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ABSTRACT
Background Hypothermia is an independent predictor
of increased morbidity and mortality in patients with
trauma. Several strategies and products have been
developed to minimise patients’ heat loss in the
prehospital arena, but there is little evidence to inform
the clinician concerning their effectiveness.
Methods We used a human torso model consisting of
two 5.5-litre fluid bags to simultaneously compare four
passive (space blanket, bubble wrap, Blizzard blanket,
ambulance blanket) and one active (Ready-Heat II
blanket) temperature preservation products. A torso
model without any temperature preservation device
provided a control. For each test, the torso models were
warmed to 37°C and left outdoors. Core temperatures
were recorded every 10 min for 1 h in total; tests were
repeated 10 times.
Results A significant difference in temperature was
detected among groups at 30 and 60 min (F (1.29, 10.30)
=103.58, p<0.001 and F (1.64, 14.78)=163.28,
p<0.001, respectively). Mean temperature reductions (95%
CI) after 1 h of environmental exposure were the following:
11.6 (10.3 to 12.9) °C in control group, 4.5 (3.9 to 5.1) °
C in space blanket group, 3.6 (3 to 4.3) °C in bubble-wrap
group, 2.1 (1.7 to 2.5) °C in Blizzard blanket group, 6.1
(5.8 to 6.5) °C in ambulance blanket group and 1.1 (0.7
to 1.6) °C in Ready-Heat II blanket group.
Conclusions In this study, using a torso model based on
two 5 L dialysate bags we found the Ready-Heat II heating
blanket and Blizzard blanket were associated with lower
rates of heat loss after 60 min environmental exposure
than the other devices tested.

INTRODUCTION
Hypothermia, defined as a core temperature
below 35°C,1 is known to have several detrimen-
tal effects on human physiology including
cardiac, pulmonary, neurological and haemostatic
systems.2 Hypothermia has been associated with
increased morbidity and mortality in patients
with trauma,1 3–5 and together with acidosis and
coagulopathy it represents the ‘lethal triad’ of
trauma.6 Cold is also an unpleasant sensation for
our patients. Therefore, hypothermia prevention
is an important part of the prehospital care pro-
vided to injured patients. While most trauma
victims are vulnerable to hypothermia anaesthe-
tised patients are particularly at risk as a conse-
quence of anaesthesia-related impairment of
thermoregulation.7

A range of products have been developed to
reduce heat loss and/or actively warm patients in

the prehospital environment. Active external
systems generate heat that is directly transferred to
the patient while passive systems insulate the
patient, avoiding body heat dispersion. These can
be combined to maximise effects. Studies to
compare different strategies and devices are incon-
clusive, with no consensus on which to apply.8–12

We set out to develop a model to compare the
different hypothermia prevention systems currently
available for use in a Helicopter Emergency
Medical Services (HEMS) system.

MATERIALS AND METHODS
We developed a human torso model consisting of
two 5.5 L bags of Diasol 7081 (Baxter, Zurich,
Switzerland) dialysate solution. An indwelling ther-
mistor probe (AccuPRO, PROACT Medical, Corby,
UK) was placed between the two bags, and the
model was bound together with tape. The models
were placed in a calibrated warming cabinet (mod
W330, LEEC, Nottingham, UK) set to a tempera-
ture of 37°C. The study was conducted at an
HEMS base in a UK airfield. The temperatures
used in this study, therefore, reflect those in which
we, and most UK retrieval services, treat and
retrieve patients in the UK winter. As such we
regard temperature management as part of our
active treatment for both patient comfort and
homeostasis.

Key messages

What is already known on this subject?
Heat loss is common in the prehospital
environment. Hypothermia is unpleasant for
patients and may be associated with increased
mortality and morbidity. There are several
mechanisms and devices to conserve temperature.
There is a paucity of data to guide clinicians in
their choice of strategy.

What might this study add?
In this torso model, we demonstrated that the
passive Blizzard blanket system and Ready-Heat II
active rewarming blanket system were associated
with significantly higher torso model temperatures
after 1 h environmental exposure compared with
bubble-wrap thermal bag system, the space
blanket or polyester ambulance blanket. No
devices prevented heat loss or increased the torso
temperature at 30 or 60 min.
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For each test, six human torso models were simultaneously
removed from the warming cabinet, and in five one of the heat
preservation systems under investigation was applied. In one
model (control group), no heat preservation system was used.
The six torso models were assumed to be equivalent and were
randomly allocated to the different devices at each
measurement.

