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Study objective: To compare the rates of rewarming of forced- 
air and passive insulation as a treatment for accidental 
hypothermia. 

Methods: We carried out a prospective, randomized clinical 
trial in two urban, university-affiliated emergency departments. 
Our subjects were 16 adult hypothermia victims with core tem- 
peratures less than 32°0. A convective cover inflated with air at 
about 43°0 (forced-air group) or cotton blankets (control group) 
were applied until the patient's core temperature reached 35°C. 
Members of both groups were given IV fluids warmed to 38°C 
and warmed, humidified oxygen at 40°C by inhalation. 

Results: The mean+SD initial temperature was 28.8°_+2.5°0 
(range, 25.5°0 to 31.9°C) in the patients who underwent forced- 
air rewarming and 29.8°+1.5°0 (range, 28.2°C to 31.9°C) 
in those given blankets. Core temperature increased about 
1°C/hour faster in patients treated with forced-air rewarming 
(about 2.4°C/hour) than in patients given only cotton blankets 
(about 1.4°C/hour, P=.01 ). Core-temperature afterdrop was 
detected in neither group. 

Conclusion: Forced air accelerated the rate of rewarming 
without producing apparent complications in hypothermic 
patients. 

[Steele MT, Nelson M J, Sessler DI, Fraker L, Bunney B, Watson 
WA, Robinson WA: Forced air speeds rewarming in accidental 
hypothermia. Ann Emerg Med Apri11996;27:479-484.] 
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INTRODUCTION 
Hypothermia is defined as a core temperature less than 

35°C. Core temperatures greater than 32°C, however, are 
rarely associated with morbidity unrelated to underlying 
pathology and are considered mild hypothermia. In con- 
trast, lower temperatures are considered moderate to 
severe hypothermia because such temperatures can cause 
morbidity and mortality even in the absence of underlying 
pathology. 1 Moderate to severe hypothermia causes about 
600 deaths each year in the United States. 2,3 

Patients who present with hypothermia demonstrate • 
a range of core temperatures and physiologic states. 
Temperatures less than 28°C are often associated with 
myocardial fibrillation. Effective defibrillation is unlikely 
as long as hypothermia persists. 4 It is therefore critical 
to rewarm patients in cardiopulmonary arrest as rapidly 
as possible. In most cases, rapid internal warming such as 
that provided by peritoneal dialysis and femoral-femoral 
cardiopulmonary bypass is required. Both methods are 
highly effective 5,6 but require considerable technical skills 
and equipment to execute. Furthermore, both methods 
are associated with complications. Because of these tech- 
nical difficulties and associated complications, invasive 
rewarming methods are usually applied with some cau- 
tion, if at all, in nonsurgical hypothermia victims who are 
hemodynamically stable. 

Simple and relatively safe alternatives to invasive 
methods in patients not in cardiac arrest include passive 
and active external rewarming. Readily available options 
include passive insulation, respiratory gas heating and 
humidification, circulating-water, radiant heating, and 
forced air. Forced-air systems comprise disposable plastic 
and paper covers and a heat source that directs warm air 
across the skin, simultaneously providing convective heat 
transfer and shielding against radiant heat loss. Labora- 
tory r,8 and perioperative 9-1~ studies indicate that forced 
air transfers far more heat than other external methods. 
However, the capacity of even forced air to increase core 
temperature may be restricted by afterdrop (paradoxic 
core cooling during rewarming) 12'13 or thermoregulatory 
vasoconstriction, which decreases transfer of applied heat 
from peripheral to central tissues. 14 Core-rewarming 
rates in hypothermia victims therefore cannot be predicted 
from laboratory measurements of heat flux. Furthermore, 
laboratory investigations in healthy volunteers do not 
reflect the safety of the method under clinical conditions 
in critically ill patients. Accordingly, we tested the hy- 
pothesis that forced-air rewarming increases core temper- 
ature faster than passive insulation in hypothermia 
victims without cardiac arrest. 

