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BACKGROUND: A new underbody forced-air warming system is available for use
during cardiac surgery. We tested the hypothesis combining underbody forced-air
warming with standard thermal management would maintain intraoperative core
temperature and reduce core temperature after-drop (largest decrease in core
temperature in the 60 min after bypass) in patients undergoing near-normothermic
cardiopulmonary bypass (CPB).
METHODS: Patients undergoing routine, nonemergent cardiac surgery were ran-
domly assigned to routine thermal management (fluid warming and passive
insulation, n � 30) or routine management supplemented by an active underbody
forced-air system (n � 30; Arizant Healthcare Model 635, Eden Prairie, MN). Core
body temperature was measured by bladder catheter at 15-min intervals during the
perioperative period. Comparisons were made between groups for temperature
before, during, and after CPB.
RESULTS: Data from four patients were excluded for cause, leaving 29 patients in the
routine management group and 27 patients in the forced-air group. Initial
temperatures were similar, but temperatures in the forced-air group were higher
than in the routine group at the start of CPB (36.3°C � 0.6°C vs 35.7°C � 0.7°C, P �
0.002). There were no differences between groups in the lowest temperatures
during CPB (forced air, 35.5°C � 1.5°C vs routine, 35.3°C � 1.3°C, P � 0.67); the
end of CPB (36.7°C � 0.4°C vs 36.6°C � 0.4°C, P � 0.99); or the temperature at
departure from the operating room (36.5°C � 0.4°C vs 36.2°C � 0.5°C, P � 0.36).
After-drop was 0.03°C � 0.54°C in patients randomized to underbody forced-air
warming and 0.21°C � 0.51°C in those assigned to routine management (P � 0.20).
CONCLUSIONS: Adding an underbody forced-air warming system to the near-
normothermic thermal management protocol significantly increased pre-bypass
temperature; however, it had no further clinically important effect on core
temperature.
(Anesth Analg 2008;106:746–50)

Hypothermia during cardiac surgery and in the
postoperative period is associated with adverse out-
comes, including impaired drug metabolism,1–3 car-
diac morbidity,2,4–7 shivering,8–10 impaired immune
function,6,11 coagulopathy,11,12 and increased use of
hospital resources.1,13 Several clinical studies have

demonstrated that maintenance of normothermia dur-
ing the perioperative period significantly reduces
morbidity.10,12,14,15 There have been several methods
developed and techniques proposed to maintain nor-
mothermia during surgery, including warming pa-
tients before induction of anesthesia, conductive warming
by water mattresses covering the patient’s back and
upper extremities, convective warming from forced-
air blanket systems, and infusions of warmed liquids.

The effectiveness of any warming system depends
on its ability to transfer heat to the patient. Patients
undergoing cardiac surgery are often positioned
above a circulating-water mattress. Although these
systems permit unrestricted access to the anterior
surfaces of the patient, they are inefficient warmers
and might cause injury because the combination of
heat and decreased local perfusion from the patient’s
own body weight restricts capillary blood flow which
can lead to burns and pressure-heat necrosis.16–18

Recently developed systems allow circulating-water
garments to cover a larger surface area of the body
and thus transfer more heat than traditional water
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mattresses that only heat the back and legs. Addition-
ally, there are circulating-water systems using highly
efficient “energy transfer” pads that transfer far more
heat per square meter of body surface area than
conventional mattresses.19,20

Conventional (over-body) forced-air warming blan-
kets transfer much more heat for a given surface area
than circulating-water mattresses,14,16 although less
than circulating-water garments and energy transfer
pads.19 Convective warming is relatively inefficient on
a per-area basis; but anterior forced-air covers contact
a large surface area and thus transfer considerable
heat. As a result, they have become routine for non-
cardiac surgery.

The difficulty with thermal management during
cardiac surgery, though, is that much of the anterior
surface must be left exposed, especially when vein
harvesting from the legs is required. An underbody
forced-air warming system has recently been devel-
oped (Arizant Healthcare Model 635 Full-Access Un-
derbody blanket, Eden Prairie, MN) that is placed on
the operating room (OR) table surface and contacts the
posterior surface of the patient. The design of this
system prevents heated air from making contact with
regions of the body that are under the most pressure
from bony prominences (i.e., scapulae, sacrum, and
occiput). The patient’s body weight effectively stops
airflow to the areas of concern. However, the efficacy
of this system has yet to be formally evaluated. We
tested the hypothesis combining underbody forced-air
warming with a near-normothermia thermal manage-
ment protocol would better maintain intraoperative
bladder temperature in patients undergoing cardio-
pulmonary bypass (CPB), and reduce after-drop fol-
lowing surgery.

