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Background: Previous research has shown a beneficial effect of prewarming for preventing
inadvertent perioperative hypothermia. However, there are few studies of the effects of a
short prewarming period, especially in gynecologic laparoscopic surgery.

Methods: Fifty-four patients were randomly assigned to 2 groups. Patients in the non-pre-
warming group were only warmed intraoperatively with a forced air warming device, while
those in the prewarming group were warmed for 10 min before anesthetic induction and
during the surgery. The primary outcome was incidence of intraoperative hypothermia.

Results: Intraoperative hypothermia was observed in 73.1% of the patients in the non-pre-
warming group and 24% of the patients in the prewarming group (P < 0.001). There were
significant differences in core temperature changes between the groups (P < 0.001). Post-
operative shivering occurred in 8 of the 26 (30.8%) patients in the non-prewarming group
and in 1 of the 25 (4.0%) patients in the prewarming group (P = 0.024).

Conclusions: Forced air warming for 10 min before induction on the operating table com-
bined with intraoperative warming was an effective method to prevent hypothermia in pa-
tients undergoing gynecologic laparoscopic surgery.
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INTRODUCTION

Inadvertent perioperative hypothermia (IPH) is defined
as a core body temperature below 36.0C [1]. Perioperative
hypothermia is associated with higher incidence of isch-
emic heart disease [2], surgical wound infection, and pro-
longed hospitalization [3]. In addition, it increases blood
loss [4] and delays postanesthetic recovery [5].

A forced air warming system is currently the most widely
used perioperative warming method [6]. However, several

previous studies show that conventional intraoperative

warming with a forced air warming device is not enough to
avoid IPH [7,8]. This suggests that additional methods are
needed to prevent IPH.

The main cause of the rapid drop in body temperature
during the first hour after the initiation of anesthesia is
core-to-peripheral thermal redistribution [9]. In addition,
the amount of heat lost and the rate of the core body tem-
perature drop depend on the temperature gradient be-
tween the central and peripheral compartments. Prewarm-
ing, that is warming the surface of the body before the in-
duction of anesthesia, can reduce the temperature differ-
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ence between the core and periphery. Thereby, it decreases
the degree of core-to-peripheral thermal redistribution
[10]. The national institute for health and clinical excel-
lence guidelines recommend 30 min of prewarming to
minimize the incidence of IPH [1]. However, adopting this
idea as a daily clinical practice remains a hardship because
30 min is a significant amount of time in a fully scheduled
operating environment. Therefore, the need for research to
investigate the effectiveness of a short period of prewarm-
ing has emerged. Although a few studies show that 10 min
of prewarming reduces the risk of IPH [11,12], a sufficient
amount of research has not been performed yet. Further-
more, there has been no research on the effects of a combi-
nation of 10 min prewarming in the operating table and in-
traoperative active warming during gynecologic laparo-
scopic surgery. This study was designed to test whether
IPH could be prevented by performing 10 min of prewarm-
ing combined with conventional intraoperative active
warming with a forced air warming system in patients un-

dergoing gynecologic laparoscopic surgery.

MATERIALS AND METHODS

This study was approved by the Institutional Review
Board of our hospital (no. CR-18-174) and registered at
ClinicalTrials.gov (no. NCT04027842). We enrolled patients
between the ages of 19 and 75 years with American Society
of Anesthesiologists physical status 1 or 2 who underwent
gynecologic laparoscopic surgery under general anesthe-
sia. Criteria for exclusion from this study were preexisting
hypothermia (< 36T) or hyperthermia (> 37.5C), anes-
thesia lasting for < 1 h or > 2 h, and conversion from lapa-
roscopic surgery to laparotomy. We also excluded patients
with a body mass index (BMI) > 31 kg/m” and known thy-
roid disease. With written informed consent, eligible pa-
tients were randomly assigned to one of two groups using a
computerized random number generator (http://www.
randomization.com). An assistant put the patient’s alloca-
tion into a sealed opaque envelope, which was opened im-
mediately after the patient entering the operating theater.

Prewarming was done on the operating table before an-
esthesia induction. Core body temperature was measured
using an infrared tympanic thermometer (ThermoS-
can-IRT6520, Braun GmbH, Germany) when the patients
were not intubated. After intubation, an esophageal ther-
mometer (ST probe EST16, S&S Med, Korea) was used for

measuring core body temperature. The core body tempera-
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ture of all the patients was measured using an infrared
tympanic thermometer as soon as the patient arrived at the
operating theater.

