 1.4 ± 0.9 P<0.05 
At 20 min 0.6 ± 0.5 1.2 ± 1.1 1.0 ± 0.7 3.6 ± 1.9* 2.2 ± 1.6 P<0.05 
At 30 min 0.8 ± 0.8 1.4 ± 1.1 1.4 ± 0.9 4.0 ± 2.4* 2.2 ± 1.6 P<0.05 
At 40 min 1.4 ± 1.3 1.8 ± 1.5 1.4 ± 0.9 4.4 ± 2.1* 2.8 ± 1.9 P<0.05 
At 50 min 1.4 ± 1.3 1.8 ± 1.5 1.6 ± 1.1 5.0 ± 2.1* 3.4 ± 2.4 P<0.05 
At 60 min 1.4 ± 1.3 2.0 ± 1.6 2.0 ± 1.4 5.6 ± 1.5* 3.4 ± 2.4 P<0.05 
*Significantly higher than the Control, MARSARS and Doctor Down systems.  

 

Figure 19. The whole body cold discomfort at every 10 minutes of the cold exposure (bars, SD). 
For clarity, SD bars are only included for top and bottom lines. *Significantly higher than the 
MARSARS, Doctor Down and Wiggy’s systems (p<0.05). 
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The overall subject’s preferences in the systems were asked at the end of each trial and the 

preferred systems were the Control, Doctor Down and MARSARS; the overall preference for the 

Wiggy’s system was neutral and the HPMK system was least preferred (see Table 11). One subject 

terminated the trial at 44.5 min with the MARSARS system because of claustrophobia. Three 

subjects reported about tightness of the MARSARS system during their trial with this system. 

Table 11. Overall preferences for the five hypothermia enclosure systems (HES) indicated by each 
subject following completion of each trial. 

Overall Preferences 
Subjects Control Doctor Down MARSARS HPMK Wiggy's 

1 
Most 

Preferred Neutral Most Preferred Less Preferred Preferred 

2 Neutral Most Preferred Preferred Least Preferred 
Less 

Preferred 

3 Preferred Neutral Most Preferred Less Preferred 
Least 

Preferred 

4 
Most 

Preferred Neutral Preferred Least Preferred 
Less 

Preferred 
5 Neutral Most Preferred Less Preferred Least Preferred Preferred 

 

 The overall shivering responses were taken at the end of each trial and there was no 

shivering in the Control, Doctor Down and MARSARS systems during cold exposure whereas 

there was low shivering during cold exposure with the Wiggy’s and the HPMK systems (see Table 

12). 
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Table 12. Overall shivering responses for the five hypothermia enclosure systems (HES) indicated 
by each subject following completion of each trial. 

Shivering Responses 
Subjects Control Doctor Down MARSARS HPMK Wiggy's 

1 No Low No Low No 
2 No No No High Low 
3 No No No Low Low 
4 No No No High Low 
5 No No No Low No 

 

 

The overall cold rating in the systems were taken at the end of each trial and the Control 

system was very warm bag; the Doctor Down and MARSARS systems were warm system; and 

the overall response for the Wiggy’s system was neutral and the HPMK systemwas very cold 

system (see Table 13). Three subjects reported about cold face during their trial with the 

MARSARS system. 

Table 13. Overall cold rating for the five hypothermia enclosure systems (HES) indicated by each 
subject following completion of each trial. 

Overall Cold Rating at the end of experiment 
Subjects Control Doctor Down MARSARS HPMK Wiggy's 

1 Very Warm Cold Warm Very Cold Neutral 
2 Warm Very Warm Very Warm Very Cold Cold 
3 Very Warm Very Warm Warm Cold Very Cold 
4 Very Warm Warm Warm Very Cold Cold 
5 Very Warm Very Warm Very Warm Very Cold Very Warm 

 

  



65 
 
 

DISCUSSION 

This was the first study to compare physiological and subjective responses of subjects to 

five hypothermia enclosure systems in which four systems (MARSARS, Doctor Down, HPMK 

and Wiggy’s with their built-in or separate internal vapor barrier and chemical heat sources) were 

commercial and one user assembled (3-season sleeping bag with separate internal vapor barrier 

and gel chemical heat packs) was the Control. This study compared the combined effect of active 

warming sources (gel chemical heat packs, dry chemical heating blanket, and dry chemical heating 

pads) which generates heat and applied directly on the subjects and passive insulation which 

prevents heat loss from the skin to the outside cold environment. These systems also included 

vapor barrier (separate internal or built-in internal) which prevents evaporative heat loss. 