METHODS
With approval from the IRB at the Cleveland Clinic,

Cleveland, Ohio, and after receiving written informed
consent, 60 consecutive patients scheduled for elective
cardiac surgery using CPB were enrolled between
April and July 2006. Exclusion criteria included emer-
gency procedures, serious skin disease, infection or
sepsis, presence of an intraaortic balloon pump, obe-
sity (body mass index �35 kg/m2), fever within 24 h
before surgery, and planned circulatory arrest.

Routine heat conservation methods were applied in
both groups that included warming IV fluids to 38°C,
a steri-drape cardiovascular sheet (Cardiovascular
Sheet with Ioban; 3M Corporation, Minneapolis, MN),
and a circulating-water mattress positioned beneath
the pad of the OR table (Medisearch HF7010; Gaymar
Industries, Buffalo, NY). The circulating-water mat-
tress was set to 37°C.

Patients were randomly assigned to routine ther-
mal management alone (n � 30) or the combination of
routine thermal management supplemented by forced-air
warming (n � 30). Randomization was based on

computer-generated codes maintained in sequentially
numbered opaque envelopes that were opened just
before the patients were transferred to the OR. Pa-
tients randomized to supplemental forced-air warm-
ing were positioned directly on the surface of a
forced-air warming blanket connected to a warming
unit (Bair Hugger Model 635 Full Access Underbody
blanket and Model 750 base unit, Arizant Healthcare,
Eden Prairie, MN). The warming unit was set to the
highest temperature (43°C). The forced-air warming
unit was deactivated whereas the aorta was cross-
clamped to allow for mild temperature drift and then
reactivated when aortic flow was re-established.

Anesthetic management was left to the discretion of
the attending anesthesiologist. General anesthesia was
induced with either etomidate or thiopental followed
by fentanyl, and muscle relaxation with either succi-
nylcholine followed by pancuronium or pancuronium
alone. Anesthesia was maintained with fentanyl, mi-
dazolam, isoflurane (maximum 1% inhaled in 50%
oxygen/50% nitrogen), and pancuronium to maintain
one twitch in response to supramaximal train-of-four
stimulation. Neither techniques designed to prewarm
the patient nor presurgical vasodilators were used.
CPB was conducted under near-normothermic condi-
tions with perfusate temperatures kept at approxi-
mately 35°C. Patients were rewarmed to a bladder
temperature of 37°C bladder before separation from
CPB.

Measurements
Morphometric and demographic characteristics

were recorded. Ambient temperature in the OR was
recorded on patient arrival. The time when the forced-
air warming system was activated and deactivated
was also recorded. Core body temperature was measured
via a bladder catheter equipped with a temperature
probe. Esophageal and pulmonary artery tempera-
tures were also measured. Temperatures were re-
corded every 15 min and at specific events, which
included arrival in the OR, immediately after induc-
tion of anesthesia, initiation and termination of CPB,
departure from the OR, arrival in the intensive care
unit (ICU), and at the time of tracheal extubation.
After-drop was calculated for each patient as the
difference between the last temperature on CPB and
the lowest recorded temperature within 60 min after
the end of CPB.

Statistical Methods
Results are presented as mean � sd for normally

distributed variables and as median (quartiles) for
non-normally distributed variables. The baseline vari-
ables in the forced-air and standard warming groups
were examined for clinically important differences.
Repeated measures analysis of variance (ANOVA)
with a compound symmetry correlation structure was
used to assess the effects of randomized group (active
vs standard), time point (induction, CPB start, CPB
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end, OR departure, and tracheal extubation), and the
group-by-time interaction on temperature. The Tuke-
y–Kramer multiple comparison procedure was used
to assess the group effect at each time in the presence
of a significant interaction to maintain a family-wise
Type I error rate of 5%. Reported P values for the five
temperature time points are thus the Tukey–Kramer
adjusted P values, and noted so in the Results as
“adjusted P value.” Group comparisons on secondary
outcomes of interest such as temperature after-drop or
lowest temperature during CPB were made using
either two-sample t-tests or Wilcoxon Rank-Sum tests,
as appropriate, and using a 0.05 significance criterion.

