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Abstract
Introduction: In the prehospital care of a cold and wet person, early application of ade-
quate insulation is of utmost importance to reduce cold stress, limit body core cooling, and 
prevent deterioration of the patient’s condition. Most prehospital guidelines on protection 
against cold recommend the removal of wet clothing prior to insulation, and some also 
recommend the use of a waterproof vapor barrier to reduce evaporative heat loss. However, 
there is little scientific evidence of the effectiveness of these measures.
Objective: Using a thermal manikin with wet clothing, this study was conducted to deter-
mine the effect of wet clothing removal or the addition of a vapor barrier on thermal 
insulation and evaporative heat loss using different amounts of insulation in both warm 
and cold ambient conditions.
Methods: A thermal manikin dressed in wet clothing was set up in accordance with the 
European Standard for assessing requirements of sleeping bags, modified for wet heat 
loss determination, and the climatic chamber was set to -15 degrees Celsius (°C) for cold 
conditions and +10°C for warm conditions. Three different insulation ensembles, one, two 
or seven woollen blankets, were chosen to provide different levels of insulation. Five dif-
ferent test conditions were evaluated for all three levels of insulation ensembles: (1) dry 
underwear; (2) dry underwear with a vapor barrier; (3) wet underwear; (4) wet underwear 
with a vapor barrier; and (5) no underwear. Dry and wet heat loss and thermal resistance 
were determined from continuous monitoring of ambient air temperature, manikin surface 
temperature, heat flux and evaporative mass loss rate.
Results: Independent of insulation thickness or ambient temperature, the removal of wet 
clothing or the addition of a vapor barrier resulted in a reduction in total heat loss of 
19-42%. The absolute heat loss reduction was greater, however, and thus clinically more 
important in cold environments when little insulation is available. A similar reduction in 
total heat loss was also achieved by increasing the insulation from one to two blankets or 
from two to seven blankets.
Conclusion: Wet clothing removal or the addition of a vapor barrier effectively reduced 
evaporative heat loss and might thus be of great importance in prehospital rescue scenarios 
in cold environments with limited insulation available, such as in mass-casualty situations 
or during protracted evacuations in harsh conditions.

Henriksson O, Lundgren P, Kuklane K, Holmér I, Naredi P, Bjornstig U: Protection 
against cold in prehospital care: Evaporative heat loss reduction by wet clothing removal 
or the addition of a vapor barrier—A thermal manikin study. Prehosp Disaster Med 
2012;26(6):1–6.

Introduction
In a cold, wet, or windy environment, an injured or ill person often is exposed to con-
siderable cold stress.1–3 Heat loss, aggravated by clothing that is torn, wet or insuf-
ficient for ambient conditions, occurs primarily due to convection by warming of the 
surrounding air layer, and is greatly increased by wind or movement. If the injured or 
ill person is in direct contact with the ground or another cold surface, there may also be 
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loss of wet clothing removal or the addition of a vapor barrier 
inside different amounts of insulation in both warm and cold 
ambient conditions.

Methods
Design and Settings
The study was carried out in September 2009 at the Thermal 
Environment Laboratory, Lund University, Lund, Sweden. A 
thermal manikin was used to evaluate the effect of wet clothing 
removal or the addition of a vapor barrier inside three different 
levels of insulation in cold and warm ambient temperatures.

The climatic chamber (2.4 × 2.4 × 2.4 m) and the thermal man-
ikin TORE 22,35 were set up in accordance with the European 
Standard for assessing requirements of sleeping bags, modified 
for wet heat loss determination.20 A rigid wooden board (194 × 
60 × 1.6 cm) was positioned in the middle of the climatic cham-
ber supported approximately 85 cm above the ground on a metal 
framework placed on a large scale (KC240, 240 kg, ± 5g, Mettler-
Toledo Inc., Greifensee, Switzerland). To simulate a prehospital 
rescue scenario, the thermal manikin was then placed in a supine 
position on an ordinary plastic spineboard (Baxstrap, 184 × 39 × 
2.5 cm, Laerdal Medical AS, Stavanger, Norway) on top of the 
wooden board.

The thermal manikin is the size and shape of an average male, 
with a height of 171 cm and 1.8 m2 body surface area. The mani-
kin is divided into 17 segments representing specific body parts, 
with independent internal electrical heating and surface tem-
perature sensors enabling area-weighted heat f lux recordings. 
Surface temperature was set and calibrated at 30.0±0.1 °C and 
13 humidity sensors (SHT75 sensors with evaluation kit EKH3, 
±2% relative humidity, Sensirion AG, Staefa, Switzerland) were 
placed over the legs, arms and trunk of the manikin.