Evaporative heat loss occurs with sweating or with wet clothing. This study, however, did not 

include any wet clothing. One subject in this study reported sweating in one of the trials with the 

Control system.  

Four subjects (1 female) were exposed to -22°C cold environment (cold climatic chamber) 

and one subject exposed to -20°C on five different occasions, each with one of the hypothermia 

enclosure systems, for a period of 60 min or until they reached to their Tes of 36°C (or a drop of 

0.5°C which ever came first).  

This study found that all systems provided insulation and heat. However, the Control and 

Doctor Down systems were most effective compared to other three systems (MARSARS, HPMK, 

and Wiggy’s). The user-assembled (Control system) demonstrated significantly less heat loss (total 

heat flux and torso heat flux), low metabolic heat production, higher skin temperature (total and 

torso) and higher net heat gain during 60 min of cold exposure. The subjects in the Control system 
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felt very warm, with no shivering and less cold discomfort. The Control system was the preferred 

HES amongst the other systems. The Doctor Down system demonstrated similar results with 

significantly less heat loss (total), low metabolic heat production, higher skin temperature(total) 

and higher net heat gain during 60 min of cold exposure. Total heat loss was significantly higher 

with the HPMK (136.3 ± 51.8 W), Wiggy’s (130.3 ± 54.3 W) and MARSARS (133.9 ± 50.3 W) 

systems compared to the Control (51.8 ± 26.8W) and Doctor Down (54.4 ± 14.5 W) systems 

(p<0.05) during 60 min of cold exposure. Net heat gain was higher with the Control (14.5 ± 10.2 

W) and Doctor Down (9.3 ± 12.5 W) systems compared to the Wiggy’s (-57.6 ± 55.3 W), and 

MARSARS (-58.5 ± 38.4 W) systems (p<0.05) during 60 min of cold exposure. The Doctor Down 

system showed significantly higher heat loss from torso compared to the Control system (during 

0-30 min of the cold exposure) and the HPMK systems (0-45 min of the cold exposure). This 

Doctor Down system also showed significantly higher torso skin temperature during first 15 min 

of the cold exposure than the Wiggy’s system. The overall response of the subjects for the Doctor 

Down system was preferred and warm system with no shivering and less cold discomfort. 

We hypothesized that the MARSARS system would result in greater net heat gain, less 

heat loss, and higher core temperature because of its high insulation thickness and the heating pads 

covered more high heat transfer areas (chest, both axilla and upper back). However, our results did 

not support this hypothesis. The MARSARS system showed lower net heat gain, higher heat loss 

compared to the Control and the Doctor Down systems, although subjects felt warm in this system 

and this system was the preferred HES, with no shivering and less cold discomfort. The 

MARSARS system also showed higher face heat loss and lower face skin temperature compared 

to the Control and the Doctor Down systems.  Three subjects felt that the MARSARS system was 

very tight. One subject terminated the experiment at 44.5 min with the MARSARS system because 
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of claustrophobia. We also hypothesized that the HPMK system would be least effective. Our 

study supports this hypothesis as the HPMK and the Wiggy’s systems demonstrated significantly 

higher heat loss (total heat flux), lower skin temperature (total) and lower net heat gain. The HPMK 

system, however, showed significantly lower torso heat loss than the Doctor Down and the 

Wiggy,s systems during 0-45 min of the cold exposure. The HPMK system also showed higher 

metabolic heat production than the Control and the Doctor Down systems during 30-60 min. The 

subjects felt very cold in the HPMK system with low shivering. The HPMK system was the least 

preferred system. The Wiggy’s system, however, showed higher heat loss from the torso and lower 

torso skin temperature compared to the Control and the HPMK systems. The overall subjective 

response for the Wiggy’s system was low shivering and neutral for cold rating and preference for 

the systems. 

