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ABSTRACT

Background: Perioperative hypothermia is a frequent complication of anesthesia, associated with delayed recovery, cardiovascular stress, infection,
and coagulopathy. Current guidelines recommend active prewarming devices for at least 30 minutes before anesthesia induction; however, this
duration is often impractical in routine clinical settings. Evidence suggests shorter prewarming may be beneficial, though data in gynecologic surgery
with combined regional and general anesthesia are limited.

Objective: To compare the change in body temperature after anesthesia induction between patients receiving 5 minutes of prewarming and those
without prewarming. Secondary objectives were to evaluate the incidence of intraoperative hypothermia, postoperative shivering, surgical site
infections, and cardiovascular adverse effects.

Materials and Methods: A prospective randomized controlled trial was conducted in 39 patients undergoing elective gynecologic abdominal surgery
with combined general-regional anesthesia. Patients were randomized to receive either 5 minutes of prewarming with an underbody forced-air blanket
at 43°C or no prewarming. Core temperature was measured using the 3M™ Spot-On™ system 60 minutes following anesthesia induction. Data were
specifically recorded at induction and every 5 minutes until the conclusion of surgery. Statistical analyses were performed with significance set at
p-value less than 0.05.

Results: The prewarming group demonstrated a significantly smaller decrease in body temperature at 60 minutes (0.48°C vs. 0.92°C, mean difference
-0.44°C,95% CI-0.67 to -0.20, p<0.001). However, there were no significant differences in the incidence of intraoperative hypothermia, postoperative
shivering, surgical site infections, or cardiovascular complications.

Conclusion: Brief prewarming with a forced-air underbody blanket reduced early intraoperative temperature decline but did not decrease the
overall incidence of hypothermia or related complications. Short-duration prewarming may provide limited thermal benefit, though further studies
are required to establish its clinical significance.
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Hypothermia is defined as a core temperature
below 36°CY signifies a significant deviation from
the body’s normal thermoregulatory state. Under
physiological conditions, the body diligently maintains
its core temperature within the narrow range of 36.7°C
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to 37.1°C. However, this regulation is hindered during
general anesthesia, exacerbated by the effects of
anesthetic agents. Consequently, vasodilation occurs,
resulting in the redistribution of heat from the body’s
core to its periphery. The substantial occurrence of

What is already known about this topic?

Active prewarming for at least 30 minutes before anesthesia induction is
recommended, even when baseline core temperature is 236.0°C. Evidence
from previous studies demonstrates that forced-air prewarming increases
peripheral tissue temperature, thereby reducing the core-to-peripheral
temperature gradient. This mechanism limits redistribution hypothermia
and helps maintain perioperative normothermia

What does this study add?

This study shows that a brief period of prewarming with a forced-air
underbody blanket attenuates the early intraoperative decline in core
temperature. However, short-duration prewarming did not significantly
reduce the overall incidence of hypothermia or related complications,
suggesting that its thermal benefits may be limited.
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hypothermia following general anesthesia, ranging
from 50% to 80%, underscores its critical implications
for patient safety and postoperative outcomes'".

The effects of both general anesthesia and regional
anesthesia contribute to the occurrence of hypothermia
in patients'?. The combination of general and regional
anesthesia, in particular, is recognized as a significant
risk factor for intraoperative hypothermia®. These
consequences include delayed drug metabolism and
elimination, contributing to prolonged recovery from
anesthesial”. Moreover, hypothermia affects the
cardiovascular system by inducing shivering, which
elevates oxygen demand and stimulates the release
of catecholamines, leading to myocardial ischemia®.
Additionally, hypothermia compromises the immune
system by inducing tissue hypoxia, which makes
the surgical wound more susceptible to infection ®.
Furthermore, hypothermia disrupts blood coagulation,
leading to abnormal platelet function'” .

