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BACKGROUND: The PerfecTemp is an underbody resistive warming system that combines
servocontrolled underbody warming with viscoelastic foam pressure relief. Clinical efficacy of the
system has yet to be formally evaluated. We therefore tested the hypothesis that intraoperative
distal esophageal (core) temperatures with the PerfecTemp (underbody resistive) warming
system are noninferior to upper-body forced-air warming in patients undergoing major open
abdominal surgery under general anesthesia.
METHODS: Adults scheduled for elective major open abdominal surgery (liver, pancreas,
gynecological, and colorectal surgery) under general anesthesia were enrolled at 2 centers.
Patients were randomly assigned to underbody resistive or forced-air warming. Resistive heating
started when patients were transferred to the operating room table; forced-air warming started
after patients were draped. The primary outcome was noninferiority of intraoperative time-
weighted average core temperature, adjusted for baseline characteristics and using a buffer of
0.5°C.
RESULTS: Thirty-six patients were randomly assigned to underbody resistive heating and 34 to
forced-air warming. Baseline and surgical characteristics were generally similar. We had
sufficient evidence (P � 0.018) to conclude that underbody resistive warming is not worse than
(i.e., noninferior to) upper-body forced-air warming in the time-weighted average intraoperative
temperature, with a mean difference of �0.12°C [95% confidence interval (CI) �0.37 to 0.14].
Core temperatures at the end of surgery averaged 36.3°C [95% CI 36 to 36.5] in the resistive
warming patients and 36.6°C [95% CI 36.4 to 36.8] in those assigned to forced-air warming for
a mean difference of �0.34°C [95% CI �0.69 to 0.01].
CONCLUSIONS: Mean intraoperative time-weighted average core temperatures were no
different, and significantly noninferior, with underbody resistive heating in comparison with
upper-body forced-air warming. Underbody resistive heating may be an alternative to
forced-air warming. (Anesth Analg 2011;113:1076–81)

Perioperative hypothermia is associated with adverse
outcomes, including impaired drug metabolism,1–3

cardiac morbidity,2,4 –7 shivering,8 –10 impaired im-
mune function,6,11 coagulopathy,11,12 and increased use
of hospital resources.1,13 As might thus be expected,
randomized trials demonstrate that the maintenance of
perioperative normothermia significantly reduces mor-
bidity.10,12,14,15 Several methods have been developed to
help maintain normothermia during surgery, including
warming patients before induction of anesthesia,16 –18

intraoperative use of water mattresses,19 circulating-water
garments,20,21 forced-air convection,22 and continuous in-
fusion of warmed liquids.23

Forced air is by far the most commonly used intraop-
erative warming approach and has an admirable safety

record.19,24 However, a difficulty with forced air is that it is
sometimes impossible to warm a sufficient surface area to
maintain normothermia during large surgical incision
procedures, especially when patients are not supine. Fur-
thermore, the occasional surgeon reports that forced-air
warming can be uncomfortable. Finally, some surgeons
believe that increasing turbulence in operating rooms in-
creases the risk of wound contamination, although there is
overwhelming evidence that it does not.25,26

The PerfecTemp (LMA, San Diego, CA) is an underbody
resistive warming system that combines servocontrolled
underbody warming with viscoelastic foam pressure relief.
An advantage of this resistive heating system is that
warming can begin as soon as patients are positioned on
the operating room table, whereas forced-air warming is
usually delayed until patients are anesthetized and draped
for surgery. Because the system does not cover the patient,
there is no interference with surgical access; it operates
silently; and the system does not use disposables, thus
generating no medical waste during routine use. Instead, it
replaces the existing operating room table pad and is
cleaned between cases just as a standard pad would be (Fig.
1). However, surgical patients lose most heat from the
anterior body surface. It is thus unclear whether underbody
warming alone, such as provided by the PerfecTemp, will
transfer sufficient heat to maintain normothermia during
open abdominal surgery.
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Clinical efficacy of the PerfecTemp system has yet to be
formally evaluated. We therefore tested the hypothesis that
intraoperative distal esophageal (core) temperatures with
the PerfecTemp (underbody resistive) warming system are
noninferior to upper-body forced-air warming in patients
undergoing major open abdominal surgery under general
anesthesia. The secondary hypotheses include that (1)
time-weighted average (TWA) intraoperative core tem-
peratures are superior with underbody resistive warming
than with upper-body forced-air warming; (2) final in-
traoperative core temperature is noninferior with under-
body resistive warming than with upper-body forced-air
warming; and (3) final intraoperative core temperature is
superior with underbody resistive warming than with
upper-body forced-air warming.