The climatic chamber was set to -15 °C for cold environment 
measurements and +10 °C for warm environment measure-
ments. Ambient air temperature sensors (PT 100±0.03 °C, Pico 
Technology Ltd, St. Neots, UK) were positioned level with the 
supine manikin, adjacent to the ankles, mid-trunk and head.

The manikin clothing consisted of light, two-piece ther-
mal underwear, knee-length socks, and a balaclava. Pre-trial 
measurements were conducted with dry clothing and three 
different insulation ensembles; one, two or seven woollen 
blankets (Swedish Rescue Forces surplus), were chosen to 
provide low (2.81±0.08 clo), moderate (3.78±0.07 clo) or 
high (5.85±0.18 clo) insulation in still wind conditions at 
-15 °C.26,36 Each blanket measured approximately 190×135×0.5 
cm and weighed 2,000 g. The vapor barrier was made up 
of two large plastic bags, taped together to form a large sack 
(250×85 cm, 250 g).

Protocol and Monitoring
Five different test conditions were evaluated for all three levels 
of insulation ensembles: (1) no underwear; (2) dry underwear; 
(3) dry underwear with a vapor barrier; (4) wet underwear; and 
(5) wet underwear with a vapor barrier. The trials with dry or 
no underwear (1–3) were conducted only in cold conditions, 
while the trials with wet underwear (4 and 5) were conducted 
in both cold and warm conditions. This is due to the fact that 
in dry conditions, thermal resistance will be the same regard-
less of ambient temperature. Thus, dry heat loss in different 
ambient temperatures can be calculated from the determined 
thermal resistance. In wet conditions, however, evaporative heat 

a significant conductive heat loss. In the case of wet clothing or 
skin due to immersion, precipitation or previous physical activ-
ity, body surface evaporative heat loss may be considerable. To 
a smaller extent, heat also is lost by radiation to cold objects in 
the surroundings or clear sky, and by evaporative heat loss from 
the airways.4,5

If total heat loss, W/m2 (W = Watts, m2 = body surface area), 
exceeds possible endogenous heat production (basal metabolism 
and shivering), there is a risk of whole body cooling and hypo-
thermia. Cold-induced stress response may render great thermal 
discomfort,6,7 and independent of injury severity, hypothermia at 
admission to the Emergency Department significantly increases 
the risk of death and comorbidity.8–14 Thus, in addition to 
immediate care for life threatening conditions, early application 
of adequate insulation to reduce heat loss and prevent body core 
cooling is an important part of prehospital trauma care.15,16

The heat retention capacity of an insulation ensemble depends 
on its thermal and evaporative resistance.5 Thermal resistance 
(Rt), measured in m2°C/W (°C = degrees Celsius, W = Watts) 
or clo units (1 clo = 0.155 m2°C/W), is defined as the resistance 
to dry heat loss by convection, conduction, and radiation, and 
depends mostly on the thickness of the ensemble and its ability to 
retain air. Evaporative resistance (Re), measured in Pa m2/W (Pa = 
Pascal), is defined as the resistance to wet heat loss by evaporation 
of moisture through the material. Depending on the water vapor 
pressure gradient between skin and the surrounding air (defined 
by humidity and temperature), and on the moisture permeability 
of the insulation ensemble, the water vapor will either evaporate 
through the ensemble to the environment (real evaporation), or 
condense back to water within outer parts of the ensemble (the 
heat pipe effect).17 In addition, wetting of the clothing and the 
surrounding insulation material will reduce its ability to retain 
air, thereby reducing thermal resistance and increasing heat loss 
due to wet conduction within the insulation ensemble.18,19

The thermal and evaporative resistance of an insulation 
ensemble, and thus dry and wet heat loss in a given ambient 
condition, can be determined using full-size thermal manikins 
in climatic chambers.20–23 Results from such manikin measure-
ments have shown good reproducibility and agreement with 
human wear trials, and the values obtained can be used in physi-
ological models for prediction of required insulation in different 
ambient conditions.24–27

If the patient is wet, most prehospital guidelines on protec-
tion against cold recommend the removal of wet clothing prior 
to insulation, and some also recommend the use of a waterproof 
vapor barrier between the patient and the insulation in order to 
reduce evaporative heat loss.2,28–31 In the field, however, the 
ability to remove wet clothing might be impeded due to harsh 
environmental conditions or the patient’s condition and inju-
ries. Also, encapsulation in a vapor barrier might restrict nec-
essary access and monitoring of the patient during transport.