Thirty patients per group provided 80% power
at the 0.05 significance level to detect a 1°C core-
temperature difference between the two treatment
groups, assuming a standard deviation of 1°C and
using a two-sided, two-sample t-test. Our estimates
are conservative based on similar studies where stan-
dard deviation ranges from 0.5 to 1.0°C.21,22

RESULTS
Four patients were excluded from the analysis

because of unplanned circulatory arrest (one patient
from the standard care group and two from the
forced-air group) and one patient in the forced-air
group had surgery cancelled due to failed fiberoptic
tracheal intubation.

Morphometric and demographic characteristics of
the patients in the two treatment groups were similar
(Table 1). Although the length of the various stages of
surgery varied considerably among patients, there
was no difference between the treatment groups in the
duration of surgery. There were more valve surgeries
in the forced-air group but the number of isolated
coronary artery bypass graft (CABG) or CABG plus

any other procedure was similar between groups.
Ambient OR temperature was 17.2°C � 1.1°C throughout
the procedure.

The effect of forced-air versus standard care on
temperature was not consistent across the time points
assessed, as revealed in a significant group-by-time
interaction (P � 0.003) in our repeated measures
ANOVA (Fig. 1). The forced-air and standard care
groups had essentially the same temperature at anes-
thesia induction (35.9°C � 0.5°C vs 36.0°C � 0.7°C,
adjusted P � 0.99) as noted on the pulmonary artery
catheter. The forced-air group had a higher tempera-
ture before the start of CPB (36.3°C � 0.6°C vs
35.7°C � 0.5°C, adjusted P � 0.002). However, the
mean core temperature at the end of CPB was similar
between groups (forced-air group, 36.7°C � 0.4°C vs

Figure 1. The effect of forced-air underbody warming versus
routine temperature management on patient temperature
during near-normothermic cardiopulmonary bypass. The
group-by-time interaction was statistically significant (P �
0.003). P values are adjusted for multiple comparisons
(Tukey–Kramer). Asterisk (*) indicates P value statistically
significant (�0.05). Data are presented as mean � sd.

Table 1. Baseline and Surgical Variables, Timing, and Selected Results

Forced-air group Standard care group

P-valueN � 27 N � 29
Type of surgery

CABG � valve 22% 3% N/A
CABG 11% 24% N/A
Valve 37% 45% N/A
Other 30% 28% N/A

Age (yr) 61 � 14 57 � 12 N/A
Height (cm) 177 � 11 175 � 11 N/A
Weight (kg) 81 � 11 82 � 16 N/A
BMI (kg/m2) 26 � 3 27 � 4 N/A
Sex (male) 78% 72% N/A
OR to anesthesia induction (min) 35 (28, 46) 33 (25, 45) 0.88
Induct to pre-CPB (min) 108 (64, 148) 104 (72, 150) 0.89
CPB (min) 81 (62, 107) 82 (64, 111) 0.67
End CPB to exit OR (min) 78 (70, 101) 89 (74, 106) 0.46
Induction to ICU (min) 289 (222, 373) 295 (231, 366) 0.82
Arrival in the ICU to tracheal extubation (min) 346 (208, 747) 331 (216, 562) 0.92
After-drop (°C) 0.03 � 0.53 0.21 � 0.51 0.20
The data are presented as mean � SD, percent, or median (quartiles).
CABG � coronary artery bypass graft; BMI � Body Mass Index; OR � operating room; CPB � cardiopulmonary bypass; ICU � intensive care unit; After-drop � largest decrease in core
temperature in the 60 min after CPB. N/A � P-values not given for baseline factors since not meaningful in randomized study.
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standard care group, 36.6°C � 0.4°C, adjusted P �
0.99). The lowest temperature during CPB was
35.5°C � 1.5°C in the forced-air group and 35.3°C �
1.3°C in the standard care group (P � 0.67). There was
no difference in temperature between the groups
upon departure from OR (forced-air group, 36.5°C �
0.4°C vs standard care, 36.2°C � 0.5°C, adjusted P �
0.36) or at tracheal extubation (37.2°C � 0.59°C vs
37.2°C � 0.66°C, adjusted P � 0.99). After-drop was
0.03°C � 0.54°C in patients in the forced-air group
compared with 0.21°C � 0.51°C in the standard care
group (P � 0.20).