In the non-prewarming group, induction was done im-
mediately after measuring the core body temperature us-
ing an infrared tympanic thermometer. In the prewarming
group, patients were warmed preoperatively with a forced
air warming device (WarmTouch WT 6000 Warming Unit,
Medtronic, USA) for 10 min in the operating theater. After
10 min of prewarming, the tympanic body temperature
was measured, and anesthesia was induced promptly. In
both groups, forced air warming was performed over the
entire body with a cotton blanket from the time of anesthe-
sia induction.

Total intravenous anesthesia was administered using
propofol and remifentanil with a target effect-site concen-
tration controlled infusion (Orchestra Base Primea, Frese-
nius Vial, France), which was set by the Schneider model
for propofol and the Minto model for remifentanil. To in-
duce anesthesia, the effect site concentration was targeted
with 4 pg/ml of propofol and 4 ng/ml for remifentanil. Ro-
curonium (0.8 mg/kg) was administered as neuromuscular
blocking agent at the induction.

Patients were intubated when train-of-four (TOF) count
became 0 and Bispectral index (BIS) below 60. TOF count
was measured every 5 min and BIS was monitored through-
out the procedure.

After intubation, we inserted an esophageal thermome-
ter and the patients’ temperatures were recorded at 15 min
intervals until the end of the surgery using the esophageal
thermometer. Also, the warming areas were switched from
the whole body to the upper trunk and extremities to allow
access to the surgical field. Active warming was continued
until the patients left the operating theater, unless the core
body temperature was > 37C, due to concern for patient
safety.

The ambient temperature of the operating theater was
maintained between 21-22C by the hospital central con-
trol system. The warming device for intravenous and irriga-
tion fluid was not used, and all the administered fluids
were kept at room temperature.

After the patients were transferred to the post-anesthetic
care unit (PACU), core body temperature was measured by
a tympanic membrane thermometer and postoperative
shivering was graded by an researcher who was blinded to
the procedure in the operating room. Shivering was divid-

ed into four grades (0 = none, 1 = mild, 2 = moderate, 3 =
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severe: The Bedside Shivering Assessment Scale) [13].

The primary outcome was the incidence of intraopera-
tive hypothermia, defined by core body temperature <
36C. We recorded the body temperature at each time point
and counted the number of patients whose core tempera-
ture was < 36C while under anesthesia. The secondary
aim was time-prewarming interaction for the initial hour of
anesthesia to analyze the effect on redistribution hypother-
mia. In addition to body temperature and shivering grade,
demographic and baseline characteristics were recorded.
We also recorded ambient temperature, estimated blood
loss, input of intravenous fluid, and the amount of irriga-
tion fluid.

The number of patients required for this study was based
on a preliminary study. In the preliminary study, 28 pa-
tients undergoing gynecologic laparoscopic surgery were
randomly allocated at a ratio of 1:1 to either the non-pre-
warming or 10 min-prewarming groups. Ten of the 14 pa-
tients in the non-prewarming group and 2 in the prewarm-
ing group suffered intraoperative hypothermia. Based on
this result, we calculated the sample size to achieve 80%
statistical power with an alpha error rate of 0.05 (two-
tailed) and 24 patients per group were required. Consider-
ing a 10% dropout rate, the total sample size was 27 pa-
tients for each group.

All data were statistically analyzed using IBM SPSS statis-
tics for Windows version 25 (IBM corp., USA). Normally
distributed continuous data are shown as mean * standard
deviation and compared using the student's ¢-test. Contin-
uous variables that were not normally distributed are de-
scribed as median (1Q, 3Q) and were compared via the
Mann-Whitney U test. Comparison of categorized vari-
ables are presented as number of patients (%) and ana-
lyzed with the chi-squared test. To determine the time-pre-
warming interaction, a repeated-measures ANOVA was
performed with ‘time’ as the repeated measure and ‘pre-
warming’ as a factor, followed by the Bonferroni correc-
tion.

RESULTS

Of the 54 participants, 2 were excluded because the du-
ration of anesthesia was < 1 h. In addition, one patient’s
procedure was changed to a laparotomy during the surgery
and was excluded from the analysis (Fig. 1).

Age, height, weight, BMI, American Society of Anesthesi-

ologists physical status, type of surgery, ambient tempera-
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ture, duration of anesthesia, operating time, blood loss,
amount of administered fluid, and irrigation fluid were
similar in the two groups (Table 1).

