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Abstract
Background: The authors compared two strategies for the maintenance of intraoperative
normothermia during orthotopic liver transplantation (OLT): the routine forced-air warming
system and the newly developed, whole body water garment.

Methods: In this prospective, randomized and open-labelled study, 24 adult patients were enrolled
in one of two intraoperative temperature management groups during OLT. The water-garment
group (N = 12) received warming with a body temperature (esophageal) set point of 36.8°C. The
forced air-warmer group (N = 12) received routine warming therapy using upper- and lower-body
forced-air warming system. Body core temperature (primary outcome) was recorded
intraoperatively and during the two hours after surgery in both groups.

Results: The mean core temperatures during incision, one hour after incision and during the skin
closing were significantly higher (p < 0.05, t test with Bonferroni corrections for the individual
tests) in the water warmer group compared to the control group (36.7 ± 0.1, 36.7 ± 0.2, 36.8 ± 0.1
vs 36.1 ± 0.4, 36.1 ± 0.4, 36.07 ± 0.4°C, respectively). Moreover, significantly higher core
temperatures were observed in the water warmer group than in the control group during the
placement of cold liver allograft (36.75 ± 0.17 vs 36.09 ± 0.38°C, respectively) and during the
allograft reperfusion period (36.3 ± 0.26 vs 35.52 ± 0.42°C, respectively). In addition, the core
temperatures immediately after admission to the SICU (36.75 ± 0.13 vs 36.22 ± 0.3°C, respectively)
and at one hr (36.95 ± 0.13 vs 36.46 ± 0.2°C, respectively) were significantly higher in the water
warmer group, compared to the control group, whereas the core temperature did not differ
significantly afte two hours in ICU in both groups.

Conclusions: The investigated water warming system results in better maintenance of
intraoperative normothermia than routine air forced warming applied to upper- and lower body.
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Background
Perioperative hypothermia has been associated with mor-
bidity in the general surgical patient population [1–6]. It
is therefore appropriate to keep surgical patients normo-
thermic (i.e., at least 36°C). Despite current advances in
intraoperative warming, hypothermia during the exten-
sive abdominal surgeries, including orthotopic liver trans-
plantation (OLT), remains often unavoidable. Treatment-
resistant hypothermia during OLT is multi factorial and
results from massive fluid administration, convective and
evaporative losses from prolonged exposure of viscera, di-
minished hepatic energy production, and implantation of
a cold allograft of large thermal mass [7].

A new device has been developed that circulates warm wa-
ter through a special garment, which is worn by the pa-
tient during surgery and uses a microprocessor-controlled
heat-pump to warm the patient to a temperature selected
by the anaesthesiologist [8]. The published clinical reports
about effectiveness of the water garment device in the
open abdominal and cardiac surgery provided initial evi-
dences that the intraoperative use of this system results in
better maintenance of intraoperative normothermia when
compared with forced air warming system. As this gar-
ment is able to cover more of the patient, and deliver heat
to greater percentage of the body than forced air warming,
it was hypothesized that the warming water system might
also potentially prevent hypothermia during OLT more ef-
ficiently than forced air warmer.

In the current prospective and randomized trial, we com-
pared two strategies of the perioperative maintenance of
temperature using the new water warming garment with
our current warming method (upper- and lower body
forced-air warmer) to determine whether the new system
provides more consistent maintenance of normothermia
in patients undergoing OLT.

Methods
The institutional review board at Vanderbilt University
approved the study protocol. In this prospective and ran-
domized study, 24 adult patients (18–65 years old) were
enrolled into the study after obtaining institutional review
board accepted informed written consent. The simple ran-
domization sequence was obtained by using a computer
generated randomization list drawn up by the statistician
and concealed by keeping it with the research nurse not
taking direct part in the perioperative patient care. The an-
aesthesiologist responsible for seeing the patient in the
holding area and obtaining the informed consent allocat-
ed the next available number on entry into the trial. The
code was revealed to the attending anaesthesiologist and
assisting research team just before transporting the patient
to operating room. The control group (N = 12) received
warming therapy using a convective air warming system