RELATION  TO PREVIOUS LITERATURE 

 This study compared five hypothermia enclosure systems which include vapor barrier to 

prevent evaporative heat loss, active warming sources to actively warm the subjects, and insulation 

shell to prevent heat loss from the body. 

 Several studies indicated that evaporative heat loss would be reduced by either removing 

wet clothes or by adding vapor barrier in cold austere environment [21, 30]. Though this study did 

not include any wet clothing, however, it is expected that vapor barrier with these systems would 

reduce evaporative heat loss in wet condition. Thomassen et al compared three different insulation 

systems (bubble wrap, ambulance blanket and Hibler’s method– a combination of a tight layer of 

vapor barrier and dry insulating layer). The subjects participated in this study dressed in moistened 

clothes and then walked into a cold climatic chamber at 5°C and 3m/s and wrapped in one of the 
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insulation systems. This study indicated that Hibler’s method was an effective method to prevent 

heat loss and a combination of vapor barrier and dry insulating layer would be an effective method 

to insulate the patients in a cold environment [24]. 

 Several studies reported the effectiveness of various insulation systems including rescue 

bags, blankets with a number of layers/thickness, bubble wrap, mountain casualty bags, military 

survival bags [23-25, 90, 91]. The data from these studies supported the result of our study that the 

thicker the insulation, the greater the effect of the insulation system to prevent heat loss (the Doctor 

Down system in our study). Press et al compared six passive insulation methods using thermal 

manikin. Passive insulations were Wiggy’s bag, a vacuum mattress/Pertex fibrepile blanket 

system, mountain equipment casualty bag, blizzard bag, a light weight foil bag and an orange 

plastic survival bag. The author concluded that the vacuum mattress/Pertex/fibrepile blanket 

system, either alone or in combination with the Wiggy’s bag was the most effective in comparison 

to other passive insulations. The water temperature of thermal manikin in the combined system of 

vacuum mattress/Pertex/fibrepile blanket system and the Wiggy’s bag decreased by 3.2°C over 

130 min which was the lowest decline in the water temperature compared to the Control, the 

Wiggy’s bag alone, mountain casualty bag, blizzard bag and plastic orange survival bag . This 

study also indicated that the higher thickness increases the insulation value of the system [90]. 

 Several studies were performed to compare different active warming devices as these 

active warming devices decrease the cold stress and effective in rewarming hypothermic patients 

[13, 17]. Lundgren et al compared the four active torso warming devices using severe hypothermic 

human model. This study compared spontaneous rewarming, a charcoal heater, two hot water bags 

and two chemical heating pads. The study found that hot water bags (1.6°C) and chemical heating 
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pads (1.5°C) reduced the post-cooling afterdrop. The rate of rewarming was higher for the hot 

water bags (0.7°C /h) and the charcoal heater (0.6°C /h) [35].  Watts et al compared six groups 

using trauma patients during prehospital transport. The six groups were: 1) no intervention 2) 

cotton sheet or blanket 3) reflective blanket with cotton blanket 4) hot pack with cotton blanket 5) 

warm IV fluid with cotton blanket  and 6) warm IV with reflective blanket and cotton blanket. 

This study indicated that hot pack with cotton blanket increased the mean core temeprature (+ 

1.36°F) during transport compared to other groups [decrease in core temperature (-0.34 to -

0.61°F)] [92]. Our study indicated that higher heat gain from torso in the Control and HPMK 

systems compared to the Doctor Down and the Wiggy’s systems which is consistant with the 

previous studies which indicated that external heat application to the upper torso – axilla, chest 

and upper back (high heat transfer areas) was more effective [15, 93]. 