Previous studies on evaporative heat loss have focused 
on evaporative resistance in different clothing ensembles or 
sleeping bags in regards to the outer cover being permeable or 
impermeable.17,32–34 However, no scientific studies have spe-
cifically evaluated the effectiveness of wet clothing removal or 
the addition of a vapor barrier as an inner layer under different 
levels of insulation.

Simulating a prehospital rescue scenario by using a thermal 
manikin in wet clothing, this study was conducted to deter-
mine the effect on thermal insulation and evaporative heat 



Henriksson, Lundgren, Kuklane, et al 3

December 2011  Prehospital and Disaster Medicine

loss will differ due to different water vapor pressure and dew 
point location in clothing and insulation layers at different tem-
peratures. Thus, wet heat loss needs to be determined for each 
specific ambient temperature. All test conditions were repeated 
and evaluated twice for each level of insulation in a randomized 
order, resulting in a total of 42 scheduled trials.

Prior to and between the trials, manikin clothing and insu-
lation materials were kept dry and at room temperature. Each 
trial then began with the supine manikin being dressed in dry, 
wet or no clothing according to the protocol. The wet clothing 
was provided by a standardized rinsing program using an indus-
trial washing machine. If assigned, the vapor barrier sack was 
then pulled over the manikin from the feet up and tightly folded 
around the neck. Finally, the assigned numbers of woolen blan-
kets were applied on top of the manikin from the neck down, 
and separately folded tightly under and in between the manikin 
and the spine board.

Manikin surface temperature, heat loss, and ambient air tem-
perature were then continuously recorded for approximately 60 
minutes until steady state thermal transfer had been established 
and stable for 20 minutes. In wet conditions, evaporation was 
monitored by manikin surface and ambient air humidity together 
with continuous weighing (0.1 Hz) of the whole setup.

Data Analysis
Continuous monitoring of area-weighted heat f lux recordings 
and the gradient between ambient air and manikin surface tem-
perature (°C) during the last 10 minutes of steady state heat and 
mass transfer were used to determine total heat loss, Qtot (W/
m2), and thermal resistance, Rt (m2°C/W), for the different 
conditions (calculated using the parallel method).22 In dry con-
ditions, there is no wet heat loss and thus total heat loss equals 
dry heat loss, Qdry (W/m2). From the known thermal resistance 
in cold conditions, dry heat loss for the same level of insula-
tion in warm conditions was calculated. Wet heat loss, Qwet (W/
m2), was determined as the difference between total heat loss in 
wet and dry conditions. The proportion of wet heat loss due to 
real evaporation, Qevap (W/m2), was calculated from the mass 
loss rate (g/m2*s) at steady state and the enthalpy of evapora-
tion (J/g), enabling the calculation of wet heat loss due to the 
heat pipe effect, Qheatpipe (W/m2); i.e., evaporation and conden-
sation within the ensemble, where Qtot=Qdry+Qwet=Qdry+Qevap
+Qheatpipe.

17

After each set of repeated trials, the thermal resistance varia-
tion coefficient (standard deviation/average thermal resistance) 
was analyzed and the trials repeated for values exceeding five 
percent.24 Results are reported as mean ± standard deviation 
(SD), and thermal resistance is converted to clo units (1 clo = 
0.155 m2°C/W).

Results
After initial trials and protocol adjustments, a total of 42 tri-
als were scheduled. Of these, three trials were repeated due to 
exceeded thermal resistance variation coefficient limits, result-
ing in a total of 45 conducted trials. The average thermal resis-
tance variation coefficient was 1.8±1.0% for the accepted set of 
repeated trials. Ambient air temperature was -15.4±0.4 °C in 
the cold conditions and +11.0±0.1 °C in the warm conditions. 
Average wind speed was 0.22±0.07 meters per second (m/s) for 
all conditions. Manikin clothing dry weight was 615 g. In wet 

conditions, the water content in the underwear at the beginning 
of each trial was 1,418±20 g.