The following products were tested: Ready-Heat II active
rewarming blanket (TechTrade, New York, USA), Blizzard EMS
blanket (Blizzard Protection Systems, Gwynedd, UK), bubble-
wrap thermal bag (mod LS 3010, Less AS, Kapp, Norway),
space blanket (Farmac-Zabban SpA, Calderara di Reno BO,
Italy) and the fire-retardant polyester ambulance blanket
(Thomas Kneale, Manchester, UK).

Each torso model was wrapped with one layer of the desig-
nated test system, as per the manufacturer’s guidance. The
Ready-Heat II blanket was opened 20 min before starting the
study and agitated to allow chemical activation and heat produc-
tion. A layer of cotton sheet was interposed between the
Ready-Heat II warming blanket and the torso model, in accord-
ance with clinical practice to avoid skin burns.

Once prepared, all torso models (including the control) were
simultaneously moved outside and placed on three plastic ortho-
paedic transport stretchers (Scoop 65 EXL, Ferno-Washington,
Wilmington, USA) previously positioned on the ground. These
orthopaedic stretchers were placed outside on the airfield 5 min
before the start of the test, 10 m apart and perpendicular to the
wind direction (as determined by the airfield windsock). Each
stretcher carried two study models, placed 20 cm apart. All
model torsos, therefore, had consistent wind exposure.

Temperature changes were recorded using a monitor (Argus
PRO Lifecare 2, Schiller AG, Baar, Switzerland) connected to
each indwelling thermistor probe. Five seconds were allowed
for calibration and the temperature recorded, then the probe
was disconnected and moved to the next model.

For each test session, temperatures were checked every
10 min for 1 h. The study was performed on 10 separate days.

The sequence in which the study heat preservation systems
were applied to the torso models and temperatures measured
were different for each study day. This was predetermined by
using a random sequence generator (Random Sequence
Generator, available at http://random.org/sequences/; last
accessed 15 Feb 2013).

Temperature, humidity and wind speed were recorded from
airport air traffic control.

In order to avoid observer bias, the investigator responsible
for statistical analysis was neither involved in data collection,
nor aware of group assignment.

Statistical analysis
The primary endpoint of the study was to compare tempera-
tures among tested models after 60 min of environmental
exposure; temperature comparison after 30 min was set as a sec-
ondary endpoint. Temperatures were compared using a one-way
analysis of variance test, with post hoc Bonferroni comparisons
to analyse between-groups differences. A p value ≤0.05 was
considered significant. Both at 30 and 60 min 15 post hoc com-
parisons were performed, and an adjusted p value was reported;
again, a p value ≤0.05 was considered significant. The statistical
software automatically reported adjusted p values (multiplying
the p value by the number of tests). Data are presented as mean
values (±SD), unless otherwise specified. The software SPSS
(IBM SPSS Statistics V.20; Armonk, USA) was used to perform
statistical analyses.

RESULTS
The study environmental conditions during the study period are
described in table 1. The temperatures of each torso model are
displayed in figure 1.

Significant differences in temperatures were detected among
groups both after 30 and 60 min of environmental exposure
(p<0.001 and p<0.001, respectively).

Comparison between groups at 30 and 60 min are shown in
table 2. At both time points, all heat preservation systems tested
resulted in a higher mean torso model temperature than the
control torso model (all p≤0.003). The statistical analysis is
reported in table 2.

At 30 min, the Ready-Heat II active heating system was asso-
ciated with significantly less heat loss than all other tested
devices and in the first 10 min the torso model temperature
increased (figure 2).

At 60 min, the Ready-Heat II heating blanket (an active
system) and Blizzard blanket (passive system) demonstrated the
lowest heat loss and highest temperatures in the torso models.
There was no statistical difference in the performance of these
two devices (p=0.250) and both were significantly better than
the other systems tested (figure 3).

Figure 1 The rate of temperature loss for each device over 60 min.
Data presented as mean values (±SD).

