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Strategies for perioperative hypothermia 2
management: advances in warming
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Abstract

Perioperative hypothermia is a frequent clinical complication resulting from the cold environment of the operating
room and prolonged skin exposure, leading to adverse outcomes and increased healthcare burdens. To address
this issue, this narrative review discusses in detail the currently common warming strategies for perioperative
hypothermia .Forced air warming (FAW) systems are widely recognized as the most effective intervention for
maintaining core body temperature. Additionally, alternative technologies, such as circulating-water mattresses,
carbon-fiber resistive heating systems, self-regulated heated air garments, self-heating blankets, and chemical heat
packs, offer diverse advantages and disadvantages. Passive warming methods, including thermal reflective blankets
and cotton blankets, provide a cost-effective solution, albeit with reduced efficacy compared to active warming
measures. Recent advancements have focused on improving both active and passive warming approaches to
balance effectiveness and cost-efficiency. While FAW remains the gold standard, other systems offer specific
benefits, such as improved portability and reduced costs, making them suitable for use in diverse clinical scenarios.
Effective perioperative temperature management reduces hypothermia-related complications, decreases healthcare
expenditures, and provides substantial social and organizational benefits. Thus, selecting the most appropriate
warming intervention in clinical practice requires a tailored approach, considering both patient-specific needs and
resource availability.
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In physiological conditions, human body temperature
remains relatively stable to facilitate the proper func-
tioning of biological processes, primarily regulated by
the thermoregulatory system [1]. This system comprises
temperature receptors (central and peripheral thermore-
ceptors), the thermoregulatory center, efferent pathways,
effectors, and mechanisms for behavioral regulation.
Temperature receptors are distributed throughout the
skin, liver, skeletal muscle, hypothalamus, and other
regions of the central nervous system, allowing for pre-
cise detection of body temperature [2]. When tempera-
ture fluctuations occur, these receptors become activated,
generating electrical signals and increasing the frequency
of action potentials in the corresponding afferent nerve
fibers, which are subsequently transmitted through spinal
pathways to the thermoregulatory center [3]. The thermo-
regulatory center, primarily located in the spinal cord and
brain—particularly within the hypothalamus—receives
and processes these signals and initiates appropriate
responses via the efferent system.

Under physiological conditions, the thermoregula-
tory center integrates inputs from both peripheral and
central thermoreceptors, coordinating with other neural
centers to regulate body temperature through three pri-
mary mechanisms: (1) regulating skin vasoconstriction
or vasodilation, as well as sweat gland activity via the
sympathetic nervous system to influence heat dissipation,
while modulating brown adipose tissue metabolism to
regulate heat production; (2) adjusting behavioral ther-
moregulation through activation of the somatic nervous
system, involving modifications in skeletal muscle activity
and tone to influence thermogenesis; and (3) regulating
the secretion of thyroid hormones, adrenaline, noradren-
aline, and growth hormone to modulate metabolic activ-
ity, thereby affecting heat production [4, 5]. Efferent
pathways and effectors encompass both autonomic
and behavioral defense mechanisms. Major autonomic
responses to cold exposure include vasoconstriction of
small arteries in the extremities, reducing skin blood flow
to minimize heat loss, along with shivering. In infants,
non-shivering thermogenesis in brown adipose tissue
serves as the primary mechanism for heat production [6].
Behavioral defenses, such as adjusting clothing, moving
actively in a cold environment, and seeking a warm and
dry shelter, are among the most effective thermoregula-
tory mechanisms, supporting autonomic regulation to
maintain core temperature near the physiological set
point [7].