Despite the recognized risks, the incidence of
hypothermia remains high, suggesting that current
preventive measures are either insufficient or not
adequately implemented in clinical practice®.
According to the recommendations for preventing
hypothermia outlined in the National Institute for
Health and Care Excellence (NICE) guidelines? it is
advisable for patients to maintain a core temperature
above 36.0°C before undergoing surgery, which can
be achieved through the use of warming devices.
Furthermore, active warming should be implemented for
aminimum of 30 minutes prior to anesthesia induction,
regardless of whether the patient’s temperature meets
or exceeds 36.0°C. Studies by Erdling & Johansson",
Sessler et al.("?), Parameeanon'® have shown that
prewarming with forced-air blankets for 30 minutes
can elevate peripheral tissue temperature, reducing
the core-to-peripheral tissue temperature gradient and
minimizing heat loss during redistribution*.

In a study conducted by Horn et al.(') it was
discovered that patients who utilized an upper-body
blanket for 10 minutes before anesthesia induction
experienced similar reductions in hypothermia
compared to those who used the blanket for 30
minutes. Additionally, research by Furuichi &
Sakamoto'® demonstrated that using an underbody
blanket was more effective in reducing hypothermia
than using a full upper body blanket. Systematic
reviews support the role of preoperative warming
in maintaining normothermia’®. We observed that
prewarming durations of 10-30 minutes might be too
lengthy, potentially causing inconvenience for staff.
Therefore, we suggest that reducing the prewarming
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time, particularly by using an underbody blanket, may
be more practical. Furthermore, due to the limited
scope of research on prewarming’s effects on patients
undergoing combined general regional anesthesia,
a demographic at high risk of hypothermia, the
authors initiated a study to assess whether reducing
prewarming time using underbody blankets could
effectively prevent hypothermia in this population.

OBJECTIVE

The authors aimed to compare the mean change
in core body temperature from baseline (the mean
difference in body temperature) following anesthesia
induction between patients receiving 5 minutes of
underbody forced-air prewarming and a control
group without prewarming. Secondary objectives
included the evaluation of intraoperative hypothermia,
postoperative shivering, surgical site infections (SSIs),
and cardiovascular adverse effects.

MATERIALS AND METHODS
Ethics and Study Design

Following approval by the Research Ethics
Committee of Srinakharinwirot University (Research
Project Certificate No. SWUEC/F-028/2564), the
authors initiated a prospective randomized controlled
trial at the HRH Maha Chakri Sirindhorn Medical
Center. The recruitment period extended from 25 June
2021 to 31 May 2022.

Participants

The study enrolled 40 patients undergoing
elective open gynecologic surgery under combined
general-regional anesthesia. Inclusion criteria were the
American Society of Anesthesiologists (ASA) Physical
Status Classification I-I1I, aged 18-65 years, and body
mass index (BMI) of 18.0-34.9 kg/m?. Exclusion
criteria included current infection or tympanic
membrane temperature >37.5°C (fever) or <36°C
(hypothermia) upon arrival at the preoperative holding
area, history of thyrotoxicosis or thyroid disease,
substance abuse or alcoholism, pregnancy, and the
use of paracetamol or non-steroidal anti-inflammatory
drugs (NSAIDs) within 24 hours prior to surgery.
Patients were also excluded for contraindications
to regional anesthesia, including patient refusal of
epidural placement, coagulopathy, thrombocytopenia,
anticoagulant therapy, local anesthetic allergy, or
significant spinal deformity.

Sample Size
The sample size calculation for this study was
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derived from prior research by De Witte et al.'”. In
their study, the mean temperatures were set at 35.9°C
for the control group and 36.2°C for the forced-air
warming group, with a standard deviation of 0.3. The
type I error (alpha) was set at 5%, and the power (beta)
was set at 80%. However, considering the potential
for a 20% dropout rate, we opted for a sample size
of 20 patients in each group, resulting in a total of 40
patients for this study.