Our study compared the combined effect of active and passive devices. Allen et al 

compared active and passive hypothermia prevention devices and with a control group using 5 l 

dialysate fluid bag as a model, which was wrapped in different hypothermia prevention devices 

and placed in an ambient temperature. This study indicated that the combination of active and 

passive hypothermia prevention devices (HPMK) was most effective and maintained highest core 

temperature compared to all other methods. However, other active devices and some passive 

devices (Hot Pocket and Blizzard) performed similarly at 120 min exposure [75]. This study was 

performed at room temperature and does not represent the prehospital cold environment. Lungren 

et al failed to find out the advantage of combined effect of active and passive warming devices 

over passive warming only [72]. 
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 It is difficult to compare our study with the data from previous insulation studies because 

they have either compared different passive insulation only or compared active warming devices 

with passive warming devices. However, our study compared the five systems consisting 

insulation, vapor barrier and heat sources. 

POSSIBLE MECHANISMS FOR THE RESULTS 

There were no significant differences in all the hypothermia enclosure systems for core 

temprature (Tco). The thermo regulatory centre maintains Tco either by increasing the heat 

production and/or reducing the heat loss. The  core temprature (Tco) in all the systems in our study 

was maintained during the cold exposure by a compensatory increase in the metabolic heat 

production.  This can be supported by the results from total skin temperature and metabolic heat 

production. The results show the lower total skin temperature of subjects in the HPMK system 

with higher metabolic heat production and higher total skin temperature in the Control and the 

Doctor Down systems with lower metabolic heat production.  

The effectiveness of the systems is affected by two properties of the systems: 1) insulation 

to decrease heat loss, 2) external heat to increase the heat gain by the body. The Control and the 

Doctor Down systems were the most effective compared to other three systems. This can be 

explained by the thickness of these bags and areas covered by the gel chemical heat packs. The 

Control bag has a moderate thickness and gel chemical heat packs cover all the high heat transfer 

areas (chest, axilla, and upper back). These two properties explain the reason behind the 

effectiveness of this system comparison to the HPMK and the Wiggy’s systems. The control 

system showed higher net heat gain, low metabolic heat production, and less heat loss. The subjects 

reported less cold discomfort, very warm system and with no shivering in this system. 
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Although the MARSARS system provided insulation and heat, it was not more effective 

than the Control and the Doctor Down systems, though it contains the same properties- high 

thickness and gel chemical heat packs cover all high heat transfer areas (chest, axilla, and upper 

back). This system was uncomfortable and the three subjects complained about tightness of the 

bag. One subject terminated the trial with the MARSARS system because of claustrophobia. 

Because of the tightness of this bag, insulation was compressed which led to higher total heat loss 

compared to the Control and the Doctor Down systems. The average total heat loss in the 

MARSARS system for three subjects, who complained about the tightness of the bag, was 133.2 

± 9.5 W, 158.8 ± 16.9 W and 198.4 ± 12.4 W compared to other two subjects (62.8 ± 10.0 W and 

117.0 ± 16.1 W). The subjects in this system also reported having a cold face. The head in the 

MARSARS system was not closely fitted and could have a large volume of cold air. The face skin 

temperature in the MARSARS system was significantly lower compared to the Control and the 

Doctor Down systems. The MARSARS system also showed higher face heat flux compared to the 

Control and the Doctor Down systems. 

The Doctor Down bag has a higher thickness and gel chemical heat packs cover the chest 

and the abdomen. The higher insulation property explains the effectiveness of this system 

compared to the HPMK and the Wiggy’s systems. The Doctor Down system showed lower total 

heat loss, higher net heat gain, higher total skin temperature, and lower metabolic heat production 

because of high thickness compared to other systems. However, the torso heat flux was higher in 

this system compared to the Control and the HPMK systems which can be explained by the fewer 

areas covered by the gel chemical heat sources in the Doctor Down system compared to the Control 

and the HPMK systems. The subjects also felt warm in this system. 
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The Wiggy’s bag has a moderate thickness and two dry chemical heating pads cover chest 

and abdomen areas. This system showed low (torso and total) skin temperature, high (torso and 

total) heat flux. There were no significant differences in the Doctor Down and the Wiggy’s systems 

for torso heat flux which can be explained by the fewer areas covered by the chemical heat sources. 