Cold Environment
In the cold environment, depending on insulation thickness, 
wet heat loss accounted for 29–35% of total heat loss prior to 
wet clothing removal or the addition of the vapor barrier. 
Approximately half of this loss was due to real evaporation, and 
half was due to evaporation and condensation within the ensem-
ble (Table 1, Figure 1).

With the vapor barrier applied, dry heat loss decrease was 
1–7%, the effect being more pronounced with less insulation. 
However, independent of insulation thickness, the addition of 
the vapor barrier significantly reduced wet heat loss, and thus 
rendered a total heat loss reduction of 19–31% compared to no 
intervention in wet conditions.

With the wet clothing removed, dry heat loss increased 
8–19%, the effect being more pronounced with less insulation. 
However, independent of insulation thickness, wet clothing 
removal and thus wet heat loss elimination, still rendered a total 
heat loss reduction of 22–29% compared to no intervention in 
wet conditions.

Increasing the insulation from one to two or from two to 
seven woolen blankets, without wet clothing removal or the 
addition of a vapor barrier, rendered a total heat loss reduction of 
26% and 40%, respectively.

Warm Environment
In the warm environment, depending on insulation thickness, 
wet heat loss accounted for 41–43% of total heat loss prior to wet 
clothing removal or the addition of the vapor barrier; the pro-
portion of real evaporation increased from approximately one-
third with high insulation to two thirds of wet heat loss with low 
insulation (Table 1, Figure 2).

With the vapor barrier applied, dry heat loss decrease was 
2–8%, the effect being more pronounced with less insulation. 
However, independent of insulation thickness, the addition of 
the vapor barrier significantly reduced wet heat loss and ren-
dered a total heat loss reduction of 27–42% compared to no 
intervention in wet conditions.

With the wet clothing removed, dry heat loss increased 
7–15%, the effect being more pronounced with less insulation. 
However, independent of insulation thickness, wet clothing 
removal and thus wet heat loss elimination, still rendered a total 
heat loss reduction of 34–38% compared to no intervention in 
wet conditions.

Increasing the insulation from one to two or from two to 
seven woolen blankets, without wet clothing removal or the 
addition of a vapor barrier, rendered a total heat loss reduction of 
26% and 37%, respectively.

Discussion
Overview
Independent of insulation thickness, wet heat loss accounted 
for about one-third of total heat loss in the cold environment, 
and almost half of total heat loss in the warm environment. 
Independent of insulation thickness, the removal of wet clothing 
or the addition of a vapor barrier rendered a reduction in total 
heat loss of about one fourth in the cold environment and about 
one third in the warm environment. A similar reduction in total 
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heat loss, the addition of the vapor barrier resulted in a signifi-
cant decrease in total heat loss.

Although wet, clothing still adds some thermal resistance 
to the ensemble. Thus, when the wet clothing was removed, 
dry heat loss was slightly increased, with the effect being more 
pronounced in the cold environment and with fewer blankets 
applied. However, independent of insulation thickness or ambi-
ent temperature, when the wet clothing was removed, wet heat 
loss was eliminated, rendering a significant decrease in total 
heat loss.

Independent of ambient temperature, increasing the insulation 
from one to two blankets or from two to seven blankets rendered 
a decrease in total heat loss comparable to wet clothing removal or 
addition of the vapor barrier by increasing both thermal and evap-
orative resistance, thus decreasing both dry and wet heat loss.

Practical Implications
In the prehospital care of a cold and wet person, early applica-
tion of adequate insulation is of utmost importance to reduce 
cold stress, limit body core cooling and prevent deterioration 
of the patient’s condition.15,16 Most prehospital guidelines on 
protection against cold recommend the removal of wet cloth-
ing prior to insulation; some also recommend the use of a vapor 

Condition Thermal insulation Heat loss

Tamb
a (°C) No.

Blankets 
Under-
wear

Vapour
barrier IT

b (clo) Total
(W/m2)

Dry
(W/m2)

Wet
(W/m2))

Evapc

(W/m2)
Heatpd

(W/m2)