MATERIALS AND METHODS 
The study protocol was approved by the University of 

Missouri-Kansas City Adult Health Sciences Institutional 
Review Board and by the Cook County Hospital Scientific 
Committee. Because of the nature of the study, informed 
consent was waived. 

Patients 18 years and older who presented to the emer- 
gency department of Truman Medical Center or Cook 
County Hospital between January 1,1991, and April 1, 
1993, with moderate to severe hypothermia were evalu- 
ated for study inclusion. Those who presented with car- 
diac arrest or a hypothalamic lesion potentially affecting 
the thermoregulatory center were excluded. The remain- 
ing patients were randomly assigned--with the use of a 
random-numbers table and a series of 20 sequentially 
numbered, sealed envelopes--to warming with passive 
insulation (cotton blankets) or forced air (Bair Hugger, 
Model 200; Augustine Medical, Incorporated). 

Each patient's clothing was removed before the appli- 
cation of blankets or forced air, and the head and neck 
were wrapped with warmed blankets. In the passive- 
insulation group, the remainder of the body was covered 
with two warmed standard cotton hospital blankets. 
Intermittent replacement of warmed blankets was not 
done because data indicate that warmed blankets do not 
substantially alter heat transfer compared with unwarmed 
blankets. 15 Each patient assigned to active warming was 
covered with a full-length disposable plastic and tissue- 
paper laminate formed into tubular channels. This cover, 
when inflated, arches over the patient's body, allowing 
warm air to flow through slits in the paper laminate 
directly onto the patient's skin. The cover was inflated 
by air at about 43°C provided by a 400-W heating ele- 
ment and a microprocessor-controlled thermostat. In 
accordance with the manufacturer's instructions, a single 
cotton blanket was placed over the forced-air warming 
cover. 

Patients were given peripheral IV fluids (5% dextrose 
in normal saline solution, or normal saline solution if the 
serum glucose was greater than 250 mg/dL) warmed to 
38°C. One liter was administered during the first hour; 
fluid was subsequently infused at a rate of 200 mL/hour. 
Fluid administration, however, was adjusted in accor- 
dance with clinical indications. For example, 250-mL 
fluid boluses were given when systolic blood pressure 
decreased to less than 90 mm Hg or urine output was less 
than 30 mlJhour. Conversely, the rate of fluid administra- 
tion was decreased when clinical signs of congestive heart 
failure were observed. 
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The need for endotracheal intubation was determined 
by the treating physician. When required, intubation was 
facilitated by administration of succinylcholine, 1.5 mg/kg. 
Agitation was controlled with 50-#g boluses of fentanyl. 
Inspired gases were warmed to 4-0°C in all patients. 

Tympanic membrane (core) and rectal temperatures 
were continuously monitored (Mon-a-Therm; Mallmckrodt 
Anesthesiology Products, Incorporated). Visual inspection 
with an otoscope confirmed that the ear canal was free of 
wax. The aural canal was occluded with cotton and the 
probe securely taped in place. The rectal probe was inserted 
10 cm past the anus. 

Vital signs, Glasgow Coma Scale score, and tempera- 
ture were recorded at 15-minute intervals. Laboratory and 
radiographic studies were performed at the discretion of 
the treating physician. The volumes of administered IV 
fluid and urine output were recorded hourly. The skin was 
examined every 130 minutes for signs of erythema in the 
forced-air group. Study was concluded when the patient's 
core temperature: reached 35°C. 

Morphometric characteristics, admission data, and fluid 
balance in the two groups were compared with the use of 
unpaired, two-tailed Student t tests. The rate of rewarming 
in each patient was determined with least-squares linear 
regression. Core-temperature changes and rewarming rates 
(slopes of the linear regressions) in patients assigned to 
forced-air rewarming and passive rewarming were also 
compared with the use of unpaired, two-tailed Student t 
tests. Results are presented as the mean~.+SD. We consid- 
ered differences statistically significant when P was less 
than .05. 