consisting of two Bair-Hugger Warming Unit Model 505
and the Bair-Hugger upper and lower body warming blan-
kets (Augustine Medical). The forced air warming unit
temperature output was set on high (43°C). The treatment
group (N = 12) received warming using the investigated
water garment with a temperature set point of 36.8°C. Pa-
tients were placed in the garment already pre-filled with
the warm water (36.8°C) before induction of anesthesia
and the warming was continued introperatively until the
transfer from OR table to the stretchers at the end of sur-
gery when the garment was removed. The water warming
blankets were positioned on the patient and warming
started after induction of anesthesia and was continued
until the end of surgery. In settings of liver transplantation
surgery, we have been able to cover with the single water
garment large parts of both lower and upper extremities,
upper anterior, lateral portions of the chest and the entire
back of the patient which accounts for about 70–80% of
the total body surface. Two blankets (lower- and upper
body) used in the forced air warmer system are able to
cover approximately 50–60% of the total body surface.

The ambient operating room temperature was kept con-
stant at lowest possible setting which enabled to keep the
OR temperature at the range of about 20°C for 30 min be-
fore and throughout the surgery. OR temperature was
continuously measured and recorded every 5 min by mer-

Figure 1
Core temperature during the perioperative period.
Data represent individual esophageal temperature points for
patients in each study group. Abbreviations on horizontal
axis represent different time points when the presented data
were recorded: Prep = OR baseline (after induction and
positioning); Inc = incision; Inc 1 hr = 1 hr after incision;
Graft = placement of liver graft into the recipient; Reperf =
reperfusion; Clos = closing; ICU 0 hr = after arrival to Inten-
sive Care Unit; ICU 1 hr = 1 hr postoperatively; ICU 2 hr = 2
hr postoperatively
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cury thermometer positioned at the level of the patient
and not further than 50 cm from the patient body. The re-
ported mean ambient temperature represents the average
of all recorded temperature measurements during the op-
eration (for ambient OR temperature) or postoperatively
(for ambient recovery temperature). No effort was made
to control ambient temperature postoperatively. All intra-
operative fluids were warmed intraoperatively in both
groups.

For general anesthesia, standard premedication (mida-
zolam and fentanyl) and induction techniques (i.e., thio-
pental, succinylcholine) were performed. Anesthesia was
maintained with isoflurane, fentanyl (repeated bolus dos-
es, as directed, as directed by cardiovascular stability, at
the discretion of attending anesthesiologist) and non-de-
polarizing muscle relaxants (vecuronium or pancuro-
nium) in both study groups. All patients were monitored
intraoperatively using standard ASA monitors, and inva-
sive monitors including arterial lines and pulmonary ar-
tery catheter.

An esophageal probe (Mon-a-therm™ esophageal stetho-
scope 18 Fr with temperature sensor – thermistor 400 Se-
ries from Mallinckrodt Corp., St. Louis, MO) was placed
on the patient after induction of anesthesia. Esophageal
temperatures were continuously monitored and recorded
intraoperatively on the monitor console of the water
warming device and a Hewlett-Packard monitoring mod-
ule of the anesthesia machine. In addition, tympanic
membrane temperatures were recorded preoperatively
and immediately on arrival from OR to surgical intensive
care unit (SICU) using a commercially available infrared
probes (FirstTemp Genius, Sherwood Medical, St. Louis,
MO). Upon arrival in SICU all patients were periodically

assessed (every 30 min afterwards) for requirement for use
of additional warming devices (warm blankets, radiant
heat devices, convective air warmer). Additional warming
devices were applied in the SICU in patients when they ex-
hibited shivering or their body temperature was below
36°C. The type of additional warming devices was left to
t-he discretion of staff in SICU. The nursing staffs in SICU
who were not aware of the type of thermal care received
intraoperatively performed all assessments.