It is generally accepted that a thermoregulatory set
point is located in the preoptic area/anterior hypothala-
mus, with central temperature-sensitive neurons main-
taining this set point at approximately 36.5-37.5 °C [8].
When deviations from this set point occur, the feedback
system (thermoreceptors) transmits signals of deviation
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to the central system (preoptic hypothalamus), which
then performs comprehensive analysis and activates
effectors to restore the core temperature to the set point.
During surgical procedures, a core temperature below
36 °C is defined as perioperative hypothermia, a frequent
clinical occurrence associated with delayed drug metabo-
lism, extended hospital stays, coagulopathy, increased
risk of infection, and an elevated incidence of cardiovas-
cular complications, which collectively heighten medical
risks [9-12]. Consequently, maintaining normothermia
during the perioperative period has gained substantial
clinical attention. Various warming strategies have been
developed to address this issue, encompassing both
pharmacological approaches and physical interventions.
Among these, perioperative amino acid infusion has
proven effective in maintaining body temperature, while
magnesium shows promise in reducing the incidence
of postoperative shivering [13, 14]. Although heating
anesthetic machine/ventilator gases or humidifier gases
shows promise as an approach for preventing periop-
erative hypothermia, research specifically evaluating its
effectiveness in hypothermia prevention remains lim-
ited and insufficiently directed. In this narrative review,
we focus on physical interventions and therefore provide
only a brief overview of the pharmacological aspects.

Core temperature and monitoring site
In daily life, multiple factors, including circadian
rhythms, gender, age, menstrual cycle, muscle activity,
and mental state, can lead to physiological fluctuations
in body temperature. However, under normal physi-
ological conditions, the temperature of core regions of
the human body, such as the head and deep structures
of the trunk, remains relatively stable and is tightly regu-
lated by the central thermoregulatory system. Fluctua-
tions in core temperature are generally minimal, usually
within fractions of a degree during the day, with slightly
greater variations occurring at night [15]. Peripheral tis-
sues, including the skin, subcutaneous tissue, muscles,
and extremities, are more susceptible to environmental
temperature changes and thermoregulatory responses,
particularly the skin and distal limbs, which exhibit
greater temperature variability. Notably, skin tempera-
ture is closely associated with local blood flow, and there-
fore any factor affecting vasoconstriction or vasodilation
can alter skin temperature. This makes skin temperature
a potential indicator of vascular function, which can be
useful for diagnosing peripheral vascular disease. Typi-
cally, peripheral temperature is 2—4 °C lower than core
temperature [16]. As a result, healthcare professionals
usually monitor core temperature to assess a patient’s
physiological status.

During the perioperative period, the majority of surgi-
cal patients experience varying degrees of hypothermia,
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with an incidence ranging from 4 to 90% [17, 18], pri-
marily due to anesthetic-induced inhibition of thermo-
regulatory functions, combined with prolonged exposure
of large areas of skin to the low-temperature environ-
ment of the operating room [19, 20]. A nationwide study
investigated the incidence of unintentional intraopera-
tive hypothermia in patients undergoing general anes-
thesia, along with its associated risk factors and clinical
outcomes. The overall incidence of intraoperative hypo-
thermia was 44.3%, with cumulative incidences of 17.8%,
36.2%, 42.5%, and 44.1% at 1, 2, 3, and 4 h after anesthesia
induction, respectively [21]. Studies have demonstrated
that patients are more prone to developing hypothermia
when the operating room temperature is below 21 °C
[22]. Under general or regional anesthesia, changes in
core temperature follow a characteristic three-phase
curve: the initial (redistribution) phase involves a rapid
decrease in core temperature; during the second (linear)
phase, the rate of decline slows; and finally, in the stable
phase, core temperature remains relatively constant [10].
Clinically, core temperature is regulated by balancing
heat production and heat loss. Heat is produced through
the metabolism of macronutrients in tissue cells and the
utilization of ATP. The major heat-producing organs
include the viscera—particularly the liver, which is the
most metabolically active organ at rest—and skeletal
muscles, which are responsible for the majority of heat
production during physical activity [23]. Heat loss occurs
predominantly via conduction, convection, radiation, and
evaporation [24, 25]. Total body heat is reflected in the
mean body temperature, calculated as: mean body tem-
perature=0.87 X core temperature+0.13 X skin tempera-
ture [26].