R E S U L T S  

Seventeen patients were initially enrolled in the study. 
However, one patient assigned to forced-air warming was 
withdrawn from the protocol when it was determined that 
he had panhypopituitarism. Among the remaining 16 
study patients, 5 were enrolled at Cook County Hospital 
and 11 at Truman Medical Center. Two of the patients 
assigned to forced-air rewarming and one given blankets 
were intubated. One of the patients rewarmed with forced 
air did not receive warmed oxygen by mask because of 
equipment problems. Because of technical difficulties, rec- 
tal temperature was substituted for tympanic membrane 
temperature in two patients. 

Morphometric characteristics and admission data were 
comparable in the two groups. Because of one patient with 
ketoacidosis, the administered IV fluid volume was greater 
(although not quite significantly so) in the treatment group 

(Table). Blood alcohol concentrations were obtained in 13 
patients (forced air, 6; blankets, 7). Alcohol was found in 
four forced-air patients (263_+181 mg/dL) and seven control 
patients (290_+152 mg/dL [P=.80]). One patient in the 
treatment group had a blood alcohol concentration of zero 
but a strong history of alcohol abuse, and a urine toxicology 
screen showed acetone and benzol alcohol. Urine toxicol- 
ogy screens (N=9) were positive for cocaine in two forced- 
air patients. One patient with known diabetes presented in 
diabetic ketoacidosis. Another, elderly patient was cachectic 
and presented in respiratory failure. Still another patient 
had multiple medical problems including anemia, hyper- 
tension, dementia, anemia, and chronic renal insufficiency 
All of these patients were in the forced-air group. 

The initial mean temperature of the study patients was 
28.8°C_+2.5°C (range, 25.5°C to 31.9°C) in the patients 
assigned to forced-air warming and 29.8°C+1.5°C (range, 
28.2°C to 31.9°C) in patients given only blankets (P=.34). 
Only one patient had a core temperature less than 26°C, 
and that patient was assigned to forced-air rewarming. 

None of the patients experienced core-temperature 
afterdrop. Core-rewarming rates were significantly 
faster in the patients assigned to forced-air rewarming 
(2.4°C_+l.0°C/hour) than in those given blankets 
(1.4°C_+.5°C/hour) (P=.01) (Figure). There was no 
apparent relationship between the rewarming rate 
and the patient's age, presenting temperature, degree 
of intoxication, or underlying disease state. Subanalysis 
of the data excluding the three intubated patients 

Table. 
Morphometrk characteristics, admission data, fluid balance, and 
core-rewarming rates. 

Blanket Forced-Air 
Characteristics Rewarming Rewarming 

Age (years) [mean+SD] 54+14 58_+19 
Sex {male/female) 7/0 6/3 
Admission temperature 29.8%_+1.5°0 28.8°C_+2,5°0 

(mean_+SD) 
Glasgow Coma Scale score 12+2 12-+2 

(mean+SD) 
Administered fluid volume 850_+590 347+76 

(mL/hour)[mean+SD] 
Urine output 170+120 120+50 

(mL/hour)[mean+_SD] 
Rewarming rate 1.4°C+,5°C 2.4°C-+I .0oc * 

(per hour)[mean_+SD] 
Correlation coefficient .95+.04 .78_+.08* 

(r 2) [mean_+SD] 
*,°<,05. 
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showed a forced-air rewarming rate of 2.3°C+.6°C/hour, 
compared with 1.5°+.6°C/hour in the control group 
(P=.029). Subanalysis of the data excluding the four 
patients (three described above and one described 
below) whose hypothermia was not related to alcohol or 
environment was also performed; the rewarming rate 
was still different between the two groups (forced air, 
2.5°C+.6°C/hour; blankets, 1.4°C+.5°C/hour; P=.007). 

None of the patients experienced erythema or cutane- 
ous thermal damage as a result of active rewarming. One 
56-year-old patient presented with a core temperature of 
27.5°C and was assigned to forced-air rewarming. He had 
pneumonia, anemia, leukocytosis, coagulopathy, and kid- 
ney failure. This patient became severely hypotensive after 
3 hours of active rewarming to a core temperature of 
33.6°C. He remained hypotensive despite fluid resuscita- 
tion and vasopressors. The patient died, 24 hours after 
admission, of pneumonia and multisystem failure. Autopsy 
was not performed. 