The incidence of intraoperative hypothermia was higher
in the non-prewarming group (73.1%) than in the pre-
warming group (24%) (P < 0.001) (Table 2). Core body
temperature on arrival in the operating theater (P = 0.168)
and before induction (P = 0.614) did not differ significantly
between the two groups and the 10 min prewarming did
not significantly increase core body temperature (P =
0.534). However, the core body temperature of the
non-prewarming group was lower at the end of the surgery
(P < 0.001). There were significant differences in core tem-
perature changes between the non-prewarming and pre-
warming groups (P < 0.001) (Fig. 2). Postoperative shiver-
ing occurred less in the prewarming group in the PACU
(Table 2; 30.8% vs. 4.0%; P = 0.024).

DISCUSSION

Prewarming for 10 min before induction on the operat-
ing table combined with the intraoperative warming was
an effective method to prevent hypothermia in patients
undergoing gynecologic laparoscopic surgery.

In gynecologic laparoscopic surgery, IPH is a common
problem. The minimally invasive procedure was predicted

Assessed for eligibility (n = 56)

Excluded (n = 2)
Not meeting inclusion criteria (n = 1)
Declined to participate (n = 1)
Other reasons (n = 0)

v
| Randomized (n = 54) |

v
v v

Non-prewarming group (n = 27) Prewarming group (n = 27)

o Received allocated intervention Received allocated intervention
(n=27) (n=27)

o Did not receive allocated Did not receive allocated
intervention (n = 0) intervention (n = 0)

Discontinued intervention (n = 0) | | Discontinued intervention (n = 0)

v

Analyzed (n = 25)
Excluded from analysis

(duration of anesthesia < 1 h, and the
change in the surgical approach from
laparoscopic to open surgery) (n = 2)

Analyzed (n = 26)
Excluded from analysis
(duration of anesthesia <1 h) (n=1)

Fig. 1. CONSORT flow diagram of the study.
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Table 1. Demographic and Clinical Characteristics of the Patients

Variable Non-prewarming (n = 26) Prewarming (n = 25) P value

Age (yr) 455+ 92 444 %95 0.676
Height (cm) 159.0 * 6.2 159.3 + 5.0 0.906
Weight (kg) 60.0 * 6.6 60.3 + 85 0.888
BMI (kg/m?) 238 + 34 23.7 £ 31 0.937
ASA classification 0.091

1 21 (80.8) 24 (96.0)

2 5(19.2) 1(4.0)
Type of surgery 0.865

Hysterectomy 13 (50.0) 11 (44.0)

Myomectomy 3(11.5) 4(16.0)

Cystectomy 10 (38.5) 10 (40.0)
Ambient temperature (°C) 22.1(21.4,22.9) 22.3(21.8,22.8) 0.917
Duration of Anesthesia (min) 90.3 £ 14.4 88.3 £ 17.6 0.659
Duration of Surgery (min) 611 £ 16.2 61.3 + 16.4 0.971
Estimated blood loss (ml) 50.0 (27.5, 85.0) 50 (30.0, 90.0) 0.992
Fluid input (ml/kg/h) 4.7 (3.7,6.5) 5.5(4.2,72) 0.371
Irrigation of fluid (ml/kg/h) 147 £ 5.1 135+ 4.2 0.365

Values are presented as mean + SD, number (%), or median (1Q, 3Q). BMI: body mass index, ASA classification: American Society of

Anesthesiologists physical status classification system.

Table 2. Incidence of Intraoperative Hypothermia and Shivering in PACU and Shivering Grade

Variable Non-prewarming (n = 26) Prewarming (n = 25) P value

Intraoperative hypothermia (< 36°C) 19(73.0) 6(24.0) < 0.001
Incidence of shivering in PACU 8(30.8) 1(4.0) 0.024
Shivering grade

0 18(69.2) 24 (96.0)

1 8(30.8) 1(4.0)

2 0(0) 0(0)

3 0(0) 0(0)

Values are presented as number (%). Shivering was graded based on the Bedside Shivering Assessment Scale (O = none, 1 = mild: shivering
localized to the neck and/or thorax only, 2 = moderate: shivering involves gross movement of the upper extremities, 3 = severe: shivering involves
gross movements of the trunk and upper and lower extremities). PACU: post-anesthetic care unit.

to reduce intraoperative heat loss compared with open sur-
gery which exposes the viscera. However, there were no
significant differences in intraoperative body temperatures
between laparoscopic and open surgeries [14,15]. This is
because laparoscopic surgery, unlike open surgery, re-
quires carbon dioxide (CO,) gas for abdominal inflation.
CO, gas is conventionally used at a temperature of 21C
with no extra warming [16]. There was also a report that
women had a higher incidence of hypothermia than men
[17]. In addition to this, because gynecologic laparoscopic
surgery necessitates the lithotomy position, very limited
body surface area, including part of the upper trunk and
both upper extremities, can be warmed with the forced air
warming system.