Accurate monitoring of core temperature and proper
measurement technique are essential for clinical inter-
pretation. Several scientific anesthesia societies and
patient associations recommend the monitoring and con-
trol of core temperature during procedures performed
under general or neuraxis anesthesia with a duration of
more than 30 min or during surgical intervention lasting
over one hour [27]. Pulmonary artery temperature is con-
sidered the gold standard for assessing core temperature
but is often challenging to obtain. Consequently, rectal,
oral, and axillary temperatures are frequently used as sur-
rogate measures [28]. Rectal temperature is an approxi-
mation of core temperature but can be influenced by
lower limb temperature and is inconvenient to measure.
The agreement between axillary and rectal temperature
measurements is relatively low [29]. As a result, axillary
temperature is actually a highly variable and unstable
measurement from deep body temperature. Axillary
temperature requires the removal of sweat prior to mea-
surement to avoid inaccurate readings. Anatomical sites
with good blood perfusion, such as the distal third of the
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esophagus, the tympanic membrane, and the nasophar-
ynx, are most suitable for core temperature measure-
ment. Proper placement of an esophageal temperature
probe, ideally within the lower third of the esophagus,
is critical for accuracy, as it closely approximates the
temperature of blood within the right atrium [30]. Tym-
panic membrane temperature is a good reflection of
hypothalamic temperature and can be measured using
a thermocouple-equipped tympanic probe or infrared
thermometry, although factors such as cerumen buildup
or difficulty in inserting the probe may compromise accu-
racy [31]. Tympanometry may seem simple, but to obtain
accurate results the user needs appropriate training and
expertise. The difficulty is that nearly all clinical infrared
aural canal thermometers are intentionally too large to
even fit more than a few millimeters into the aural canal
and therefore do not “see” the tympanic membrane. As
normally used, that is directed into the aural canal, infra-
red aural canal “tympanic membrane” systems essentially
measure skin temperature and therefore poorly estimate
core temperature [32].

The zero-heat-flux thermometer, a non-invasive
method introduced by Fox and Solman in 1970, esti-
mates tissue temperature by achieving a temperature
gradient-free state through the use of two thermometers
and an insulating layer, controlling heater temperature
to maintain a consistent reading [33]. Theoretically, the
temperature of subcutaneous tissue can represent core
temperature; however, deviations may occur due to con-
vective blood flow effects. Nonetheless, the forehead is
considered a suitable site for zero-heat-flux thermom-
eter use [33]. To accurately monitor changes in patient
temperature during surgery, body temperature should be
measured continuously or intermittently (at least every
15 min), and monitoring should continue in the post-
anesthesia care unit (PACU) to ensure timely warming
interventions if temperature falls below 36 °C.

Forced air warming devices

Early intraoperative warming during anesthesia induc-
tion is commonly implemented using Forced Air Warm-
ing (FAW) devices, often in combination with warmed
intravenous fluids, to mitigate the risk of intraoperative
hypothermia [34]. The use of FAW to prevent periopera-
tive hypothermia can be traced back to 1847, when von
Bibra & Harnass first documented its use in Erlangen,
Germany, one year after Thomas Green Morton con-
ducted the first general anesthesia in Boston [35]. Cur-
rently, various FAW devices are available commercially,
generally consisting of a power unit and a blanket that
transfers heated air directly to the patient’s body sur-
face, thereby reducing radiative heat loss and warming
the patient via convection [36, 37]. The transfer of heat
from an air medium to the body is less efficient than the
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transfer of heat from water of the same temperature,
which constitutes the main disadvantage of the FAW sys-
tem. The efficacy of FAW systems is largely contingent on
the design of the blanket, with an optimal blanket char-
acterized by a minimal temperature differential across its
surface. For larger (full-body) blankets, high airflow from
the power unit is particularly crucial, whereas smaller
blankets (e.g., upper body and pediatric blankets) require
lower airflow rates [35].

Full-body blankets are generally employed for pre-
operative and postoperative warming, whereas upper
body blankets are typically selected intraoperatively due
to their cost-effectiveness. However, depending on the
nature of the surgical procedure, localized warming may
be necessary. Recently, lower body blankets have been
developed to provide effective intraoperative warming
in cases where upper body blankets are challenging to
use, such as during cardiac or pediatric surgeries. Studies
have demonstrated that the use of lower body blankets
for forced air warming 60 min after anesthesia induc-
tion during abdominal surgery significantly increases
core temperature, outperforming upper body blankets
and passive insulation (average differences in core tem-
perature increase were 0.19 °C and 0.5 °C, respectively).
At 120 min post-induction, the warming effect of lower
body blankets continued to exceed that of upper body
blankets and passive insulation (average differences in
core temperature increase were 0.13 °C and 1.13 °C,
respectively) [38]. Furthermore, lower body blankets
proved more effective in preventing postoperative shiv-
ering compared to passive insulation, making them an
effective intervention for regulating core temperature
and preventing shivering in abdominal surgery patients
within the first two hours following anesthesia induction.
Additionally, the study highlighted that circulating water
mattresses were the least effective warming intervention
for abdominal surgeries [38].