METHODS
We enrolled patients scheduled for elective major open
abdominal surgery (liver, pancreas, gynecological, and
colorectal surgery) under general anesthesia with an ex-
pected operating time of at least 2 hours. Patients were
enrolled at the Cleveland Clinic Main Campus in Cleve-
land, Ohio, and at McMaster University Medical Center in
Hamilton, Ontario, Canada. The IRB at each institution
approved the study, and written consent was obtained
from each participating patient.

Patients were eligible to participate when their body
mass index was �36 kg/m2, age was 18 to 75 years, ASA
physical status was 1 to 3, and the surgical position was
supine with or without lithotomy. Patients were excluded
when they had a preoperative fever or serious posterior
skin lesions.

Protocol
Patients were premedicated with midazolam, fentanyl, or
both. Active prewarming was not used. Shortly before
transfer to the operating room, patients were randomly
assigned to underbody resistive warming or forced-air
warming. Randomization (1:1) was based on random
blocked computer-generated codes that were maintained in
sequentially numbered opaque envelopes; randomization
was stratified by site.

In patients who were assigned to underbody resistive
warming, the resistive warming system was positioned on
the operating room table and set to 40°C about 15 minutes

before the patient entered the operating room. The system
was covered by a single-layer sheet and warmed the entire
posterior torso of a supine patient. After induction of
anesthesia (described below), a single layer of cotton blan-
ket was positioned over the upper body before surgical
draping. None of the operating rooms used laminar flow.

The PerfecTemp uses a single primary temperature
sensor to servocontrol the heating system (a second system
provides safety backup). The control sensor is located at the
level of the upper back for a typically sized adult in the
conventional supine position. When patients are moved
towards the distal end of an operating room table for
lithotomy position, the sensor can be at the level of their
head. In preliminary studies, we found that use of a foam
headrest insulated the sensor from the environment so
much that it markedly diminished heat output. In our
formal trial, for patients in the lithotomy position, we thus
used cotton towels under a foam headrest.

In patients assigned to forced-air warming, an upper-
body Bair Hugger (Arizant Medical, Inc., Eden Prairie, MN)
cover was positioned over the upper body and exposed
arm(s) after induction of anesthesia and covered with a
single layer of cotton blanket. The Model 750 forced-air
blower was set to “high” (43°C) and activated as soon as
practical, usually after prepping and draping. Patients in
both groups were otherwise draped per surgical routine.
Ambient temperature was maintained near 20°C.

Anesthesia was induced with propofol and fentanyl or
sufentanil. Muscle relaxant was given as necessary, and the
trachea intubated. Anesthesia was maintained with sevo-
flurane or desflurane and opioid. Mechanical ventilation
was adjusted to maintain end-tidal Pco2 near 35 mm Hg.
Fresh gas flow was generally maintained at a total of 2
L/min. A distal esophageal temperature probe was in-
serted 40 cm and connected to the anesthesia machine
monitoring system. Intravenous and irrigation fluids were
warmed to body temperature.

Rescue warming with forced air was initiated if core
temperature decreased to �35°C in patients assigned to
underbody resistive warming. The assigned warming sys-
tem was discontinued if core temperature exceeded 37°C,
and restarted if core temperature subsequently decreased
to �37°C.

Upon completion of surgery, the esophageal tempera-
ture probe was removed and the patient’s trachea was
extubated after emergence from anesthesia. Subsequent
clinical management was at the discretion of the attending
anesthesiologist and surgeon. Warmed skin was inspected
in the postanesthesia care unit for any thermal changes
such as blisters and redness. Skin inspection was repeated
on the first postoperative morning.

Measurements
Demographic and morphometric characteristics were
recorded. Preoperative sublingual oral temperature was
recorded. The number of arms available for forced-air
warming was recorded. Whether or not the lithotomy
position was used was also recorded.

Time of tracheal intubation was considered elapsed time
zero. At 15-minute intervals thereafter, the following vari-
ables were recorded: (1) distal esophageal temperature; (2)

Figure 1. PerfecTemp controller (on pole) and underbody resistive
heating pads (on operating room table).
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ambient air temperature at the level of the patient well
away from any heat-producing instruments; (3) end-tidal
isoflurane, sevoflurane, or desflurane concentration; (4)
mean arterial blood pressure; (5) heart rate; and (6) skin
temperature at the scapula. Additionally, sublingual oral
temperature was recorded 15 minutes after tracheal
extubation.