The net heat gain was lower in the Wiggy’s system compared to the Doctor Down and the Control 

systems. 

The HPMK has a very low thickness and dry chemical heating blanket covers chest, axilla, 

and abdomen. The HPMK and the Wiggy’s systems also provided the insulation and heat. 

However, these systems were least effective compared to the Control, the Doctor Down, and the 

MARSARS systems. The higher total heat flux, higher net heat loss, higher metabolic heat 

production and lower total skin temperature in the HPMK system explain its relative 

ineffectiveness in a cold environment compared the Control and the Doctor Down systems. 

However, the torso skin temperature in this system was comparable to the Control system and was 

significantly higher than Wiggy’s system. Similarly, torso heat flux was significantly lower in this 

system than the Doctor Down and the Wiggy’s system. This can be explained by the areas covered 

by the dry chemical heating blanket which were more than the Doctor Down and the Wiggy’s 

systems. 

PRACTICAL IMPLICATIONS 

 The pre-hospital management of the cold exposed patients are to insulate the patients from 

the ground, remove wet clothing if possible, and use a vapor barrier to prevent evaporative heat 

loss and provide waterproof and the windproof insulation to prevent convective heat loss and 

active warming if needed. 
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According to this study on the coldly exposed subjects, all systems would provide 

insulation and heat. However, the Control, and the Doctor Down systems would be most effective 

systems to prevent heat loss in a cold environment. An additional heat gain through active warming 

from the gel chemical heat packs in both the systems might be of considerable clinical importance 

in scenarios with impaired shivering responses. Though this study was performed on young 

healthy individuals, however, benefits of these systems can be extrapolated to the mild or severe 

hypothermic patients. The low weight (2.3 kg) and low cost of the 3-season sleeping bag (Control) 

is an additional advantage of this system over the Doctor Down system. The low cold discomfort 

and no shivering in this system will be beneficial to decrease cardiac work, to increase physical 

and psychological comfort during pre-hospital care.  

The HPMK system showed higher total body heat loss and higher net heat loss compared 

to the Control and Doctor Down systems. However, advantages of the HPMK system over other 

systems are low weight (1.58 kg) and low cost. The HPMK is waterproof and windproof. 

Therefore, the HPMK system could be used during transportation in prehospital evacuation in 

cold, windy and rainy conditons.   

LIMITATIONS 

 Because of some technical problems, the climatic chamber failed to work in the two trials 

at the 30th min (the chamber restarted at 40th min) and at 35th min (did not restart) of the cold 

exposure. Data for these trials were either interpolated or extrapolated based on the trend of values 

before and after the failure. 

 Our study did not include wet or windy conditions. Studies showed a reduction of 

insulation value if the patient is wet (cold water immersion) or insulations are exposed to rain 
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water. Wind also decreases the thermal resistance of insulation. The wet and windy condition may 

have influenced our results.  

DELIMITATIONS 

This study was limited to: 

1) Young, healthy and normothermic population. 

2) Sample size - five subjects (four male and one female). 

3) -22°C temperature and dry condition inside of the cold climatic chamber. 

CONCLUSION 

 The results of the present study indicate that all systems provide insulation and heat, 

however, the Control and the Doctor Down systems were most effective compared to other three 

systems (the MARSARS, the HPMK, and the Wiggy’s). The high thickness and heat applied to 

all the areas of high surface heat transfer (chest, axilla, and upper back) would be important 

properties of these two systems (the Control and the Doctor Down). These two systems might be 

of great importance in prehospital rescue scenarios in cold austere environment. We recommend 

that user-assembled (Control) and the Doctor Down systems could be used for patients exposed to 

cold during the prehospital evacuation. Though this study was performed on young healthy 

normothermic individuals, the results could be extrapolated to hypothermic patients. The 

advantages of the 3-season sleeping bag over the Doctor Down bag are low weight and low cost 

which could be a reason to choose the Control system during search and rescue operations by 

rescue teams.   
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APPENDIX C 

Medical Screening Questionnaire for Hypothermia Enclosure Systems Study 

Please circle answer for each question below. 