In an average adult patient (70 kg, 170 cm) body sur-
face area is 1.82 m? and contact area with a underbody
forced-air warming blanket is about 1.08 m? while it is
about 0.35 m? with an upper body forced-air warming
blanket [37]. Lower body blankets cover a larger sur-
face area compared to upper body blankets, although
improper placement or the weight of the blanket may
limit its efficacy, and uncovered upper body regions may
increase radiative heat loss. Nevertheless, both blanket
types are effective in preventing intraoperative hypother-
mia, with specific choices dependent on the type of sur-
gery and the patient’s condition [37]. While FAW systems
are widely recognized as effective for perioperative hypo-
thermia prevention, certain limitations have been iden-
tified. A 2015 study found that 20 min of preoperative
forced air warming did not entirely prevent intraopera-
tive hypothermia or shivering but significantly reduced
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the severity of hypothermia. In the pre-warmed group,
no patients developed moderate or severe hypothermia,
whereas in the control group, 21% and 13% of patients
experienced moderate and severe hypothermia, respec-
tively [39]. These findings suggest that FAW systems
should be combined with additional measures to achieve
optimal outcomes in reducing perioperative hypothermia
risk [27]. A 2019 study demonstrated that pre-warming
for 15 to 30 min before transurethral resection of the
prostate (TUR) under spinal anesthesia effectively pre-
vented postoperative hypothermia compared to patients
who did not receive pre-warming. Patients who received
15 to 30 min of pre-warming experienced shorter recov-
ery times, while pre-warming for 45 min offered no addi-
tional benefits [40].

Regarding safety, some studies have raised concerns
that FAW systems may serve as a source of microbial
contamination during surgery if non-perforated blankets
are used. Approximately 40% of warmers tested positive
for pathogens such as Staphylococcus aureus, Klebsiella,
and Cryptococcus. However, when perforated blankets,
as recommended, were used, no microbial contamina-
tion was detected in the airflow, with microorganisms
primarily colonizing the interior tubing and filter sur-
faces of the warmer [41]. Subsequent studies indicated
that while FAW systems may increase the bacterial load
in the operating room air, there is no evidence to sug-
gest an increased risk of hospital-acquired infections. On
the contrary, the benefits of FAW systems in preventing
severe intraoperative hypothermia far outweigh poten-
tial infection risks, and their effectiveness has been well
documented [42, 43].

FAW systems also offer significant advantages from
an economic standpoint. Cost analyses indicate that the
total expenditure for utilizing FAW systems is $11,849.96,
compared to $14,095.13 when no warming equipment
is employed, resulting in cost savings of approximately
16% per patient ($2,245.17). Similarly, cost-effectiveness
analyses demonstrate that FAW systems can achieve
superior therapeutic outcomes while reducing overall
treatment costs [44, 45]. Budget impact analyses further
reveal that increasing the usage rate of FAW devices can
reduce direct medical costs by 7.61-13.20% [44]. In addi-
tion to these cost benefits, FAW systems provide impor-
tant social and organizational advantages. By reducing
hospital stay durations related to adverse events result-
ing from perioperative hypothermia, FAW systems lower
productivity losses, specifically decreasing social costs
by 30.77% (from $645.22 to $447.08). FAW systems also
reduce the average hospital stay from 8.45 days to 5.85
days (a reduction of 14.75-25.60%) compared to patients
without warming equipment [44], thereby improving bed
utilization and accessibility to healthcare services. More-
over, FAW systems reduce postoperative infection rates



Ji et al. BMC Surgery (2024) 24:425

and cardiovascular complications, ultimately improving
patient outcomes [46—48]. In conclusion, the appropriate
use of FAW systems not only reduces social and medical
costs, shortens hospital stays, and improves patient prog-
nosis but also effectively maintains body temperature and
prevents hypothermia-related complications [44].