We also recorded the type of volatile anesthetic and the
total amounts of fentanyl, sufentanil, propofol, crystalloid,
colloid, and blood administered. The following times were
recorded: (1) patient transfer to the operating room table;
(2) tracheal intubation; (3) forced-air activation; (4) surgical
incision; and (5) tracheal extubation. When rescue warming
was required, the activation time was recorded.

Subjects’ posterior skin integrity was evaluated preop-
eratively, in the postanesthesia care unit, and on the first
postoperative morning using the 2007 Pressure Ulcer Stag-
ing system of the National Pressure Ulcer Advisory Panel
(Table 1).1a Patients were not told which treatment they
received. Investigators and clinicians were not blinded
intraoperatively. Postoperative skin integrity evaluations
were conducted by an investigator blinded to treatment
modality.

Data Analysis
Randomized groups were descriptively compared for bal-
ance on baseline potential-confounding variables using the
standardized difference, which is the difference in means or
proportions divided by the pooled SD. Any baseline vari-
able with a standardized difference of 0.4 or more in
absolute value was adjusted for in all of the analyses.

Our primary outcome was intraoperative core tempera-
ture. First, we assessed noninferiority of the resistive to
forced-air warming in regard to the time-weighted average
(TWA) of core temperature from tracheal intubation to 3
hours after or tracheal extubation, whichever came first.
Our null hypothesis was that core temperature in the
resistive warming group is worse in (lower than) the
forced-air group by at least 0.5°C. The noninferiority was
assessed using analysis of covariance (ANCOVA), adjust-
ing for the observed imbalance baseline covariables and the
preoperative oral temperature. Specifically, we obtained

the parameter estimates for treatment effect (i.e., mean
difference between groups) and the corresponding SE from
ANCOVA, and then used the results to conduct a 1-tailed
2-sample t test with a noninferiority buffer of 0.5°C. The
treatment effect was summarized using 95% confidence
interval (CI) around the mean difference between groups.
The primary analysis was performed according to the
intention-to-treat principle.

Randomized groups were also compared on a second-
ary outcome, the proportion of patients with temperatures
above 36°C at the end of surgery, with a logistic regression
model, adjusting for preoperative oral temperature and any
imbalanced baseline covariables. Furthermore, core tem-
peratures at the end of surgery between randomized
groups were compared using 2-sample t tests. We assumed
that the SD for core temperature would be 0.6°C, as
observed in other studies. Sixty patients were needed to
show noninferiority of resistive to forced-air warming on
the primary outcome with 90% power at the 0.025
significance level. Because some enrolled patients inevi-
tably have shorter operations than anticipated, 70 pa-
tients were planned for study inclusion.

SAS software version 9.2 for Windows (SAS Institute,
Cary, NC) was used for all statistical analyses, and R
software version 2.8.1 for Windows (R Foundation for
Statistical Computing, Vienna, Austria) was used for
graphics.

RESULTS
Between June and September 2010, 71 patients were en-
rolled at Cleveland Clinic (n � 46) and McMaster Univer-
sity (n � 25). One patient was withdrawn because of
enrollment in another study. Of 70 patients, 36 patients
were randomly assigned to underbody resistive heating
and 34 to forced-air warming. In the resistive heating
group, 4 patients with core temperatures �35°C were
switched to forced-air warming because of clinician prefer-
ence; 2 others had core temperatures �35°C and were thus
switched per protocol to rescue warming with forced air.
Meanwhile 2 patients assigned to forced-air warming also
reached core temperatures �35°C. Once initiated, rescue
warming was continued for the duration of surgery. Fifteen
patients reached a core temperature of 37°C during the first
3 operative hours: 6 assigned to resistive heating and 9

aAvailable at www.merck.com/mmpe/sec10/ch126/ch126a.html#CACCFBII.
Accessed February 12, 2010.

Table 1. 2007 Pressure Ulcer Staging System of the National Pressure Ulcer Advisory Panel
Stage Characteristics

1 Pressure-related changes of intact skin in comparison with the adjacent or opposite areas:
● Color (nonblanchable redness in lightly pigmented skin; red, blue, or purple hues in darkly pigmented skin).
There may also be changes in
● Temperature (increased warmth or coolness);
● Consistency (firm or boggy feel);
● Sensation (pain).