1. Do you have any history of cardiac disease (e.g., heart murmur or palpitations, chest pain on 

exertion)?   

Yes / No 

2. Do you have any history of respiratory disease (e.g., asthma, chronic bronchitis)? 

Yes / No 

3. Do you have diabetes or thyroid disease? 

Yes / No 

4. Do you have any negative reactions caused by cold exposure (e.g., Raynaud’s Phenomenon, 

hives, rashes, trouble breathing)? 

Yes / No 

5. Do you have epilepsy? 

Yes / No 

6. Do you have any other neurological diseases such as multiple sclerosis. 

Yes / No 

7. Do you have any history of kidney disease? 

Yes / No 
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8. Do you have any history of liver disease? 

Yes / No 
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APPENDIX D 

 

RESEARCH PARTICIPANT INFORMATION AND CONSENT FORM 

 

Title of Study: A Comparison of five different hypothermic enclosure systems in a cold 

environment.  

 

Protocol number:              NSERC Discovery Grant (2010-17) 

Principal Investigator:           Gordon Giesbrecht  

                                             211 Max Bell Centre, University of Manitoba,  

              Winnipeg, MB - R3T 2N2 

                                                         Phone: 474-8646 

Co-Investigator:                                None 

Sponsor:                                             NSERC 
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                                   350 Albert Street,  

        Ottawa, ON – K1A 1H5 

 

 This consent form, a copy of which will be left with you for your records and 

reference, is only part of the process of informed consent. It should give you the basic idea 

of what the research is about and what your participation will involve. If you would like 

more detail about something mentioned here, or information not included here, you should 

feel free to ask. Please take the time to read this carefully and to understand any 

accompanying information. 

1. Purpose of the study 

The purpose of this study is to compare and determine the effectiveness of five 

hypothermic enclosure systems in preventing heat loss in cold environment (-20°C). 

2. Study procedures 

You are being asked to take part in this study because you have fulfilled the criteria of 

being a healthy adult between the ages of 18-45 years with no adverse responses to cold 

exposure nor any cardiorespiratory disease.  A total of six to eight participants will participate in 

this study. 

The order of experiments will follow a randomized balanced design. The order of the five 

hypothermic enclosure systems will be randomly assigned to each participant so that all 

participants have a different order of treatments.  

Neither you nor the study staff will be blinded to the treatment groups.  
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If you take part in this study, you will have the following tests and procedures: 

The study will require 5 trials for each participant each lasting approximately 2-3 hours in total. 

Each session will involve lying still in a room at -20˚C for one hour of cold exposure, each time 

with one of the following hypothermic enclosure systems: 

a) Regular 3-season sleeping bag with chemical heat pac (Control) 

b) NAR Hypothermia Prevention and Management Kit (HPMK) and chemical heat pacs 

c) MARSARS bag and chemical heat pacs 

d) Wiggy’s bag and chemical heat pacs 

e) Dr. Down bag and chemical heat pacs 

Experimental data will be recorded directly to a computer at 30 second intervals. 

You will be asked at 10-minute intervals throughout the studies about how cold you feel and if 

you would like to stop. The cooling portion of the trial will be terminated when one of the 

following criteria met: a time period of 60 minutes elapses, you wish to stop, the experimenter 

advises stopping, your core temperature decreases by 0.5˚C or to 36˚C (whichever comes first).  

A core temperature of below 32˚C is necessary to produce dangerous effects. Following that, you 

will be actively rewarmed by entering a warm water bath of 40-42˚C. 

Participation in the study will be for a period of up to 3-4 months, until you have visited the 

laboratory 5 times.  

3. Research Instrumentation 

1. You will be asked to complete a “PAR-Q-Activity questionnaire” and “Medical Screening 

Questionnaire for Hypothermia Enclosure System Study” prior to participating (both 
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forms attached). You will not be able to participate if you answer yes to any of the 

questions in these forms. 