Self-regulated heated air garment

In the ongoing pursuit of enhanced thermal manage-
ment, researchers have developed the self-regulated
heated air garment, a device similar in function to the
forced air warming system that aids in maintaining sur-
gical patients’ body temperature. This disposable gar-
ment is connected to a portable heating unit capable of
generating up to 1000 BTU per hour. Patients can use a
handheld controller to regulate both temperature and
airflow, within a range extending from ambient room
temperature to 43 °C to ensure better comfort during
the pre-anaesthetic and post-operative awakening tran-
sit phases. The garment can be utilized to provide ther-
mal support during the preoperative, intraoperative, and
postoperative periods, thereby enhancing thermal com-
fort, reducing postoperative pain, and decreasing opioid
consumption [49]. Postoperative pain is often linked to
preoperative anxiety, and thermal comfort is a critical
determinant of patient well-being. Sufficient warmth has
been shown to enhance patient satisfaction. Early studies
indicated that patients who received preoperative warm-
ing with a forced air heating blanket reported positive
experiences regarding warmth and comfort, along with
reduced anxiety levels [50]. The self-regulated heated air
garment, which can be used continuously throughout the
surgical process, is easy to operate and has been demon-
strated to effectively improve thermal comfort, alleviate
preoperative anxiety, and consequently reduce postop-
erative pain.

Infusion fluid warming

Infusion fluid warming is a commonly employed intra-
operative intervention, often combined with other
strategies to elevate patient body temperature, reduce
anesthesia recovery time, and enhance thermal comfort.
Unfortunately, we did not find definitive reports on infu-
sion temperatures, rates, and durations, which we believe
may be due to inconsistencies in the heating ranges of
different infusions. For example, heating at 43 °C and
up to 46 °C does not produce clinically significant ele-
vated plasma hemoglobin levels [51]. but this tempera-
ture range does not necessarily apply to other fluids. In
specific procedures, such as liposuction, patients are
exposed to low-temperature infusion or irrigation fluids
in a cold operating room, along with prolonged expo-
sure to a low-temperature environment, thereby increas-
ing the risk of intraoperative hypothermia [52]. In such
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situations, warming infusion fluids is typically adopted
by healthcare providers. While prolonged pre-warming
prior to anesthesia induction can mitigate the risk of
hypothermia, it may also interfere with surgical work-
flow. In contrast, short-term pre-warming during anes-
thesia induction, combined with warmed intravenous
infusion, is more efficient and conserves both time and
space [53].

A 2013 study involving 60 patients, divided into a con-
trol group and an experimental group, examined the
effectiveness of warmed intravenous fluids. The experi-
mental group received warmed intravenous fluids dur-
ing surgery, whereas the control group relied solely on
passive insulation. The results indicated that 22 patients
(73.4%) in each group had temperatures below 36 °C
at the conclusion of surgery, with no significant dif-
ference in hypothermia incidence between the groups
(p=1.0000). These findings suggested that the use of
warmed intravenous fluids alone was insufficient to pre-
vent intraoperative hypothermia, with key factors being
the patient’s temperature upon entering the operat-
ing room and the ambient temperature, rather than the
administration of cold infusion fluids [54]. Although
pre-warming during anesthesia induction did not sig-
nificantly reduce hypothermia incidence, it did enhance
patient thermal comfort and slowed the rate and extent
of temperature decline.

In contrast, a 2015 study reported that the use of
warmed intravenous fluids during surgery increased
core temperature by approximately 0.4—0.7 °C compared
to room-temperature fluids, a difference that was vali-
dated at multiple intraoperative time points. By the end
of surgery or in the recovery room, core temperatures
in the warmed fluids group were approximately 0.6 °C
higher than those in the room-temperature fluids group.
Although modest, this difference was sufficient to allevi-
ate mild hypothermia and reduce the risk of postopera-
tive shivering, representing moderate-quality evidence
[55]. Discrepancies between the findings of the two stud-
ies may be attributed to insufficient pre-warming time in
the earlier study and the vasodilation effect induced by
anesthesia induction, leading to heat redistribution from
the core to peripheral tissues, thereby diminishing the
efficacy of the intervention [56]. Consequently, clinicians
should select appropriate warming devices based on the
type of surgery and patient characteristics, and rigor-
ously adhere to intervention guidelines to ensure surgi-
cal safety, enhance patient comfort, and reduce operative
risks.