−15.4 

1

Wet No 1.84±0.04 158±3 103±3 55±0 26±4 29±4

Wet Yes 2.67±0.02 110±2 96±1 14±1 5±4 9±4

No No 2.41±0.03 123±1 123±1 – – –

2

Wet No 2.52±0.01 117±0 77±1 40±1 15±0 25±1

Wet Yes 3.51±0.06 85±1 73±1 12±1 5±1 7±0

No No 3.52±0.04 84±1 84±1 – – –

7

Wet No 4.20±0.10 70±1 50±1 20±0 9±2 12±2

Wet Yes 5.16±0.06 57±1 50±1 7±1 5±1 3±1

No No 5.47±0.05 54±0 54±0 – – –

+11.0

1

Wet No 1.59±0.01 77±0 44±1 33±1 23±1 10±3

Wet Yes 2.73±0.05 45±1 41±1 5±2 2±3 3±1

No No 2.41±0.03 51±1 51±1 – – –

2

Wet No 2.17±0.06 57±2 33±1 24±3 14±2 11±1

Wet Yes 3.74±0.05 33±0 31±0 2±0 1±1 2±1

No No 3.52±0.04 35±0 35±0 – – –

7

Wet No 3.47±0.10 36±1 21±0 15±1 6±4 9±4

Wet Yes 4.75±0.21 26±1 21±1 6±2 0±0 6±2

No No 5.47±0.05 23±1 23±1 – – –
Henriksson © 2012 Prehospital and Disaster Medicine

Table 1— Th ermal insulation and heat loss with or without wet clothing removal or the addition of a vapour barrier within 
diff erent levels of insulation in cold (-15.4±0.4°C) and warm (+11.0±0.1°C) conditions (Values are mean ± SD, each based on 
two repeated measures on a thermal manikin.20)
aAmbient temperature (°C).
bTotal resultant thermal insulation in clo-units (1 clo = 0.155 m2°C/W).
cWet heat loss due to evaporation from the ensemble to the ambient environment.
dWet heat loss due to evaporation and condensation (heatpipe) within the ensemble.

heat loss was also achieved in both warm and cold conditions by 
increasing the insulation from one to two blankets or from two 
to seven blankets.

Possible Mechanisms for Results
At the same level of insulation, both dry and wet heat loss were 
greater in the cold environment than in the warm environment. 
Although heat loss from real evaporation through the insula-
tion to the environment was about the same for a given amount 
of insulation regardless of ambient temperature, in the cold 
environment there was a substantial increase in wet heat loss 
due to evaporation and condensation within the ensemble, and 
increased conduction through layers. The proportion of wet heat 
loss to total heat loss was lower in the cold environment due to 
greater dry heat loss being present. This explains why wet cloth-
ing removal or the addition of a vapor barrier rendered relatively 
greater heat loss reductions in the warm environment. However, 
the absolute heat loss reduction was more pronounced with less 
insulation available, and greater in the cold environment.

Independent of insulation thickness or ambient temperature, 
the vapor barrier rendered only minimal increase in thermal 
resistance and thus dry heat loss reduction was small. However, 
by increasing the evaporative resistance and limiting evaporative 



Henriksson, Lundgren, Kuklane, et al 5

December 2011  Prehospital and Disaster Medicine

References

1. Danzl DF: Accidental Hypothermia. In: Auerbach PS (ed), Wilderness Medicine. 

5th ed. Philadelphia: Mosby Elsevier, 2007, pp 125–159.

2. The National Board of Health and Welfare (Socialstyrelsen), Hypothermia: Cold 

Injuries and Cold Water Near Drowning. 2nd ed. Stockholm: The National Board of 

Health and Welfare (Socialstyrelsen), 2002.

3. Tisherman SA: Hypothermia, Cold injury and Drowning. In: Peitzman AB (ed), 

The Trauma Manual. 2nd ed. Philadelphia: Lippincott Williams & Wilkins, 2002, 

pp 404–410.

barrier to reduce evaporative heat loss.2, 28–31 However, there is 
little scientific evidence of the effectiveness of these measures.

Using a thermal manikin, this study evaluates the effect 
of wet clothing removal or the addition of a vapor barrier in 
addition to different levels of insulation in warm and cold 
environments. The results indicate that, independent of ambi-
ent temperature or insulation thickness, wet clothing removal 
or the addition of a vapor barrier can reduce total heat loss by 
approximately one-fourth to one-third. The absolute reduction 
is greater, however, and thus clinically more important, in lower 
ambient temperatures when little insulation is available. The 
same effect also can be achieved by increasing the insulation 
applied. Depending on the ambient temperature, different lev-
els of insulation thickness are required to maintain thermoneu-
trality.26 In a warm environment, this can be achieved using 
only a few blankets, whereas in a cold environment, several 
more blankets or thick rescue bags will be needed to limit heat 
loss and prevent body core cooling. Thus, if the patient can be 
transferred readily into a warm environment, such as a heated 
transportation unit, sufficient insulation is easy to achieve, and 
the need for wet clothing removal or the addition of a vapor bar-
rier is limited. However, in a sustained cold environment with 
limited insulation available, such as in protracted evacuations 
or mass casualty situations in harsh conditions, the removal of 
wet clothing or the addition of a vapor barrier might be of great 

importance to reduce heat loss and improve both the thermal 
comfort and the medical condition of the patient upon admis-
sion to the Emergency Department.