2 Partial-thickness skin loss into but not deeper than the dermis, including abrasions, intact or ruptured blisters, and other shallow
defects.

No exposure of subcutis or deeper structures.
3 Full-thickness skin loss down to subcutaneous fat or, in areas without underlying fat (e.g., nose, malleolus), to fascia, perichondrium,

or periosteum. No exposure of muscle, tendon, cartilage, or bone.
Sometimes devitalized tissue, undermining, or tunnelling, but that does not hide deeper injury.

4 Full-thickness skin loss with exposure of muscle, tendon, bone, or adjacent structures (e.g., joint spaces).
Potentially extensive destruction and increased risk of osteomyelitis.

PerfecTemp and Forced-Air Warming

1078 www.anesthesia-analgesia.org ANESTHESIA & ANALGESIA



assigned to forced air. Warming was adjusted as necessary
to keep core temperature near 37°C in these patients.

Most baseline characteristics were well balanced be-
tween the randomized groups (Table 2). However, patients
assigned to resistive heating were more likely to have
higher ASA physical status classification. Thus, ASA status
was adjusted for in all analyses. Patients in each warming
group were given comparable doses of volatile anesthesia
and opioid.

We had sufficient evidence (P � 0.018) to conclude that
underbody resistive warming is not worse than (i.e., non-
inferior to) upper-body forced-air warming in the TWA of
intraoperative temperature using a noninferiority buffer of
0.5°C. Mean difference (95% CI) of the intraoperative TWA
temperature between the groups (resistive heating �
forced-air) was �0.12°C (�0.37°C, 0.14°C), adjusting for
preoperative oral temperature and ASA physical status
(Fig. 2). Noninferiority at the 0.025 significance level is
evident because the lower limit of the 95% confidence
interval is more than the noninferiority � of 0.5°C. In a
subsequent 1-tailed test, the resistive heating group was not
superior to forced-air mean intraoperative TWA tempera-
ture (36.02°C � 0.55°C vs 36.11°C � 0.50°C, P � 0.18), also
evident because the confidence interval for the difference
between groups overlapped zero. Sensitivity analysis was
conducted by including only patients treated per protocol
(i.e., a treatment-received analysis); noninferiority was
again confirmed.

The proportion of patients above 36°C at the end of
surgery in the resistive heating group was smaller than that
in the forced-air group (58% vs 88%, multivariable P �
0.0069). However, core temperatures at the end of surgery
were no different, averaging 36.3 (95% CI, 36 to 36.5) in the
resistive warming patients and 36.6 (95% CI, 36.4 to 36.8) in
those assigned to forced-air warming, with mean difference
(95% CI) of �0.34 (�0.69, 0.01). There were no adverse
events related to the use of either warming system.

DISCUSSION
Forced air is by far the most common perioperative warm-
ing approach, presumably because it is effective, safe, and
inexpensive. Successful competing warming systems will

thus need to match or exceed forced air in these respects,
while perhaps providing additional values in terms of
convenience, silent operation, or reduced environmental
waste. Clinical efficacy of the system we evaluated, the
PerfecTemp underbody resistive warming system, was
noninferior to forced air. That is, core temperatures were
similar with each system, even in the context of open
abdominal surgery which provides a strict test of warming
efficacy.

Heat can be lost via 4 mechanisms: conduction, evapo-
ration, convection, and radiation. However, little heat,
perhaps only 5%, is normally lost to conduction because the
foam covering of operating room tables is an excellent
thermal insulator; similarly, little heat, perhaps another
10%, is lost to insensible evaporative loss through intact

Figure 2. Plot of core temperature over elapsed time during surgery.
Temperatures were recorded at 15-minute intervals after elapsed
time zero (tracheal intubation). Results are shown as means � SD.

