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Abstract
Study Objective: Forced-air warming (FAW) relies on convection and is limited to the area under a single blanket. 
Conductive fabric warming (CFW) relies on conductive heat transfer. More important clinically is that CFW can rough-
ly double the body surface area in contact with the heat by using both a blanket over the patient and a heated mattress 
under the patient. This study is designed to test the hypothesis that doubling the body surface area in conductive contact 
with heat will improve clinical heat transfer of warming systems.
Design: This study is a prospective randomized, controlled trial with a two group, parallel design.
Patients and setting: We randomized 41 ASA 1 & 2 patients undergoing open GI surgical procedures in the operating 
room, lasting more than 2 hours and no need for fluid warming.
Interventions: 1) FAW Group; treated with a WarmTouch® upper or lower body blanket. 2) CFW Group; treated with 
a HotDog® upper or lower body blanket plus an underbody heated mattress. All of the warming blankets and mattress 
temperatures were set at 39°C. All of the other relevant variables were held constant, including: warming temperature, 
warming duration, surgical exposure and patient demographics. 
Measurements: We recorded the rewarming rate as a surrogate indicator of clinical heat transfer effectiveness. 
Results: The FAW Group (n = 20) experienced a warming rate of 0.01°C/hr over 2 hours. The CFW Group (n = 21) 
experienced a warming rate of 0.35°C/hr over 2 hours. There were no adverse events due to patient warming in either 
group. 
Conclusions: The CFW system showed significantly higher patient warming rates than the FAW system (0.35°C/
hr. vs. 0.01°C/hr.), when all other relevant variables were held constant, including warming temperature. Under these 
controlled conditions, the clinical heat transfer effectiveness of CFW (HotDog®) is significantly greater than FAW 
(WarmTouch®).
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Introduction

Over the past 25 years, forced-air warming (FAW) has become a Standard of Care 
for most surgical procedures. However, a recent editorial by Hopf[1] commenting 
on a study by Sun and Sessleret al.[2] noted, “…a critical implication of this study 
is that current standards and practice routinely lead to intraoperative hypother-
mia…” Sun et al. reviewed 59,000 surgical cases that had been treated with FAW 
at the Cleveland Clinic. They reported that 50% of the patients failed to reach 36°C 
within two hours of induction and 25% failed to reach normothermia within five 
hours of induction. These results can be characterized as a very high failure rate for 
a commonly used warming technology.
 Given the nearly ubiquitous occurrence of redistribution hypothermia af-
ter the induction of anesthesia and the recognized need to minimize “the degree 
and duration of intraoperative hypothermia,” the effectiveness of any warming 
technology is a critical metric. Sun et al. clearly showed that FAW is marginally 
effective at rewarming a surgical patient[2]. This is not the first study to report these 
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results. The mean of the mean FAW intraoperative rewarming 
rates reported in 10 published studies, was only 0.1°C/hr (rang-
ing from a low of -0.125°C/hr to a high of 0.23°C/hr)[3-12].
 These studies show that the heat transfer effectiveness 
of FAW under clinical conditions is limited. Two factors severe-
ly limit the heat transfer effectiveness of FAW: 1) The relative 
inefficiency of convective heat transfer[13]  and 2) The relatively 
small skin surface area in contact with the heat under a single 
FAW blanket.
 Another issue underscores the importance of finding an 
effective alternative to FAW. The US Centers for Disease Con-
trol and Prevention recently issued a warning: “Nothing that 
blows air should be in an operating theater, if possible[14].”
 The HotDog patient warming system, an air-free con-
ductive fabric warming (CFW) solution with electric blankets 
and mattresses, has a theoretical heat transfer effectiveness ad-
vantage in that: 1) It uses relatively efficient conductive heat 
transfer[13], and 2) The system contains a heated blanket and a 
heated mattress, nearly doubling the body surface area exposed 
to the heat. This electric warming system allows simultaneous 
warming from above and below the patient with a single control-
ler, creating a significant theoretical clinical heat transfer advan-
tage for CFW.
 Studies comparing the warming rate with a FAW blan-
ket to a CFW blanket, have shown nearly identical results[15-18]. 
Studies comparing the warming rate with a FAW blanket to a 
CFW or electric mattress have also shown nearly identical re-
sults[19,20]. No published studies have looked at the comparative 
warming rates or clinical heat transfer effectiveness when CFW 
and FAW are used as systems—using both blankets and mat-
tresses for CFW, compared to blankets-only for FAW. This is a 
comparison of the two warming systems as they are designed to 
be used. We hypothesize that doubling the body surface area in 
contact with heat by using CFW will improve clinical heat trans-
fer over FAW.
 