Limitations and Future Research
This study provides thermo-physical data on how dry and wet 
heat losses are affected by wet clothing removal or the addition of 
a vapor barrier. The results may serve as an indicator of whether 
these measures should be considered in a prehospital rescue sce-
nario. However, these results should be validated in human tri-
als to correlate the effect of evaporative heat loss reduction to 
human thermoregulation and comfort.

Conclusions
Independent of ambient temperature or insulation applied, 
wet clothing removal or the addition of a vapor barrier sub-
stantially reduced total heat loss. The absolute reduction is 
greater, and thus clinically more important, in lower ambi-
ent temperatures when little insulation is available. However, 
the same effect was also achieved by increasing the insula-
tion. Wet clothing removal or the addition of a vapor barrier 
might be of great importance in prehospital rescue scenarios 
in cold environments with limited insulation available, such as 
in mass-casualty situations or during protracted evacuations 
in harsh conditions.

4. Hassi J, Mäkinen T, Holmér I, et al (eds): Handbok för kallt arbete (Handbook for 

Cold Work). Stockholm: Arbetslivsinstitutet, 2002.

5. Holmér I: Protection Against Cold. In: Shishoo R, Textiles in Sport. Cambridge: 

Woodhead Publishing Limited, 2005, pp 262–286.

6. Robinson S, Benton, G: Warmed blankets: an intervention to promote comfort to 

elderly hospitalized patients. Geriatr Nurs 2002;23:320–323.

7. Lundgren P, Henriksson O, et al: The effect of active warming in prehospital 

trauma care during road and air ambulance transportation – A clinical randomized 

trial. Scand J Trauma Resusc Emerg Med 2011; In press.

Henriksson © 2012 Prehospital and Disaster Medicine

Figure 1—Heat loss (W/m2) in cold conditions (-15.4±0.4°C); 
wet clothing, wet clothing with a vapor barrier or wet clothing 
removed within one, two or seven woolen blankets

Henriksson © 2012 Prehospital and Disaster Medicine

Figure 2—Heat loss (W/m2) in warm conditions (+11.0±0.1°C); 
wet clothing, wet clothing with a vapour barrier or wet clothing 
removed within one, two or seven woolen blankets



6 Evaporative Heat Loss Reduction in Prehospital Care

Prehospital and Disaster Medicine  Vol. 26, No. 6

23. ASTM F 2370. Standard Test Method for Measuring the Evaporative Resistance 

of Clothing Using a Sweating Manikin. American Society for Testing and 

Materials, USA, 2010.

24. Anttonen H, Niskanen J, Meinander H, et al: Thermal manikin measurements – 

Exact or not (Subzero project)? Int J Occup Saf Ergon 2004;10(3):291–300.

25. Meinander H, Anttonen H, Bartels V, et al: Manikin measurements versus 

wear trials of cold protective clothing (Subzero project). Eur J Appl Physiol 

2004;92(6):619–621.

26. EN ISO 11079:2007. Ergonomics of the thermal environment - Determination 

and interpretation of cold stress when using required clothing insulation (IREQ ) 

and local cooling effects. Geneva: International Standards Organization.

27. Kuklane K, Gao C, Holmér I, et al: Calculation of clothing insulation by serial and 

parallel methods: effects on clothing choice by IREQ and thermal responses in the 

cold. Int J Occup Saf Ergon 2007;13(2):103–116.

28. Durrer B, Brugger H, Syme D: The Medical On Site Treatment of Hypothermia. 

In: Elsensohn F (ed), Consensus Guidelines on Mountain Emergency Medicine and 

Risk Reduction. 1st ed. Lecco, Italy: Casa Editrice Stefanoni, 2001, pp 71–75.

29. State of Alaska: Cold injuries guidelines. Available at: http://www.chems.alaska.

gov/EMS/documents/AKColdInj2005.pdf. Accessed 27 August 2011.