Power analysis and statistical analysis of results
The primary outcome from this study includes periopera-
tive body temperatures (i.e. distal esophageal, and tym-
panic, when applicable) in the study and control groups.
The format of this trial was expressed by two hypotheses:
the null hypothesis (Ho), which states that there is no dif-
ference between control (forced air warmer) and water
garment warmer group in terms of primary outcome, and
the alternate hypothesis (Ha), which states that there is a
difference. A minimum sample size of 24 total subjects
was calculated as needed to be enrolled and analyzed to
detect a clinically relevant difference in the primary out-
come of mean rectal or esophageal temperatures (temper-
ature difference 0.5°C between the groups) according to
the power analysis based on following parameters: type II
error rate- (beta = 0.2), type I error rate (alpha = 0.05, d =
0.5, sigma = 0.4). All non-frequency data are presented as
mean SD. The parametric data were compared using two-
sided t test with the Bonferroni correction (alpha1 = al-
pha/k) for multiple comparisons (k = 5 for intraoperative
comparisons and k = 3 for postoperative comparisons).
The analysis on frequency data was performed using two-
sided Fisher. The overall statistical significance of differ-
ences (null hypothesis rejected) was inferred at p < 0.05.

Table 1: Demographic of patients involved in the warming study

Forced Air Warmer (N = 12) Water Garment Warmer (N = 12)

Age (years) 49.8 ± 6 51.1 ± 5 (NS)
Gender (M/F) 7/5 6/6 (NS)
Weight (kg) 72.6 ± 5.6 80.1 ± 7.9 (NS)
Height (cm) 171 ± 15 168 ± 18 (NS)

Preoperative temperature (°C) 36.44 ± 0.4 36.55 ± 0.2 (NS)
Preoperative blood pressure (mmHg)

Systolic 112 ± 19 108 ± 21 (NS)
Diastolic 55 ± 9 59 ± 11 (NS)

Preoperative heat rate (beats/min) 97 ± 21 89 ± 17 (NS)
Ambient OR temperature (°C) 20.4 ± 1.4 20.4 ± 1.5 (NS)

Length of operation (hrs) 7.3 ± 2.1 6.9 ± 1.9 (NS)
Warm ischemia time (min) 47.2 ± 5.9 45.4 ± 6.2 (NS)

Ambient SICU temperature (°C) 23.1 ± 0.9 22.8 ± 0.9 (NS)

Data are presented as mean ± SD. NS – non significant differences between groups
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Results
There were no statistically significant differences (p >
0.05) in the demographics (age, weight, height, sex, pre-
operative temperatures, blood pressure, heart rate) and no
statistically significant differences in the length of the pro-
cedure and ambient OR and SICU temperatures between
two groups of patients. All 24 patients underwent liver
transplantation using the piggy-back technique, and no
veno-venous bypass was used during the surgical proce-
dure. No statistically significant differences between in-
vestigated groups were noted regarding the total length of
surgery and anesthesia, length of warm ischemia (p >
0.05). The air warming blankets in the forced air warmer
group were applied to the patients after induction of an-
esthesia and completion of the invasive line placement,
whereas water warming blankets were applied to the pa-
tients in the water warming group before induction of an-
esthesia (48 ± 16 min time difference between the study
groups).

Patients in the water warmer group maintained more con-
sistently normothermia intraoperatively (Fig. 1). The
mean core temperatures during incision, 1 hour after inci-
sion and during the skin closing were significantly higher
(overall significance level p < 0.05 by t test with Bonferro-
ni correction for the individual comparisons) in the water
warmer group compared to control group (36.7 ± 0.1,
36.7 ± 0.2, 36.8 ± 0.1 vs 36.1 ± 0.4, 36.1 ± 0.4, 36.07 ±
0.4°C, respectively). Moreover, significantly (p < 0.05 t
test with Bonferroni correction) higher core temperatures
were observed in water warmer group than in control
group during the placement of cold liver allograft (36.75
± 0.17 vs 36.1 ± 0.4°C, respectively) and during the allo-
graft reperfusion period (36.3 ± 0.3 vs 35.5 ± 0.4°C, re-
spectively).

The core temperatures immediately after admission to the
SICU (36.7 ± 0.1 vs 36.2 ± 0.3°C, respectively, p < 0.01)
and at 1 hr (36.9 ± 0.1 vs 36.5 ± 0.2°C, p < 0.01 respective-
ly) were significantly higher in the water warmer group,
compared to the control group, whereas the core temper-
ature did not differ significantly at 2 hr in ICU (36.7 ± 0.3
vs 36.9 ± 0.3°C, p > 0.05, respectively) in both groups.