Excluding the single death, mild hypotension developed 
during rewarming in two patients in the treatment group 
and one patient in the blanket group. The hypotension 
responded promptly to fluid resuscitation. All patients 

Figure. 
Change in core temperature during passive and forced-air 
rewarming. 

Change in Core Temperature (°C) 

1 • Forced air (n=9) [ 

81 O Blankets (n=7) 1"1 

6 

4 

0 .5 1 1.5 2 2.5 

Elapsed time (hours) 

Data expressed as mean+SD. 

received 5% dextrose m normal saline solution except for 
the patient with diabetic ketoacidosis and another with 
hyperglycemia, who both received normal saline solution 
alone. We found no clinically significant difference in blood 
pressure or heart rate between the groups. 

DISCUSSION 

Core temperature during forced-air warming increased by 
about 1°C/hour faster than in patients warmed only with 
passive insulation. The difference is consistent with find- 
ings of previous studies that have quantified heat transfer 
during forced-air warming z,s and in subjects covered 
with one or three cotton blankets.15 Although we report 
results from only 16 patients, rewarming rates were 
similar in each group and the results were highly sta- 
tistically significant. Such uniform results are typical in 
heat-balance studies, where the results are determined 
more by the laws of thermodynamics than by physiologic 
responses. It is thus likely that forced-air rewarming will 
result in faster rewarming in most hypothermia victims. 

This is the first controlled study comparing rewarming 
methods in moderate to severe hypothermia. It is also the 
first study in which the efficacy of forced-air rewarming 
has been tested for the treatment of accidental hypother- 
mid. The rewarming rates with forced air were generally 
faster than those previously described with airway warm- 
ing alone or with peritoneal dialysis involving warmed 
fluids.16,17 

Our control group was similar to the 16 patients de- 
scribed in a study by Shields in which hypothermia victims 
in an urban setting were treated with warmed saline solution 
(38°C); warmed, humidified oxygen (40°C) by hce mask; 
and two hospital blankets, is The reported mean rewarming 
rate (].2°C/hour) was slower than it was in our patients and 
the time required to reach 35.8°C (7.1 hours) longer than in 
our patients. This difference may be explained in part by 
lower admission core temperatures in the Shields study 
(mean, 27.7°C; range, 23.3°C to 31.6°C) because rewarm- 
ing rates may depend on initial temperature. 17 

Two general methods of warming are used in the treat- 
ment of accidental hypothermia. Passive rewarming with 
blankets is intended to eliminate heat loss and to allow the 
patient's own metabolic heat production to increase body 
temperature. The ideal candidate is a previously healthy 
patient with mild hypothermia. Active rewarming may be 
performed internally or externally. Active internal rewarm- 
ing includes inhalation of warm, humidified air; IV infu- 
sion of warmed fluids; peritoneal dialysis with warmed 
fluids; and intrathoracic infusion of warmed fluids. Active 
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external rewarming can be accomplished with heating 
pads, warm water bottles, heated blankets, and other 
external heat sources such as forced air. Active external 
rewarming is noninvasive and can be accomplished with 
relative ease compared with internal rewarming methods. 
Patients with cardiovascular instability, poikilothermia 
(temperature less than 32°C), or a previous unsuccessful 
attempt at passive rewarming are candidates for active 
rewarming. 19 Active internal rewarming--in particular, 
cardiopulmonary bypass or intrathoracic dialysis--is pre- 
ferred in arrested hypothermia victims because of its 
greater heat transfer. 

Forced-air warming is clinically easy to use and can be 
applied within minutes of presentation. The disposable 
cover, which is lightweight and covers the patient's trunk 
and legs, can be easily lifted onto the patient (compare this 
with the difficuh:y of immersing a patient in warm water). 
The retail costs of the device and cover are about $2,000 
and $15, respectively There is no risk to the health care 
workers who operate the device other than that imposed 
by any electrical appliance. 