Following informed consent, 39 patients were
randomly allocated to either the control (C) or
prewarming (P) group in a 1:1 ratio using a computer-
generated simple randomization sequence. Allocation
was concealed in sealed, opaque envelopes until
the time of intervention. Due to the nature of the
intervention, the attending anesthesia providers could
not be blinded; however, the investigators responsible
for outcome assessment and data analysis remained
blinded to group allocation to minimize bias.

Outcomes

The primary outcome is the mean difference in
core body temperature between groups at 60 minutes
after the induction of anesthesia, evaluating the
efficacy of prewarming in mitigating redistribution
hypothermia.

Secondary outcomes include the incidence
of intraoperative hypothermia (core temperature
<36°C), the occurrence of postoperative shivering,
the rate of SSIs within 30 days, and the frequency
of intraoperative cardiovascular adverse effects,
specifically hypotension and cardiac arrhythmias.

Study Protocol

Upon arrival at the preoperative holding area, a
baseline forehead temperature was measured using a
3M™ Spot On™ non-invasive thermometry system.
Patients in the group C received standard perioperative
care without preoperative warming. In contrast,
patients in the group P were treated with an underbody
forced-air warming blanket set at 43.0°C for 5 minutes
immediately prior to the induction of anesthesia. To
standardize thermal management, all participants
received intraoperative hydration with an isotonic
solution. This fluid was stored in a warming cabinet
maintained at 40.0°C.

When patients entered the operating room,
they underwent standard monitoring. Following
this, both groups of patients underwent epidural
catheter placement at the T12-L3 level, positioning
the catheter tip in the epidural space 4-5 cm deep,
and administering a test dose of 2% lidocaine with

epinephrine 1:200,000, 3 mL. After completing the
epidural catheter placement, the underbody warming
blanket at 43.0°C was applied for 5 minutes in group P,
while the warming blanket was turned off for 5 minutes
in group C. Body temperature was recorded every 5
minutes until the end of surgery. Vital signs—heart
rate (HR), non-invasive blood pressure (NIBP), mean
arterial pressure, and oxygen saturation (SpO2), every
5 minutes until the end of surgery.

Standardized general anesthesia was induced
using intravenous propofol (1-3 mg/kg) and fentanyl
(1-2 pg/kg), with neuromuscular blockade achieved
via cisatracurium (0.15 mg/kg). Anesthesia was
maintained with sevoflurane (0.5-1.5 MAC) in a 50%
N:0/O- mixture. For intraoperative analgesia, an
epidural infusion of 0.125% to 0.15% bupivacaine was
administered at 3-6 mL/hour. Intraoperative thermal
management was standardized for both groups: a
forced-air warming blanket was activated at 43.0°C
at the start of surgery. The blanket temperature was
titrated to 32.0°C if the core temperature exceeded
36.8°C. In the event of persistent hypothermia
(<36.0°C), the blanket was maintained at 43.0°C as
a rescue measure; no other warming adjuncts, such
as heated humidifiers or increased ambient operating
room temperature, were employed.

Upon completion of the surgery, sevoflurane
was discontinued, and neuromuscular blockade
was reversed with neostigmine (0.05 mg/kg) and
atropine (0.02 mg/kg). Extubation was performed
at the anesthesiologist’s discretion, and patients
were subsequently transferred to the post-anesthesia
care unit (PACU). In the PACU, patients exhibiting
shivering or a core temperature <36.0°C were treated
with a forced-air warming blanket at 43.0°C. If
symptoms persisted for 10-15 minutes, pethidine
(20 mg IV) was administered as rescue therapy. All
postoperative adverse effects and clinical outcomes
were documented for both groups.

Patients were excluded if the surgical duration was
less than 60 minutes or if epidural failure occurred—
defined as unsuccessful catheter placement or an
inadequate sensory block to cold or pinprick prior to
induction.