No statistically significant differences (p > 0.05, not
shown) in the recorded postoperative vital signs (blood
pressure, heart rate, respiratory rate and SpO2) were ob-
served in both investigated groups in SICU for 2 hours
postoperatively.

Discussion
Body temperature has been more consistently maintained
at greater than 36°C during the entire OLT period (includ-
ing reperfusion) and immediately postoperatively in the
water warmer group compared to the patients treated with

the routine convective warming methods. One possible
explanation for the differences in the temperatures ob-
served in the current study might be that the water gar-
ment warmer allows for the slightly greater body area to
be covered (and warmed) compared with the double
forced-air system. However, it is unlikely that the small
difference in the area covered (about 20% body surfaces,
consisting of the posterior aspect of the trunk and legs) be-
tween two warming systems will offer the full explanation
for the observed effects. Another reason for the observed
differences in core temperatures between two devices at
incision and 1 hr after incision might be that water-gar-
ment group was prewarmed (i.e. patients were placed on
the warm water garment before induction) and the air-
warming group was not. It is well known that prewarming
patients before induction of anesthesia reduces the core-
to-peripheral temperature gradient and decreases the re-
distribution hypothermia, as was demonstrated before by
other investigators. It is important to note that the forced-
air warming of the upper-body blanket was only started
after completion of placement of all invasive lines and po-
sitioning (particularly extensive during OLT), which was
significantly later than the start of warming with the new
water garment. It is possible, that if the two systems were
compared in similar settings, these small differences in
the core temperature will be no longer observed. In this re-
spect, the current study did not compare the warming ef-
fectiveness of two different devices, but two different
strategies of perioperative warming. However, in the well
designed clinical comparison of these two devices in
healthy hypothermic and vasoconstricted subjects,
Taguchi (2002) reported that the heat transfer was signif-
icantly improved during active warming with the investi-
gated water warming system compared to forced-air
warming and the associated core temperature increase rate
was also significantly faster in the water warming group
[9]

The clinical value of the better control of perioperative
normothermia during OLT is unclear. It has been reported
recently that relatively small perioperative differences
(0.5°C) in core temperature were associated with signifi-
cant differences in blood loss during orthopedic surgery
[10]. There is now also considerable evidence that even
mild perioperative core hypothermia causes numerous
adverse outcomes including myocardial morbidity, coag-
ulopathy, increased transfusion requirement, wound in-
fection, increased recovery time and prolonged
hospitalization [1–6]. More significantly, in regard to liver
transplantation, it was demonstrated recently that intra-
operative hypothermia during liver transplantation in-
creases the risk for early cytomegalovirus infection in liver
transplant recipients and active warming seems to reduce
this risks [11]. In this respect, Nesher et al demonstrated
recently that patients warmed with the investigated water
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warming garment during the off-pump coronary bypass
surgery demonstrated reduced perioperative levels of in-
terleukin 6 and 10 levels, suggesting enhanced immune
response to perioperative stress compared to the routine
thermal care group [12].

The comparison of the investigated water warming device
with the routine (i.e. based mostly on the forced air warm-
er) thermal care was a subject of many, recently published
investigations, including pediatric surgery with and with-
out cardiopulmonary bypass [13–16]. In most of these in-
vestigations (including ours), the moderate (0.6 – 1.5°C)
higher core temperature was observed intraoperatively
and early postoperatively in the subjects warmed with the
water warming system compared to the routine warming
methods. It is important to mention at this point that in
most countries, the current costs of using the water warm-
ing system is considerably higher than routine tempera-
ture care, (e.g. forced air warming system). Therefore, the
question remains, if the observed differences in the core
temperature between investigated systems will provide
clinical justification for using the more expensive system.
Our study was not designed as the cost comparison study;
therefore, it would be impossible to make any suggestions
if the use of the particular warming system might be cost-
effective in any particular clinical situation.

Conclusions
The investigated water warming system, by virtue of its
ability to deliver heat earlier (i.e. before and immediately
after induction) to a greater percentage of the body surface
in OLT patients, results in better maintenance of intraop-
erative normothermia than does routine forced-air warm-
ing applied to the upper- and lower body parts.
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