30. Auerbach PS, Donner HJ, Weiss EA: Field Guide to Wilderness Medicine. 3rd ed. 

Philadelphia: Mosby; 2008, pp 25–33.

31. Johnson C, Anderson SR, Dallimore J, et al: Oxford Handbook of Expedition and 

Wilderness Medicine. Oxford: OUP Oxford, 2008, pp 596–599.

32. Lotens WA, Havenith G, van de Linde FJG: Effects of condensation in clothing 

on heat transfer. Ergonomics 1995;38:1114–1131.

33. Havenith G, den Hartog E, Heus R: Moisture accumulation in sleeping bags at 

-7 degrees C and -20 degrees C in relation to cover material and method of use. 

Ergonomics 2004; 47(13):1424–1431.

34. Wang F, Kuklane K, Gao C, et al: A study on evaporative resistances of two skins 

designed for thermal manikin Tore under different environmental conditions. J 

Fiber Bioeng Inform 2009;1:301–306.

35. Kuklane K, Heidmets S, Johansson T: Improving thermal comfort in an 

orthopaedic aid: better Boston Brace for scoliosis patients. Paper presented at: 

The 6th International Thermal Manikin and Modelling Meeting (6I3M), 16–18 

October 2006, The Hong Kong Polytechnic University, Hong Kong SAR.

36. Henriksson O, Lundgren JP, Kuklane K, et al: Protection against cold in 

prehospital care – Thermal insulation properties of blankets and rescue bags in 

different wind conditions. Prehosp Disaster Med 2009;24(5):408–415.

8. Gentilello LM, Jurkovich GJ, Stark MS, et al: Is hypothermia in the victim of 

major trauma protective or harmful? A randomized, prospective study. Ann Surg 

1997;226(4):439–447.

9. Tisherman S.A: Hypothermia and injury. Curr Opin Crit Care 2004;10:512–519.

10. Wang HE, Callaway CW, Peitzman AB, et al: Admission hypothermia and 

outcome after major trauma. Critical Care Medicine 2005;33(6):1296–1301.

11. Shafi S, Elliott AC, Gentilello L: Is hypothermia simply a marker of shock and 

injury severity or an independent risk factor for mortality in trauma patients? 

Analysis of a large national trauma registry. J Trauma 2005;59(5):1081–1085.

12. Martin RS, Kilgo PD, Miller PR, et al: Injury associated hypothermia: an analysis 

of the 2004 National Trauma Data Bank. Shock 2005;24(2):114–118.

13. Beilman GJ, Blondet JJ, Nelson TR, et al: Early hypothermia in severely injured 

trauma patients is a significant risk factor for multiple organ dysfunction syndrome 

but not mortality. Ann Surg 2009;249(5):845–850.

14. Ireland S, Endacott R, Cameron P, et al: The incidence and significance of 

accidental hypothermia in major trauma – A prospective observational study. 

Resuscitation 2011;82(3):300–306.

15. Mills WJ: Field care of the hypothermic patient. Int J Sports Med 1992;13 Suppl 

1:S199–202.

16. Giesbrecht GG (ed): Hypothermia, Frostbite and Other Cold Injuries: Prevention, 

Survival, Rescue and Treatment. 2d ed. Seattle, WA: Mountaineers Books, 2006.

17. Haventih G, Richards MG, Wang X, et al: Apparent latent heat of evaporation from 

clothing: attenuation and “heat pipe” effects. J Appl Physiol 2008;104(1):142–149.

18. Meinander H: Inf luence of sweating and ambient temperature on the thermal 

properties of clothing. Paper presented at: Fifth International Symposium on 

Performance of Protective Clothing Improvement through Innovation; 25–27 

January 1994; San Francisco, California, USA.

19. Meinander H: Thermal insulation measurements of cold protective clothing using 

thermal manikins. SUBZERO project, final report. Tampere, Finland: Fibre 

Materials Science, Tampere University of Technology; 2003. Report No. 4:2003.

20. EN 13537:2002. Requirements for sleeping bags. Brussels: European Committee 

for Standardization.

21. EN ISO 9920:2003. Ergonomics of the thermal environment - Estimation of 

thermal insulation and water vapor resistance of a clothing ensemble. Geneva: 

International Standards Organization.

22. EN ISO 15831:2004. Clothing - Physiological effects - Measurement of thermal 

insulation by means of a thermal manikin. Geneva: International Standards 

Organization.