Statistical Analysis

Statistical analysis was conducted using IBM
SPSS Statistics, version 21.0 (IBM Corp., Armonk, NY,
USA). Descriptive statistics were utilized to present
frequency and percentage for categorical data. The chi-
square test was applied to examine differences between
the two groups. For normally distributed quantitative
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Figure 1. CONSORT diagram of patient flow through the study.

data, the mean and standard deviation (SD) were
calculated and presented, with differences between
the groups assessed using the independent t-test. Non-
normally distributed quantitative data were presented
using the median and interquartile range (IQR), and
differences between groups were evaluated using the
Mann-Whitney U test. A significance level of p-value
less than 0.05 was considered statistically significant.

RESULTS

A study conducted between June 2021 and May
2022 at the HRH Maha Chakri Sirindhorn Medical
Center, involving 39 patients undergoing elective
open gynecologic surgery with combined general-
regional anesthesia, divided the patients into two
groups: a prewarming group of 20 patients who
received prewarming for 5 minutes before anesthesia
induction, and a non-prewarming group of 19 patients
(Figure 1). It was found that the demographic and
perioperative data in both groups, including age, BMI,
ASA classification, diagnosis, operative time, room
temperature, body temperature, epidural level, blood
loss, fluid volume used, and urine output, showed
no statistically significant differences between the
two groups. Baseline demographic and perioperative
characteristics are presented in Table 1.

A significant difference was found between the
two groups in the mean difference of body temperature
at 60 minutes after anesthesia induction, as measured
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by the 3M™ Spot-On™ Temperature system. The
mean core temperature difference in the prewarming
group was 0.48°C, whereas in the non-prewarming
group it was 0.92°C, indicating a difference of —0.44°C
(95% CI-0.67 to —0.20, p<0.001) (Table 2).

No significant difference was found between the
two groups in terms of the incidence of hypothermia
during anesthesia (Table 3).

When comparing the incidence of postoperative
hypothermia and complications, no significant
difference was found between the two groups (Table 4).

DISCUSSION

The authors found that the body temperature at
60 minutes after anesthesia induction decreased more
in the non-prewarming group by 0.92°C, compared
to the prewarming group by 0.48°C. This significant
difference of 0.44°C aligns with the research by Chung
et al.'® which studied patients undergoing cesarean
section with spinal block. They found that prewarming
for 15 minutes resulted in a statistically significant
reduction in the change in core temperature in the
prewarming group.

This finding is also consistent with the research
by Jun et al.'”); who studied patients undergoing
prostate surgery under spinal block. They found that
prewarming for 20 minutes resulted in a statistically
significant reduction in the change in core temperature
in the prewarming group. Additionally, research
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Table 1. Baseline characteristics of patients undergoing gynecologic surgery under combined GA and epidural block, comparing pre-
warming and non-prewarming groups

Variable Group P (n=20) Group C (n=18) p-value
Age (years); mean [SD] 56.15[13.90] 54.94 [12.33] 0.78
BMI (kg/m2); mean [SD] 25.39 [4.13] 24.82 [4.82] 0.70
ASA physical status; n (%) 0.75

I 5 (25.0) 3 (16.67)

1 9 (45.0) 11 (61.11)

11 6(30.0) 4(22.22)
Diagnosis; n (%) 0.46

Ovarian cancer 11 (55.00) 12 (66.67)

Endometrial cancer 9 (45.00) 6(33.33)
Operative time (minutes); mean [SD] 160.50 [37.10] 171.67 [41.20] 0.39
Room temperature (°C); mean [SD] 22.89 [1.23] 22.71[1.65] 0.71
Body temperature at preoperative holding area (°C); mean [SD] 36.81 [0.42] 36.83 [0.42] 0.87
Epidural level; n (%) 1.00

Thoracic-level 10 (50.00) 9 (50.00)

Lumbar-level 10 (50.00) 9 (50.00)
2% lidocaine with adrenaline bolus dose (mL); mean [SD] 5.20[0.83] 4.94[0.42] 0.23
Blood loss (mL/kg); mean [SD] 5.81 [4.25] 9.85[10.39] 0.14
Crystalloid (mL/kg); mean [SD] 37.51[11.86] 41.47 [11.87] 0.31
Colloid use; n (%) 2(10.00) 1(5.56) 0.61
Blood component use; n (%) 1(5.00) 5(27.78) 0.08
Urine output (mL/kg); mean [SD] 2.52 (1.55) 2.78 (1.46) 0.60