Materials and Methods

After obtaining approval from the Sapporo Medical University 
Institutional Review Board and written informed consent from 
each patient, we prospectively randomized 41 patients undergo-
ing open GI surgical procedures lasting more than 2 hours, into 
2 groups: 1) FAW Group (n = 20); treated with a WarmTouch® 
(Medtronic/Covidien Inc., Minneapolis, MN, USA) upper or 
lower body blanket. 2) CFW Group (n = 21); treated with a Hot-
Dog® (Augustine Temperature Management, LLC, Eden Prairie, 
MN, USA) upper or lower body blanket plus an underbody heat-
ed mattress. 
 This study is a randomized, controlled trial with a two 
group, parallel design, to test the hypothesis that doubling the 
body surface area in contact with heat will improve clinical heat 
transfer. Patients were randomized by any one of the investiga-
tors drawing a card from an opaque envelop with the name of 
a warming method written on the card. Investigators were not 
blinded to the therapeutic group during the data collection. 
 The FAW Group was treated with an upper or lower 
body blanket that was energized when the patient was “draped.” 
The CFW Group was treated with an upper or lower body blan-
ket plus an underbody heated mattress that was energized when 
the patient entered the OR per hospital protocol. There were no 

protocol violations.
 The FAW blower and CFW controller were set to 39°C. 
39°C is the “medium” temperature for both types of blankets and 
is the highest temperature allowed for the CFW heated mattress. 
We relied on the manufacturer for the accuracy of the tempera-
ture of the heat output.
 Tympanic temperatures (CE Thermo™, Nipro, Tokyo, 
Japan) were recorded at 15 minute intervals, starting when the 
blankets were energized (Time = 0). We determined the rewarm-
ing rate as a surrogate indicator of clinical heat transfer effec-
tiveness, our primary outcome measure. 
 All patients received a similar anesthetic that included: 
propofol, fentanyl, an inhalation agent and Remifentanil®. Ad-
ministration of anesthesia and fluids was similar according to 
protocol. Ambient room temperature was held constant. Warm-
ing was discontinued if the patient’s temperature exceeded 38˚C.
 All adult ASA 1 & 2 patients undergoing open GI sur-
gical procedures lasting more than 2 hours, with BMIs between 
17 and 30 kg/m2 and no need for fluid warming were eligible. 
Data were collected in the operating rooms of Sapporo Medical 
University (Sapporo, Japan).
 The patient background data are presented as Mean ± 
S.D. Statistical significance was determined by the 2-way ANO-
VA and Bonferoni tests for the comparison between the data of 
two groups. P < 0.05 was considered as statistically significant. 
Patients were randomized by any one of the investigators draw-
ing a card from an opaque envelop with the name of a warming 
method written on the card. Investigators were not blinded to the 
therapeutic group during the data collection. 

Results

Randomization resulted in 20 patients in the FAW Group and 21 
patients in the CFW Group. Table 1 show that there were no sig-
nificant demographic differences between the two groups. Table 
1 also shows that there were no significant differences between 
the two groups in surgical exposure (open vs. laparoscopic) or 
positioning (supine vs. lithotomy). There were no losses or ex-
clusions after randomization. Age-eligible participants were re-
cruited from 16 years to 90 years. Table 1.

Table 1: Patient demographics and surgical positioning.
CFW (n = 21)a FAW (n = 20)b P-value

Age (years) 69 ± 10 69 ± 10 0.95
BMI (kg/m2)c 23.5 ± 2.7 21.9 ± 2.8 0.08
Female/Male 12/9 12/8 0.85
ASA-RSd 1/2 4/17 4/16 0.75
Open surgery/ Lap-
aroscopic surgery 6/15 7/13 0.65

Supine/ Lithotomy 
Position 14/7 14/6 0.81

Shivering 0 1 --
Flushing 1 0 --

a: Conductive Fabric Warming
b: Forced-air Warming
c: Body mass index
d: American Society of Anesthesiologists Risk Score
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 The FAW Group started at 36.53 ± 0.36°C and ended at 
36.55 ± 0.49°C after 120 min. of warming—a warming rate of 
0.01°C/hr. The CFW Group started at 36.51 ± 0.39°C and ended 
at 37.20 ± 0.49°C after 120 min. of warming—a warming rate of 
0.35°C/hr. The temperature difference between the two groups 
was statistically significant at each data point after 30 min. (p < 
0.05).(Fig. 1)

Figure 1:

 On the “medium” 39°C temperature setting, the CFW 
system showed significantly higher patient warming rates than 
the FAW system (0.35°C/hr. vs. 0.01°C/hr.), when all other rele-
vant variables were held constant, including warming tempera-
ture. Therefore, under these controlled conditions, the clinical 
heat transfer effectiveness of CFW (HotDog®) system is signifi-
cantly greater than FAW (WarmTouch®) system. There were no 
adverse events due to patient warming in either group.