Afterdrop is a paradoxical decrease in core temperature 
sometimes observed immediately after the start of surface 
rewarming. Two factors contribute to afterdrop. First, 
there is continued conductive heat loss from the core to 
the peripheral tissues. This is a time-dependent effect and 
is influenced by the rate of cooling (before therapy) and 
the rate of rewarming. 2° Second, cutaneous warming pro- 
duces locally mediated vasodilation, allowing convective 
transfer of heat from the core to relatively cool peripheral 
tissues, i3 The magnitude of this effect depends on the 
extent of vasodilation. Neither mechanism applies during 
core rewarming. 

Although afterdrop is a much-discussed complication of 
rewarming, the typical magnitude is only about .6°C and 
probably not clinically important. 2°,2~ As expected, we 
observed no afterdrop in the patients rewarmed only with 
passive insulation. However, the patients actively warmed 
with forced air also failed to demonstrate afterdrop. 
Although our sample size precluded a definite evaluation 
of this problem, these data suggest that the increase in skin 
temperature was moderate and sufficiently slow to avoid 
triggering excessive locally mediated precapillary vasodila- 
t ion.  22 

We observed no significant adverse hemodynamic 
effect of convective warming, whereas hypotension is 
common after abrupt warm-water immersion. 23 Forced- 
air rewarming presumably was not associated with hypo- 
tension for the same reason that it was not associated 
with afterdrop: because it did not trigger excessive locally 

mediated vasodilation. 22 It is also likely that our rela- 
tively aggressive volume repletion contributed to the 
observed hemodynamic stability. 

Convective warming has been used in more than 4 mil- 
lion perioperative patients, with few thermal injuries. In 
contrast, chemical hot packs 2+, hot-water bottles 25, and 
circulating-water mattresses 26,2r frequently cause burns. 
It is therefore hardly surprising that thermal injury related 
to forced-air rewarming was not observed in our patients. 

The single patient to die among our subjects had 
three risk factors for death (systemic infection, anemia, 
and increased levels of urea nitrogen and creatinine) 
previously identified in a large multicenter hypothermia 
survey. 2s There is no reason to believe that forced-air 
rewarming contributed to this patient's death. Although 
forced-air warming has been used safely in the periopera- 
tive arena for years, the relatively small number of par- 
ticipants restricts our ability to fully evaluate potential 
complications of forced-air rewarming in patients with 
accidental hypothermia. Further investigation and clini- 
cal experience will be required to assure the overall safety 
of the method in this setting. 

It should be emphasized that no data indicate that 
accelerating the rate of rewarming improves patient out- 
come. Treatment of hypothermie victims in the ED is 
labor-intensive, and more rapid techniques may be desir- 
able to expedite patient disposition. Quickly increasing 
the temperature to greater than 28°C may reduce the risk 
of ventricular fibrillation and cardiovascular collapse and 
improve myocardial performance. 5 Rapid rewarming may 
also minimize acidosis and hypoxia associated with slower 
rewarming methods. 29 Additionally, more rapid rewarm- 
ing has been suggested to facilitate treatment of associated 
medical problems that appear to play a major role in 
hypothermia-associated mortality lr 

Airway warming was popularized by Lloyd 3°,31, in part 
because it is easy to apply and unlikely to prove harmful. 
Consistent with this common practice, patients in both 
groups were given heated, humidified respiratory gases. 
However, thermodynamic calculations 32,33 and findings 
of studies in perioperative 9,34 and nonsurgical hypother- 
mia 35,36 patients all indicate that respiratory gas condi- 
tioning transfers minimal amounts of heat. It is therefore 
unlikely that rewarming rates in either group would have 
differed substantially had this treatment been omitted. 
These data suggest that forced-air rewarming accelerates 
rewarming without producing apparent complications in 
nonarrested accidental hypothermia patients. 
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