2. You will be instructed to abstain from alcohol, medications or vigorous physical activity 

for a 24 hour period prior to the study.   

3. You will be instructed to have a small breakfast and no other food 2-3 hours prior to the 

beginning of test. 

4. Anthropometric data will be collected and recorded including: Age; weight; height; and 

skin fold thicknesses 

5. Core temperature will be measured with a sterile disposable esophageal thermocouple.  A 

thin, flexible tube will be inserted through the nose, to midway down the esophagus at the 

level of the heart.  The esophageal probe will be inserted by Dr. Giesbrecht.  You will 

have your own thermocouple which will not be used by anyone else. 

6. Metabolic rate will be continuously monitored; you will be asked to wear a face mask 

which will collect the expired breath, during the entire experimental period.   

7. 10 to 15 heat flux discs (2 cm in diameter) will be taped to my skin to measure heat 

transfer from or to the skin. 

8. Electrocardiogram leads will also be affixed to the skin.  

 The researcher may decide to take you off this study if you are not able to cope with the cold 

stress, any of the procedures causes unexpected negative reactions or adverse events, or there are 

any problems with data acquisition or protocol adherence are detected which nullifies the value 

of collected data. 

You can stop participating at any time. However, if you decide to stop participating in the study, 

we encourage you to inform the study staff first. 
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4. Benefits 

By participating in this study, you will be providing information to the study investigators 

that will compare the effectiveness of five hypothermic enclosure systems in cold environment. 

There may or may not be direct medical benefit to you from participating in this study. We hope 

the information learned from this study will benefit accidental victims of cold exposure in the 

future. 

5. Risks and Discomforts 

While on the study, you are at risk for certain side effects.  

1) Cold stress – The study in which you have been asked to participate involves lowering of 

body core (esophageal) temperature by a maximum of 0.5ºC (to a minimum of 36.0ºC). The 

cooling stress will be minimal and will pose no risk to you. 

2) Core temperature measurement – You will have your own sterilized disposable esophageal 

thermocouple probe.  The insertion of the esophageal probe may invoke some gag reflexes but 

for our technique has been well tolerated for 26 years. There is a slight risk of minor nose 

bleed.  If it occurs, direct pressure will be applied to the nostrils until bleeding stops. Rarely, it 

is also possible that the probe could enter the wind pipe (trachea).  This will not cause any 

damage but would be uncomfortable. This can be identified by difficulty in talking. If this 

occurs the probe will be removed. 

6. Anonymity and Confidentiality 

Participant’s identity will remain confidential and will not be disclosed without their 

permission.  Participants will not be identified in any written reports or publications.  Data will be 
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coded and names will not be revealed at any time.  Only group data or coded individual data will 

be presented or exposed.   

Hard copies of forms with personal data will be kept in a locked file cabinet in Dr. Gordon 

Giesbrecht’s Laboratory (Laboratory for Exercise and Environmental Medicine, 211 Max Bell 

Centre). Any personal information in digital form will be in password protected files. All data that 

includes subject’s identity or personal information will be destroyed (paper copies will be shredded 

and digital copies will be erased) by June 30th 2021, unless subjects indicate willingness to be 

contacted for future studies.   

Only Dr. Giesbrecht and his graduate students working on the study will have access to the identity 

of the participants and their data. Study results will not be identified with individual participants 

and will be kept on file digitally and/or in paper form indefinitely. All graduate students who 

participate in this research study will sign a “Confidentiality Oath”. 

7. Honorarium 

           Subjects will be paid a $50 for each trial as an honorarium for time, effort and discomfort. 

They will be paid in full for any trial in which they start, whether they complete that trial or not. 

Payment will be in the form of a cheque mailed after the last experiment with delay of 3 to 6 weeks. 

8. Voluntary Participation/Withdrawal From the Study 

    Your decision to take part in this study is voluntary. You may refuse to participate    or you 

may withdraw from the study at any time. Your decision not to participate or to withdraw from the 

study will not affect your other care at this site. If anyone from the investigation team feels that it 

is in your best interest to withdraw you from the study, they will remove you without your consent. 
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We will tell you about any new information that may affect your health, welfare, or willingness 

to stay in this study. 