Table 1 Environmental conditions during test sessions (initial and
final values)

T (°C) H (%) WS (knots)

Time 0 Time 60 Time 0 Time 60 Time 0 Time 60

Test 1 4 4 82 75 10 7
Test 2 5 5 74 74 10 10
Test 3 0 1 80 86 12 8
Test 4 0 0 100 100 3 3
Test 5 2 2 96 95 1 1
Test 6 2 1 95 98 1 1
Test 7 −3 −3 100 100 0 1
Test 8 −3 −3 100 100 1 1
Test 9 2 3 77 77 3 4
Test 10 2 4 77 74 4 4

H, humidity; T, temperature; WS, wind speed.
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DISCUSSION
In this study, none of the heat preservation devices were able to
prevent heat loss from the torso model; however, all were
effective in reducing the degree of heat loss compared with the
control. The Ready-Heat II heating blanket (active rewarming
system) and the Blizzard blanket (passive system) preserved tem-
perature significantly more efficient than the other systems
studied with no statistical difference between the torso model
temperatures at 60 min. The Ready-Heat II heating blanket was
associated with an increase in temperature of the torso model in
the initial 10 min of the study. It also resulted in a significantly
higher temperature than all devices, including the Blizzard
blanket, at 30 min. The difference in measured torso tempera-
tures increased with time suggesting that more efficient heat
preservation systems are increasingly effective with increasing
on-scene times. In the UK these most commonly range 30–
60 min (audit data from our services).

Maintenance of body temperature is important for both
trauma victims’ comfort and homeostasis, with hypothermia
associated with poor outcomes in many studies.1 3–5 However,
in a recent prognostic modelling study hypothermia was not
identified as an independent predictor of death.13 However,
hypothermia was found to be a predictor of haemorrhage and
coagulopathy. This retrospective study was limited by incom-
plete data.

In a study similar to ours Allen et al9 used nine 5-litre dialys-
ate solution heated bags to replicate a human torso, which was
wrapped in different heat preservation devices and then placed
in a room with a temperature between 22.3°C and 22.7°C. The
authors reported the most effective heat preservation system
was a combination of an active and a passive device
(Hypothermia Prevention and Management Kit), with active
systems alone performing better than passive ones alone.
However, some passive systems (Hot Pocket and Blizzard
blanket) performed similarly to two active heating systems at
120 min exposure. This study was performed at room tempera-
ture, which is not representative of the prehospital environment
both in terms of ambient temperature and wind. Hence, our
study exposed the torso models to temperatures from −3°C to
+5°C.

However, in contrast to the Allen study, Lundgren et al10

failed to detect any superiority of an active/passive combined
system over a passive system alone. In their randomised clinical
trial, Lundgren et al examined the benefit of warming systems
by adding a chemical heat pad to a blanket. The authors
recruited 48 patients with trauma transported to the hospital by
helicopter or ambulance, with air temperature set to 25°C in the
transportation unit. Study results showed that additional active
warming did not significantly improve core temperature.
However, patients with an altered initial level of consciousness
were not enrolled, and mean Revised Trauma Score14 for the
study population was relatively high: 7.83 (7.55–7.84).
Therefore, study results may only be applied to less severely
injured, spontaneously ventilating patients, with preserved shi-
vering capacity.

Consistent with results presented by Lundgren et al,
Johnson et al11 did not find a significant difference between
the use of a passive preventive system alone and its association
with active thermal inserts. This study used a porcine model;
animals were anaesthetised, haemorrhaged and moved to a cooler
(set at 10°C) to simulate a cold environment. Heat prevention
was performed with the HEET garment (Trident Industries,

Table 2 Comparison of temperatures of torso models after 30 and
60 min of environmental exposure

T at
30 min
(°C)

Adjusted
p value
<0.05

T at
60 min
(°C)