Circulating-water mattress

The circulating-water mattress (CWM) is a warming
device utilized to prevent perioperative hypothermia by
maintaining patient temperature via a pad connected to
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an electric heating unit that circulates warm water. The
primary advantage of CWM lies in its ability to effec-
tively sustain core body temperature. However, a notable
disadvantage is the requirement for sterile materials to
prevent contamination, which subsequently increases
nursing costs. Studies have demonstrated that patients
using a circulating-water system require fewer transfu-
sions during surgery, and that CWM is more effective in
mitigating intraoperative bleeding and reducing transfu-
sion requirements compared to electric heating blankets.
Hypothermia-induced peripheral vasoconstriction can
exacerbate intraoperative bleeding and increase the need
for transfusions, whereas CWM effectively prevents peri-
operative hypothermia through the maintenance of core
temperature.

Furthermore, when compared to forced air warming
(FAW), CWM has demonstrated superior performance
in maintaining body temperature, reducing intraop-
erative bleeding, and minimizing transfusion needs, and
may also outperform electric heating blankets in prevent-
ing surgical site infections and associated complications
[57, 58]. However, CWMs are not without risk. One study
reported a case of second-degree burns sustained on the
back and chest of a patient during endoscopic surgery
due to the use of a circulating-water device, with gradual
improvement observed in subsequent days. Although the
specific device in question was not a CWM, its similarity
to CWM raises concerns about potential risks [59].

In terms of cost, CWM is relatively expensive, requir-
ing sterile materials, with a price range of approximately
$2000 to $3000 [60]. Despite the high cost, research-
ers advocate for circulating-water systems as an effec-
tive active surface warming method that significantly
enhances perioperative outcomes, suggesting that clini-
cians consider their use as a standard care measure for
adult surgical patients [61].

Carbon-fiber resistive heating system

The carbon-fiber resistive heating system represents a
novel intraoperative warming technology utilizing car-
bon fiber, powered by a 15 V DC power supply, which is
capable of independently heating multiple regions, thus
providing broader body surface coverage during almost
any type of surgery. Given that heat loss is proportional
to the exposed surface area, the carbon-fiber resistive
heating system effectively minimizes temperature loss.
Unlike forced air warming (FAW), this system requires
no disposable components, making it a more cost-effec-
tive solution in clinical settings. The carbon fiber heat-
ing pads are covered with washable layers, equipped with
antibacterial coatings, and are impermeable, allowing
disinfection through simple wiping. In major abdominal
surgeries, the carbon-fiber resistive heating system has
demonstrated equivalent efficacy to FAW in maintaining
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core temperature, while offering greater cost-efficiency
and convenience [62]. In another study comparing resis-
tive heating and FAW, no significant differences were
observed between the two systems in terms of intraop-
erative and 48-hour postoperative bleeding volume, fluid
infusion, thermal comfort, or risk of shivering [63].

The resistive heating system offers several distinct
advantages, including the use of low-voltage DC power,
which ensures enhanced safety without interference
with other electronic devices in the operating room.
In the event of system puncture by a sharp object, cur-
rent continues to flow through adjacent conductive
fabric, thereby maintaining functionality. Additionally,
resistive heating systems are reusable, thereby incur-
ring lower operating costs compared to FAW, which
requires the use of disposable components. In conclu-
sion, the resistive heating system—with its flexible heat-
ing coverage, high safety profile, and reduced operating
costs—constitutes a promising approach to maintaining
intraoperative body temperature [64]. In clinical prac-
tice, healthcare providers should consider both the effi-
cacy and cost implications of different warming systems.
Selecting cost-effective interventions, particularly when
performance differences are negligible, can alleviate the
financial burden on healthcare systems and patients. The
reusable nature of the resistive heating system, in par-
ticular, significantly reduces economic pressures on hos-
pitals. While FAW may be more effective in preventing
postoperative hypothermia compared to resistive heat-
ing, the carbon-fiber resistive heating system remains
an attractive option given its economic advantages and
accessibility.