Table 2. Baseline Characteristics and Surgical Factors, by Study Groups
Factor Resistive (N � 36) Forced air (N � 34) Standardized difference*

Age (year) 51 � 15 51 � 13 �0.03
Body mass index (kg/m2) 26 � 4.2 27 � 4.3 �0.22
Female 67% 56% 0.22
ASA physical status 0.62

I 6% 3%
II 44% 74%
III 50% 24%

Race (caucasian vs. other) 100% 94% 0.35
Surgical position (supine/lithotomy) 50% 49% 0
Preoperative oral temperature (°C) 36.2 � 0.9 36.2 � 0.8 �0.08
Surgical time (hour) 3.7 � 1.7 3.6 � 2.2 0.03
Ambient operating room temperature (°C) 20.4 � 0.7 20.2 � 0.8 0.26
Number of temperature measurements during first 3 hours 10 � 2.0 9 � 2.3 0.31
Arms available during surgery (2 vs. 0) 42% 38% 0.07

Plus-or-minus values are means � SD. ASA � American Society of Anesthesiologists. Surgical time was from intubation until the last suture. Ambient temperature
is presented as time-weighted average.
*Standardized difference (STD) � difference in means or proportions divided by standard error; imbalance defined as absolute value of STD 0.40 (medium effect
size).
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skin and humidification of dry respiratory gases. A single
study in rabbits suggests that considerable heat can be lost
to evaporation from within large surgical incisions, al-
though the amount has never been evaluated in humans
and for morphologic reasons is surely less than in rabbits.
The major routes for intraoperative heat loss are thus
convection and radiation, with the later perhaps contribut-
ing slightly more. Administration of IV fluids can also cool
patients: mean body temperature in a 70-kg patient de-
creases �0.25°C for each liter of crystalloid given at ambi-
ent temperature and by about the same amount for each
liter of refrigerated blood.

Convection and radiation both occur at anterior surfaces
(including sides of the torso and extremities), and thus
anterior surfaces contribute most to intraoperative heat
loss. It is thus surprising that posterior warming alone was
able to maintain normothermia as well as forced air. Three
factors probably contribute to efficacy of the underbody
system. The first is that the underbody system was acti-
vated even before patients arrive in the operating room.
Active patient warming thus started as soon as patients
were positioned on the operating room table, whereas
forced-air warming was delayed until surgical draping was
complete. The second factor is that the surface area avail-
able for underbody warming may be larger than with
anterior forced-air heating, especially when one or both
arms are tucked, as was often the case in our patients. The
third factor is that while resistive heating was generated by
the posteriorly positioned pad, air warmed by the edges of
the pad surely rose and was trapped by the surgical drapes
to form a cocoon of warm air over the anterior surface. The
combination of these factors appears to have been sufficient
as core temperatures were similar with underbody resistive
warming and upper-body forced-air warming during open
abdominal surgery.

Normal human skin can tolerate most any duration at
43°C so long as the heat is not accompanied by pressure,
but even small amounts of pressure markedly reduce
tolerance for warming.27 A challenge for any underbody
warming system is to provide sufficient heat while assuring
that a patient’s weight is well distributed without pressure
points that could result in pressure–heat necrosis (burns).
Conventional circulating-water mattresses distribute pres-
sure poorly and thus occasionally provoke burns.28 The
PerfecTemp underbody system attempts to reduce risk,
apparently successfully, by using a viscoelastic foam that
distributes pressure. We caution, though, that total experi-
ence with the PerfecTemp remains limited to a few hun-
dred patients.

The average duration of surgery was 3.6 � 1.9 hours; the
longest operation was 11.7 hours, and 39 surgical cases
exceeded 3 hours. Furthermore, scapular skin temperature
averaged 35.8°C � 1.2°C, and the highest recorded tem-
perature was only 38.9°C, which in the absence of pressure
should be well tolerated. As might be expected, there were
no injuries in our trial and Pressure Ulcer Staging scores
were zero in all patients, both immediately after anesthesia
and the subsequent morning. We caution, though, that
clinical experience with underbody resistive warming re-
mains limited and that experience with thousands of pa-
tients will be required to confirm that the system can be

used safely over the broad range of patients, including
those with fragile skin having long operations.

Our trial was well powered to test our primary and
secondary hypotheses; and though we did not identify any
safety issues, considerably more experience with the Per-
fecTemp heating is still needed. Forced-air warmers are
now available from many manufacturers and appear to
function comparably. It is likely, though, that efficacy and
safety of various resistive heating systems differ as a
function of the heating element, number and position of
temperature sensors, pressure-distributing elements, etc.
Results with one underbody resistive heating system
should thus be extrapolated to others only with consider-
able caution.

In summary, mean intraoperative TWA core tempera-
tures were no different, and significantly noninferior, with
underbody resistive heating than with upper-body forced-
air warming. Underbody resistive heating may be an
alternative to forced-air warming.
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