9. Feedback/Debriefing. 

I would like to receive a summary report of this study once it is completed. 

Yes      No  

If yes, please provide your e-mail address: _____________________________ 

10. Dissemination. 

Results will be submitted for publication in a scientific journal. No personal or identifying 

information will be included in any manuscript or presentation without written permission. 

11. Future Studies Recruitment. 

I am willing to be contacted regarding possible participation in future studies of this type.  

Yes     No  

If yes, please provide your e-mail address and phone no. 

 

E-mail address: ____________________________________ 

 

Phone no: _________________________ 
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Your signature on this form indicates that you have understood to your satisfaction 

the information regarding participation in the research project and agree to participate as 

a subject. In no way does this waive your legal rights nor release the researchers, sponsors, 

or involved institutions from their legal and professional responsibilities. You are free to 

withdraw from the study at any time, and /or refrain from answering any questions you 

prefer to omit, without prejudice or consequence. Your continued participation should be 

as informed as your initial consent, so you should feel free to ask for clarification or new 

information throughout your participation.  

The University of Manitoba may look at your research records to see that the research is 

being done in a safe and proper way.  

This research has been approved by the Education/Nursing Research Ethics Board. If you 

have any concerns or complaints about this project you may contact any of the above-

named persons or the Human Ethics Coordinator at 204-474-7122. A copy of this consent 

form has been given to you to keep for your records and reference. 

Participant signature______________________ Date ___________________ 

 (day/month/year) 

Primary Investigator: Dr. Gordon Giesbrecht                 Date ___________________ 

  (day/month/year) 

Signature: ____________________________ 
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APPENDIX E 

Equations for calculating body density given by Durnin and Womersley. 

Equations for different age groups in Males: 

Age (yrs)                  Density, Db (kg/l) = c-m x log sum of four skinfolds 

17-19           Db (kg/l) = 1.1620 – 0.0630 x log sum of four skinfolds 

20-29 Db (kg/l) = 1.1631 – 0.0632 x log sum of four skinfolds 

30-39 Db (kg/l) = 1.1422 – 0.0544 x log sum of four skinfolds 

40-49 Db (kg/l) = 1.1620 – 0.0700 x log sum of four skinfolds 

50+ Db (kg/l) = 1.1715 – 0.0779 x log sum of four skinfolds 

17-72 Db (kg/l) = 1.1765 – 0.0744 x log sum of four skinfolds 

 

Equations for different age groups in Females: 

Age (yrs) Db (kg/l) = c-m x log sum of four skinfolds 

16-19 Db (kg/l) = 1.1549 – 0.0678 x log sum of four skinfolds 

20-29 Db (kg/l) = 1.1599 – 0.0717 x log sum of four skinfolds 

30-39 Db (kg/l) = 1.1423 – 0.0632 x log sum of four skinfolds 

40-49 Db (kg/l) = 1.1333 – 0.0612 x log sum of four skinfolds 

50+ Db (kg/l) = 1.1339 – 0.0645 x log sum of four skinfolds 

16-68 Db (kg/l) = 1.1567 – 0.0717 x log sum of four skinfolds 
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APPENDIX F 

Subjective Response Scales 

1) Whole-body cold discomfort 

0. No Sensation of Cold 

1.  

2. Slightly Cold 

3.  

4. Fairly Cold 

5.  

6. Moderately Cold 

7.  

8. Very Cold 

9.  

10. Unbearable 

2) The Overall Preference Rating 

1 = Most Preferred 

2 = Preferred 

3 = Neutral 

4 = Less Preferred 

5 = Least Preferred 
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3) Shivering Rating 

1 = No Shivering 

2 = Low Shivering 

3 = High Shivering 

4) Overall Cold Rating 

1 = Very Warm 

2 = Warm 

3 = Neutral 

4 = Cold 

4 = Very Cold 

 