Adjusted
p value
<0.05

Heating blanket 36.7±0.2 Blizzard
Bubble
Space
Ambulance

35.9±0.7 Bubble
Space
Ambulance

Blizzard blanket 36.0±0.4 Heating
Space
Ambulance

34.9±0.6 Bubble
Space
Ambulance

Bubble wrap 35.3±0.5 Heating
Space
Ambulance

33.4±0.9 Heating
Blizzard
Ambulance

Space blanket 34.7±0.4 Heating
Blizzard
Bubble
Ambulance

32.5±0.8 Heating
Blizzard
Ambulance

Ambulance blanket 33.9±0.4 Heating
Blizzard
Bubble
Space

30.9±0.4 Heating
Blizzard
Bubble
Space

Control* 30.5±1.4 All 25.4±1.8 All

Data presented as mean values (±SD).
Heating refers to heating blanket, Blizzard to Blizzard blanket, space to space blanket,
bubble to bubble wrap and ambulance to ambulance blanket.
*All models tested were significantly different from control.

Figure 2 Visual comparison of the mean loss of temperature (95% CI) after 30 min.
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Beaufort, USA), a multilayer passive system designed to prevent
heat convection, conduction, evaporation and radiation. The
HEET garment was used alone or in combination with air acti-
vated heat packs and a control group was covered with two wool
blankets. Core body temperatures were recorded every hour over
6 h. None of the study devices was effective in preventing hypo-
thermia, but the control group was the most effective method in
slowing the onset of hypothermia. No statistical differences were
found between the use of a HEET garment alone and in combin-
ation with thermal inserts, and final authors’ recommendation
was not to use HEET garments to prevent or treat hypothermia
in operational environments.

Resistive rewarming in the prehospital environment was
studied by Kober et al12 in patients with minor trauma, most of
whom were mildly hypothermic. All enrolled patients were
covered with a resistive heating blanket and a wool blanket at
the scene of injury, but only half of them had the resistive
blanket activated. The resistive system was able to increase body
temperatures by 0.8°C, while in the passive rewarming group
temperature decreased by 0.4°C (p<0.001). A limitation of this
study was that only minor trauma victims were enrolled, so the
efficiency in sicker or ventilated patients without the capacity to
shiver is not known.

Finally, Thomassen et al8 compared three different
passive systems (ambulance blanket, bubble wrap and Hibler’s
method—a combination of tight layer and dry insulating layer) on
healthy volunteers. The study population was dressed in wet
clothes, and placed in a cold climatic chamber at 3°C and 3 m/s
wind. Core temperatures were not significantly different among
study groups, although skin temperature was significantly higher in
Hibler’s method group and metabolic heat production was higher
with bubble wrap. The authors’ conclusion was that Hibler’s
method is an effective and simple way to prevent heat loss, and
therefore should be the method of choice when wrapping wet
patients in prehospital environments. However, the study enrolled
healthy volunteers, and therefore the results may not be predictive
of real case scenarios involving severely injured patients.

Limitations
Our study has some clear limitations. As per Allen et al study,8

findings may not be extrapolated to human beings, as the model
did not reproduce human metabolic basal activity and hypother-
mic physiological responses. The specific heat capacity of the
human body is around 3470 J/kgK while that of water is around
4186 J/kgK, thus the torso models would cool more slowly than

a human body, which may offset this issue to some degree. We
aimed to use large fluid-filled bags to get as close as possible to
human torso volume:body surface area and the dialysate bags
were the largest cost-effective model we could identify. However,
our study aimed to evaluate intrinsic properties of studied
devices, and describe their capacity to prevent heat loss and the
torso model ensured equal test conditions for each product.
Patients with major trauma often require prehospital anaesthesia;
in this group of patients physiological responses to heat loss are
often diminished due to the severity of injuries and response to
anaesthetic drugs so the torso model may apply more closely to
anaesthetised than spontaneously ventilating patients.7 15 Further
research using randomised clinical trials comparing studied
devices on patients with major trauma is required to identify the
best heat preservation strategy but informed consent would be
challenging and such studies expensive to perform.

In the present study, we did not compare all industry available
heat preservation devices and we did not include any combined
active/passive system.

CONCLUSIONS
In this study, using a torso model based on two 5 L dialysate bags
we found the Ready-Heat II heating blanket and Blizzard blanket
were associated with lower rates of heat loss after 60 min envir-
onmental exposure than the other devices tested. Following
30 min exposure the Ready-Heat II active heating system was
associated with significantly better temperature preservation.
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