BMI=body mass index; ASA=American Society of Anesthesiologists; SD=standard deviation

Table 2. The reduction of BT at 60 minutes from baseline after anesthesia induction between groups

Group P (n=20) Group C (n=18) Diff. (95% CI) p-value
Mean difference of body temperature at 60 minutes (°C); mean [SD] 0.48 [0.40] 0.92 [0.31] -0.44 (-0.67 to -0.20) <0.001
SD=standard deviation; CI=confidence interval
Table 3. Incidence of intraoperative hypothermia
Group P (n=20) Group C (n=18) p-value
Incidence of intraoperative hypothermia; n (%) 8(40.00) 10 (55.56) 0.16

Table 4. Incidence of postoperative hypothermia and complications

Variable Group P (n=20) Group C (n=18) p-value
Postoperative hypothermia; n (%) 0(0.0) 1(5.6) 0.31
Shivering; n (%) 0(0.0) 0 (0.0) -
Nausea/vomiting; n (%) 3(15.0) 1(5.6) 0.61
Cardiovascular complication (hypotension and cardiac arrhythmias); n (%) 0(0.0) 0 (0.0) =
Surgical site infection (within 30 days); n (%) 0(0.0) 1(5.6) 0.31
Renal complication; n (%) 1(5.0) 0 (0.0) 1.00
Length of hospital stay (days); mean [SD] 5.7 [2.57] 6.5[3.98] 0.46

SD=standard deviation

by Lee et al.?%, which studied patients undergoing  anesthesia, found that prewarming for 10 minutes
gynecologic laparoscopic surgery under general significantly reduced the change in core temperature

] Med Assoc Thai | Volume 109 No. 10 | OCTOBER 2026
http://www.jmatonline.com

812



Journal of the Medical Association of Thailand

in the prewarming group. Our results align with those
of Kaufner et al.*"), suggesting that pre-warming at
43°C, even for a brief 5-minute window during the
establishment of epidural anesthesia, is sufficient
to mitigate perioperative hypothermia in high-risk
patients. This indicates that prewarming for at least
5 minutes can reduce the change in core temperature.
This effect may be due to the fact that, during the
initial hours of anesthesia, the body loses heat through
core-to-peripheral redistribution. The extent to which
the core temperature decreases depends on the core-to-
peripheral tissue temperature gradient. Using a forced-
air warming blanket before surgery (prewarming) at
the appropriate time can increase the heat in peripheral
tissues and reduce the core-to-peripheral tissue
temperature gradient, thereby minimizing heat loss
during the redistribution phase!*.

However, the results of this study differ from
the research conducted by Shenoy et al.*?); which
investigated patients undergoing major abdominal
surgery under general anesthesia using a full-body
warming blanket set at 40°C for 60 minutes. They
found no significant difference in core temperature
change between the prewarming and control groups.
Similarly, research by Plengpanich et al.*®) involving
non-anesthetized volunteers found that 10 minutes of
pre-warming at 38°C did not reduce the incidence of
hypothermia. This lack of effect may be attributed to
the fact that non-anesthetized subjects retain intact
thermoregulatory mechanisms, and the 38°C setting
used in that study was lower than the temperature used
in our protocol. Furthermore, Yoo et al.**) reported that
10 minutes of pre-warming at 47°C failed to reduce
the incidence of hypothermia in patients undergoing
elective surgery. This may be explained by the
high temperature of the pre-warming environment;
as ambient temperature increases, the rate of heat
loss from the patient to the surroundings decreases,
potentially limiting the effectiveness of forced-air
warming if the thermal gradient is not managed
effectively. Consequently, these discrepancies suggest
that pre-warming may not always prevent heat loss as
anticipated, depending on the surgical context, patient
physiological state, and temperature settings used.