A secondary analysis comparing the randomized
groups on the five primary outcome temperature
measurements was made adjusting for type of sur-
gery, given that in Table 1 there appears to be clinical
imbalance on that variable. Results were nearly iden-
tical to the main analysis results, and the P value for
type of surgery in the model was nonsignificant at
P � 0.48.

DISCUSSION
There are essentially two strategies for minimizing

heat loss and maintaining normothermia in patients
during CPB: passive and active warming. Passive
warming methods use insulation to reduce loss of
metabolic heat whereas active methods require energy-
using heat transfer devices to substantially reduce heat
loss to the environment or even increase heat transfer
across the skin surface into the patient.

Passive methods are relatively easy to use but are
usually insufficient for surgical patients. These mate-
rials include blankets, paper drapes, and plastic wraps
that are used as insulators. A single layer of any of
these materials reduces regional heat loss by about
30%.23,24 Forced-air is the most commonly used peri-
operative warming technique, since it is inexpensive,
easy to use, remarkably safe, and highly effective.
These systems work best when a considerable fraction
of the anterior body surface is available for heat
transfer and when there is a sufficient temperature
gradient between the patient’s skin and the air ex-
pelled by the blanket. Typically, they reduce or elimi-
nate both convective and radiant heat loss during
surgery and may even provide a net transfer of heat
across the entire skin surface.25

An interesting observation of our study is that
patients undergoing near-normothermic thermal man-
agement did not become hypothermic upon separa-
tion from CPB or before leaving the OR. Furthermore,
there was only a trivial amount of temperature after-
drop, even in patients who were not in the actively
warmed group (approximately 0.2°C). Typically, in-
complete rewarming of peripheral tissues after CPB
manifests as a large core-to-peripheral temperature
gradient. For example, Rajek et al. found that the
core-to-peripheral tissue temperature gradient at the
end of rewarming after CPB at 31°C was 3.5°C � 1.8°C

and 4.6°C � 1.9°C after CPB at 27°C.26 This results in
a rapid temperature after-drop after surgery as heat
from the core tissues redistributes to peripheral tis-
sues.26 We speculate that maintaining perfusate tempera-
ture at 35°C during CPB in our study allowed for enough
warming of the peripheral tissues to minimize core-to-
peripheral tissue gradient and heat redistribution.

After-drop has been defined as the decrease in core
temperature after discontinuation of CPB.26 It has
been our experience that the most critical period of
after-drop is within the first 60 min after CPB. Mini-
mal after-drop in this study indicates that the core-to-
peripheral tissue temperature gradient was small at
the end of CPB. Although we did not measure periph-
eral tissue temperature, it is likely that it would be
only slightly less than perfusate temperature (35°C).
However, core temperature in both groups was near
36.6°C at the end of bypass, thus leaving a gradient
not much exceeding 1.5°C, which is roughly the
normal gradient unanesthetized humans maintain in a
typical hospital environment. (Some thermal gradient
is necessary; otherwise metabolic heat would accumu-
late in the core rather than being dissipated to periph-
eral tissues and subsequently to the environment.)
Critically, for the hypothesis of this article, it is also
unsurprising that the underbody blanket was only
modestly effective under these conditions. Lacking a
substantial temperature gradient, one would not ex-
pect to see an appreciable treatment effect when
warming patients who were already warm.

A limitation of our study is that the effect of the
underbody blanket would likely be more apparent in
patients undergoing CPB at lower body temperatures than
used in our protocol. Forced-air warming significantly
increased core temperature before CPB during a period
when the body was not actively warmed by extracorporeal
circulation. Additionally, our study was not blinded which
might have introduced bias in our results.

In summary, the use of an underbody forced-air warm-
ing system in patients undergoing near-normothermic
thermal management during CPB significantly increased
temperature before CPB but not after surgery.
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