Previous studies showed that intraoperative active

warming alone is not enough to maintain normothermia
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and emphasized the importance of prewarming [18,19].
Accordingly, our study results correspond well with those
findings. Intraoperative warming with a forced air warming
system did not effectively prevent intraoperative hypother-
mia in patients undergoing gynecologic laparoscopic sur-
gery. Ideally, 30 min of prewarming and a combination of
various methods such as warming intravenous fluid and
humidifying respiratory gases with intraoperative forced
air warming are most helpful to maintain normothermia
during surgery [11,18]. However, it is not always possible to
apply all these methods in clinical practice. A forced air
warming system is now commonly used in most centers
and 10 min was an acceptable amount of prewarming time
[12]. This is reason why we chose 10 min-prewarming as an
additional way to prevent IPH.

To keep the final core temperature in the normal range,

www.anesth-pain-med.org



Effects of 10-min prewarming

—— Non-prewarming

37.0 —=— Prewarming
36.8 -
O 366
o
2 364
@
£
36.2 -
@
]
8 360 -
c
3
S 358
35.6 -
35.4 T T T T T T T T T T T 1
I T L G S I SRR S S Be
& S S SR
A A
<& & & & K
&« NS
& & ¥ ¢
X
& Time (min)
«<\
v

Fig. 2. Mean core body temperature during the perioperative period in the non-prewarming (¢) and prewarming groups (=). Temperatures at the
arrival in the operating theater, before induction, and at the arrival in the post-anesthetic care unit (PACU) are tympanic membrane temperatures;
temperatures at other time points are esophageal temperatures. Half error bars represent the SD (*P < 0.05).

we consider 10 min prewarming beneficial, especially for
patients undergoing surgery for about 1 hour according to
the present results. During long operations, patients tend
to be normothermic at the end of surgery because core
temperatures start to rise after thermal redistribution is
completed if patients are kept well warmed [19]. However,
in shorter procedures, especially those for about 1 h, it is
more difficult to avoid hypothermia at the end of surgery
compared to longer operations [19].

One of the differences compared to previous short-term
prewarming studies is the location where prewarming was
performed [20,21]. In this study, patients were warmed
preoperatively in the operating table and that may have
had beneficial influence on the results. Although further
studies are needed to compare the actual amount of heat
among patients prewarmed in other locations, it is likely
that the prewarming location affects the quality of warm-
ing, particularly in prewarming for a short period. If pa-
tients are warmed preoperatively in an environment other
than the operating table, active warming cannot be main-
tained during the transfer to the operating theater. This re-

sults in patients losing part of the thermal energy obtained
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by the short period of prewarming. In contrast, if the pre-
warming is done in the operating table, the gap between
prewarming and induction disappears, which enables less
net heat loss.

There are limitations in the interpretation of our results.
We used an infrared tympanic thermometer to measure
the core body temperature before patients were intubated,
and esophageal temperature was measured only after tra-
cheal intubation. Controversy exists regarding accuracy of
a tympanic thermometer on assessing core body tempera-
ture. There may be a difference between the actual core
body temperature and the temperature we measured with
the tympanic thermometer. However, we tried to minimize
the bias by using the average of the bilateral tympanic tem-
peratures, according to the recommendation of a previous
study [22]. Another limitation is that double blinding was
impossible with our study design. The researchers were
blinded, but patients knew which group they belonged to.
Nevertheless, since data with the patients’ subjective in-
volvement was not collected, it is unlikely that this factor
had an impact on our outcome. One more limitation is that

we did not measure the peripheral temperature and heat
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content. Core to peripheral redistribution hypothermia de-
pends on the temperature gradient between the core and
peripheral compartments. Although we did not measure
peripheral temperature, prewarming can reduce the nor-
mal core to peripheral heat gradient by raising the periph-
eral temperature. This can reduce the heat redistribution
that occurs after inducing anesthesia.

In conclusion, among patients undergoing gynecologic
laparoscopic surgery, warming patients for 10 min preop-
eratively on the operating table is associated with better
management of perioperative body temperature and can

prevent intraoperative hypothermia.
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