Regarding the incidence of intraoperative
hypothermia, we observed a lower rate in the pre-
warming group compared to the control group (40%
vs. 55.56%); however, this reduction did not reach
statistical significance. This finding contrasts with
the results reported by Lee et al.*” who observed a
significant reduction in hypothermia among patients
undergoing gynecologic laparoscopic surgery after 10
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minutes of pre-warming.

The discrepancy between our findings and those
of Lee et al.?” may be attributed to several factors.
First, the mean duration of anesthesia in our study
was considerably longer (160-170 minutes) than in
their study (approximately 88-90 minutes). Prolonged
anesthesia, particularly durations exceeding two hours,
is a well-documented risk factor for perioperative
hypothermia'®*). Second, our cohort received combined
general-regional anesthesia, which carries a higher risk
of hypothermia than the general surgical population®.
Finally, since pre-warming primarily mitigates the
initial redistribution phase of heat loss, its protective
effects may have been overwhelmed by the higher
baseline risk and extended procedural length of our
study population compared to previous research.

In the recovery room, the incidence of postoperative
hypothermia and complications remained low and did
not differ significantly between groups. While one
patient in the control group experienced postoperative
hypothermia, no cases were observed in the pre-
warming group. Similarly, there were no significant
differences in the incidence of shivering, nausea, or
vomiting, which may be attributed to the consistent
use of forced-air warming blankets for both groups
throughout the intraoperative period. Furthermore,
other postoperative complications, including SSIs
and renal complications, occurred at low, statistically
comparable rates between the two cohorts.

The results of our study indicate that during the
initial hours of surgery, there is a rapid loss of heat
primarily due to core-to-peripheral redistribution.
The extent of heat loss depends on the core-to-
peripheral tissue temperature gradient. Prewarming
for an appropriate duration of approximately five
minutes or more can increase the heat in peripheral
tissues, thereby reducing the core-to-peripheral tissue
temperature gradient and minimizing heat loss during
the redistribution phase. Using an active warmer is
highly effective in reducing heat loss, as about 90% of
heat is lost through the skin®”. If an underbody warmer
blanket is used, the increased surface contact with the
skin further enhances this efficiency.

This method is suitable for patients at high risk
of developing hypothermia, such as those undergoing
open surgery combined with general-regional
anesthesia. For these patients, a longer duration of
anesthesia further increases the risk of hypothermia,
and prewarming may be less effective.

This study has several limitations that should be
considered when interpreting the results. First, we did
not assess the specific sensory block level during the
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administration of epidural anesthesia; consequently,
the exact anesthetic level for each patient remained
unknown, which could result in varying degrees
of vasodilation among participants and potentially
influence the rate of heat redistribution. Furthermore,
the final analyzed sample size was slightly smaller
than originally planned due to post-enrollment factors.
While 40 patients were initially enrolled, one was
excluded due to post-enrollment ineligibility (fever),
and another patient in the control group was excluded
from analysis for failing to follow the medication
protocol, leaving a final cohort of 20 patients in the
pre-warming group and 18 in the control group. This
limited sample size may reduce the statistical power
to detect differences in secondary outcomes or rarer
complications. Finally, while our findings demonstrate
the efficacy of a 5-minute pre-warming period, the
study was conducted on a specific high-risk cohort
undergoing major surgery under combined general-
regional anesthesia; therefore, these results may not
be fully generalizable to lower-risk populations or
different surgical contexts.

CONCLUSION

Brief pre-warming for 5 minutes with an
underbody forced-air blanket at 43°C significantly
mitigated the initial core body temperature drop in
patients undergoing major surgery under combined
anesthesia. It did not statistically reduce the overall
incidence of intraoperative hypothermia due to the
high-risk nature and long duration of the procedures.
Short-duration prewarming may provide limited
thermal benefit, though further studies are required to
establish its clinical significance.
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