Self-heating blanket

The self-heating blanket is composed of 12 heating pads
containing iron powder, which, upon exposure to air,
undergoes an exothermic oxidation reaction, generating
heat and reaching an average temperature of 40 °C within
30 min, with a maximum temperature not exceeding
43 °C. This heat is sustained for up to 10 h. Compared
to forced air warming (FAW) blankets, the self-heating
blanket provides continuous warming during pre-warm-
ing and patient transport without interruption, thus
enhancing patient comfort during transfer [43]. Both the
self-heating blanket (SW) and FAW effectively increased
patients’ mean body temperature during pre-warming;
however, the incidence of intraoperative hypothermia
was higher in the SW group (61%) compared to the FAW
group (49%). FAW set at 43 °C was effective in raising
the body temperature of hypothermic patients. Despite
no statistically significant difference in core temperature
maintenance between the two systems, most patients and
nursing staff found both blankets convenient to use [65].
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Additional studies have indicated that at 120- and
180-minutes following induction of general anesthesia,
the self-heating blanket demonstrated greater efficacy
than FAW in maintaining core temperature. Sensitiv-
ity analysis further showed that the self-heating blanket
outperformed FAW in maintaining core temperature
between 60- and 90-minutes post-anesthesia induction
[66]. Another study suggested that utilizing the self-heat-
ing blanket could reduce the risk of unintentional intra-
operative hypothermia by 79%, with an incidence rate of
hypothermia in the self-heating blanket group at 13%,
compared to 43% in the control group [67].

Since the self-heating blanket does not require an exter-
nal power source, it is portable and suitable for a wide
range of settings, including emergency situations where
power supply may be limited. This characteristic makes
it particularly favored, whereas FAW devices require an
external power source and may generate noise, which can
negatively impact patient comfort [68]. Moreover, lami-
nar airflow disturbances caused by FAW equipment may
increase the risk of hospital-acquired infections, particu-
larly in orthopedic surgeries, whereas self-heating blan-
kets are devoid of such concerns [69, 70]. The cost of a
self-heating blanket is approximately $13.27, compared
to $8.53 for an FAW blanket, although FAW requires an
additional heating unit and power supply. While FAW
performs better in mitigating sweating-related discom-
fort, the portability and overall cost-effectiveness of the
self-heating blanket make it a popular choice for main-
taining intraoperative temperature [65].

Chemical heat packs

Chemical heat packs are small, portable heating devices
akin to self-heating blankets but are more compact and
easier to transport. When manually compressed, an
internal compartment is ruptured, initiating a chemi-
cal reaction that generates heat, reaching temperatures
of approximately 54.5 °C (130 °F). Typically, heat packs
are wrapped in towels and placed on specific areas of the
patient’s body, such as the head, back, or armpit, facili-
tating direct contact with the skin and thereby elevating
skin temperature via conduction. Studies have demon-
strated that the use of chemical heat packs can increase
the body temperature of trauma patients by an average
of 0.8 °C (1.36 °F) during transport, underscoring their
effectiveness in trauma patient care [71]. Each chemical
heat pack is priced at approximately $0.54, making them
a cost-effective option suitable for large-scale application,
with significant clinical utility.

Passive warming interventions

When active warming measures are unavailable, pas-
sive interventions can be employed to maintain patient
temperature. Passive warming involves the use of cotton
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blankets and thermal reflective blankets, which reduce
the area of skin exposed to a cold environment, thereby
minimizing convective and radiative heat loss. Protective
garments, blankets, and hats made from thermal reflec-
tive materials have been demonstrated to be effective in
maintaining body temperature during surgery [72]. Ther-
mal reflective devices are widely used in preoperative
and emergency settings; these products often consist of
multilayer aluminum and non-woven fabric, effectively
preserving body temperature by preventing radiative and
convective heat loss [73]. Studies have shown that ther-
mal reflective blankets can effectively increase peripheral
temperature and significantly reduce the core-peripheral
temperature gradient, thereby enhancing peripheral tis-
sue heat content [74]. When compared to forced air
warming (FAW), thermal reflective blankets exhibit simi-
lar efficacy in maintaining body temperature, with no sig-
nificant differences in cost. Tongue temperature during
surgery was consistently maintained above 36 °C in both
groups, with no significant differences in environmental
conditions, fluid infusion, or blood loss [75].