Discussion

The clinical effectiveness of patient warming products is usual-
ly reported as a rate of warming. The rate of warming and the 
resultant patient temperature are the most clinically relevant 
measurements of effectiveness and are a reflection of the rela-
tive clinical heat transfer effectiveness of the patient warming 
systems. Studies in the past have focused on the rate of warming 
that results from a FAW blanket compared to a CFW blanket 
or a FAW blanket compared to a CFW mattress. These narrow 
comparisons miss the essential point: FAW can only be applied 
above the patient (blankets only) but the CFW system on the 
other hand can simultaneously warm from both above and below 
the patient (blankets and mattresses).
 Intraoperative warming rates are influenced by numer-
ous factors including: the warming technology (FAW, CFW, 
water), the mechanism of heat transfer (convection, conduction 
radiation, passive), the warming temperature set point, warming 
start time and duration, the amount and location of the body sur-
face area in contact with the heat, the environmental tempera-
ture, surgical exposure and surgery type, patient position and 
patient demographics.
 In order to determine the relative heat transfer effec-
tiveness of FAW vs. CFW systems, we attempted to hold all of 
the variables listed above constant, except those inherent in the 

given warming technology. Thus, the independent variables 
were: FAW used convective heat transfer and exposed the skin 
surface area under a single warming blanket to this heat. CFW 
used conductive heat transfer and exposed the skin surface area 
under a single blanket and a heated mattress to this heat. 
 Since HotDog CFW mattresses are limited to 39°C, we 
elected to set the blanket temperatures to 39°C as well. All of the 
warming blankets and mattresses were at the same temperature. 
The blankets for both FAW and CFW were not set at their high-
est temperature setting. Therefore, these results do not represent 
the highest patient warming rates for each technology. The study 
objective was to determine the relative heat transfer effective-
ness of each warming system, not the highest warming rate.
 When all other relevant variables were held constant, 
CFW showed a clinical heat transfer effectiveness that was sig-
nificantly greater than FAW, as evidenced by significantly higher 
patient warming rates (0.35°C/hr. vs. 0.01°C/hr.). This superior 
heat transfer effectiveness for CFW is due to the combination of 
conductive heat transfer and the larger surface area of simultane-
ously heating from above and below the patient.
 The superior heat transfer effectiveness of CFW over 
FAW is consistent with the relative energy efficiencies of these 
two technologies as reported by Bayazit and Sparrow[13]. These 
investigators showed that CFW (HotDog®) was 2.3 times more 
efficient than FAW (WarmTouch®) in heat transfer.
 It is axiomatic that FAW cannot change its mechanism 
of heat transfer. Therefore, it seems that unless more skin surface 
area can be included under a FAW blanket, this technology may 
have reached its theoretical limit for heat transfer. In contrast, 
the CFW system is a new technology that will likely continue 
to improve its clinical heat transfer capabilities with improved 
blanket and mattress designs. CFW has an additional advantage 
because a second blanket can be added to the therapy at no extra 
cost, for any exceptionally challenging cases.
 There is another issue that underscores the importance 
of finding an effective alternative to FAW: FAW systems have 
been shown to produce an unintended consequence of disrupting 
operating room airflow and contaminating the surgical field[21]. 
The clinical concern is especially severe in implant surgery 
where a single airborne bacterium can cause an infection. The 
US Centers for Disease Control and Prevention recently issued a 
warning: “Nothing that blows air should be in an operating the-
ater, if possible[14].” Identifying an effective air-free alternative is 
paramount.
 Further research will be needed to determine if the 
greater heat transfer effectiveness and higher warming rates of 
the CFW system found in this study are reproducible at the high-
er temperature settings. However, the present data suggest that 
CFW could “...reduce the degree and duration of intraoperative 
hypothermia…” as called for by Dr. Hopf, which certainly war-
rants further investigation.
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