However, passive warming is generally less effective
than active warming in preventing hypothermia. Stud-
ies have found that even 60 min of preoperative passive
warming did not effectively prevent hypothermia, largely
due to core-to-peripheral temperature redistribution.
Active warming methods such as FAW and carbon-fiber
resistive heating have demonstrated greater efficacy in
mitigating hypothermia [76]. Although passive warming
measures help to maintain body temperature during the
perioperative period, they do not completely prevent a
drop in body temperature during surgery because they do
not have the ability to heat. Nonetheless, passive warm-
ing measures are highly cost-effective. For instance, ther-
mal reflective surgical caps cost $1.54 each, compared to
$9.75 for FAW, resulting in a cost saving of approximately
$8.21 per unit for healthcare institutions. These data sug-
gest that passive warming is an economical and effective
option, particularly when active warming is not feasible.
Thermal reflective devices, in particular, can serve as
simple and effective warming measures, especially for
elderly patients and those undergoing regional anesthesia
[73].

Conclusion

Perioperative hypothermia is a prevalent clinical issue,
primarily resulting from the cold environment of the
operating room and prolonged skin exposure, which can
lead to multiple complications and adverse outcomes,
significantly impacting surgical results. To mitigate this
problem, healthcare providers have implemented various
interventions, among which forced air warming (FAW)
systems have been demonstrated to be highly effective in
maintaining core temperature and are currently regarded
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Table 1 Comparison of intraoperative warming techniques: benefits, limitations, and applications
Classification Intervention Effective Risks Cost quality-price ratio Overall
ness
Active insulation Forced Air Warming Devices * %k k 0.8, 8 84 %k 2. 82.8.8.8 2. 8.8.8.8
* *
Self-Regulated Heated Air Garment 2. 8.8.8 84 0. 8.8° 8 8" 1. 8.8. 82844 2 8. 8.8 8¢ 2 8. 8.8 8¢
Infusion Fluid Warming 2.8, 8 .8 8¢ % ek * e dedek Yk ok kS 28 8.8 8¢
Circulating-Water Mattress 2. 8.8 8" 8¢ Kk ke %k %k %k k * KRR KRR
Carbon-Fiber Resistive Heating System 2 8.8 .8 84 e 1.8 8 8" 8"¢ 1. 8. 8.8 8¢ 1. 8. 8.8 8¢
Self-Heating Blanket Yk ke s e kok ek ook ek ok ok ek
Chemical Heat Packs b 8. 870" ¢ L 8 8" 8" g *AA KK 2 8. 8. 8" 8¢ 2. 8. 8.8 8¢
Passive insulation Thermal reflective blankets L 2.8.88"¢ * Yook K * Yo fok Ho ok ok ek * %k Kk

Notes:

*~% % % krepresents five levels: low, relatively low, medium, relatively high and high

Note: Due to variations in item costs across countries, with differing reference amounts and currencies, and the difficulty in obtaining specific cost data, a five-star
rating system is used here to provide an approximate estimate for comparative purposes

as the optimal intervention. With advancements in tech-
nology, numerous warming devices have been developed,
each with distinct advantages and limitations, necessitat-
ing tailored selection based on specific clinical circum-
stances. In addition to active warming methods, passive
warming measures, such as blankets, thermal reflective
caps, and chemical heat packs, offer a viable alterna-
tive. These approaches utilize the patient’s endogenous
heat without reliance on mechanical devices or exter-
nal energy sources. Although the resultant temperature
increases are less pronounced compared to active warm-
ing techniques, passive warming presents significant cost
advantages, making it suitable for large-scale implemen-
tation. Overall, various interventions aimed at addressing
perioperative hypothermia have been shown to reduce
complication rates, decrease healthcare expenditures,
and vyield significant social and organizational benefits.
Selecting the most effective and cost-efficient interven-
tion in clinical practice requires careful consideration of
each patient’s unique circumstances to ensure optimal
outcomes.
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