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1. Introduction

Human core body temperature is generally maintained at 37 °C
by mechanisms regulated by the thermoregulatory system, thereby 
ensuring the proper functioning of both physiological and 
immunological processes1. 

A normal thermoregulatory system consists of afferent thermal 
sensing, central regulation, and efferent responses2. Afferent signals 
originate from various tissues, including the skin, deep tissues, and 
the spinal cord. These thermal signals ascend via the spinothalamic 
tract of the anterior spinal cord to reach the hypothalamus, the 
central integrator of thermoregulatory control3,4. The regulation of 
body temperature is achieved through three primary mechanisms: 
The sympathetic nervous system plays a pivotal role in the 
regulation of heat distribution. This is achieved through the 
activation of skin vasoconstriction or vasodilation, as well as the 
stimulation of sweat gland activity. Additionally, the system 
modulates the metabolism of brown adipose tissue, thereby 
facilitating heat production. Secondly, behavioural 
thermoregulation is adjusted through the activation of the somatic 
nervous system, which involves changes in skeletal muscle activity 
and tone. Thirdly, modulation of metabolic activity for heat 
production is provided via the release of thyroid hormones, 
adrenaline, noradrenaline, and growth hormone4,5. Efferent 
responses encompass behavioural and autonomic regulation. It is 
evident that behavioural responses are predominantly governed by 
thermal inputs from the skin surface, while approximately 80% of 
autonomic responses are under the control of thermal inputs from 
core structures. Behavioural regulation represents the most 

powerful mechanism and requires conscious perception of body 
temperature; approximately 50% of this is provided by skin 
temperature6,7. The primary autonomic responses to cold exposure 
include vasoconstriction of the small arteries in the extremities, 
which reduces skin blood flow to minimise heat loss, and shivering. 
Vasoconstriction significantly reduces blood flow through 
arteriovenous shunts on the skin surface, thereby minimising 
convective and radiative heat loss and effectively conserving 
metabolic heat. This response is primarily regulated by local α-
adrenergic sympathetic nerve activity8. In infants, non-shivering 
thermogenesis in brown adipose tissue serves as the primary 
mechanism of heat production9.  

Perioperative hypothermia (POH) is defined as a core 
temperature drop below 36°C during anaesthesia and surgery. This 
is due to the redistribution of heat from the core to the periphery, 
impaired thermoregulation associated with anaesthesia, and 
exposure to a cold environment. POH is classified as mild (34°C–
36°C), moderate (32°C–34°C), and severe (<32°C)6. The prevalence 
of the condition during the perioperative period has been 
documented to range from approximately 25.7% to 90%10-12. 

Hypothermia causes histotoxic hypoxia, cardiovascular events, 
slowed drug metabolism, delayed reversal of neuromuscular 
blockade and delayed recovery, delayed wound healing and 
increased infection, postoperative shivering, disseminated 
intravascular coagulation, increased blood transfusion, and patient 
dissatisfaction13. Billeter et al.14 found that patients subjected to 
perioperative hypothermia during surgery for gastrointestinal, 
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pancreatic and hepatobiliary disorders, joint replacement and 
spine, vascular, neurosurgical, thoracic, gynaecological and 
urological pathologies had a fourfold increase in mortality and a 
twofold increase in the risk of stroke and sepsis. A meta-analysis of 
studies conducted on patients undergoing hip surgery reported that 
low perioperative body temperature was associated with an 
increased risk of 30-day mortality. This increase in mortality risk 
was found to be significantly higher than the increase associated 
with delayed surgery15. It has been demonstrated that even mild 
hypothermia can increase the incidence of wound infection16,17. A 
meta-analysis encompassing 25 studies and 28,761 patients 
revealed a substantial augmentation in the likelihood of surgical site 
infection (SSI) when the body temperature declined to 35°C or 
below during surgical procedures18. Consequently, this results in an 
economic crisis for the patient and the community as a whole. It is 
therefore vital to maintain normal body temperature both before 
and after surgery in order to ensure optimal surgical outcomes, as 
well as patient safety and satisfaction. 

In recent years, with the frequent implementation of Enhanced 
Recovery After Surgery (ERAS) protocols, the prevention and 
treatment of POH has become one of the most important 
components of ERAS protocols. Despite the increased awareness 
among anaesthetists and surgeons regarding the risks associated 
with POH and the increasingly frequent use of various physical 
warming methods, the incidence of POH remains high13. In order to 
address this issue, a range of heating devices have been developed 

in tandem with technological advances. Each of these devices 
possesses its own set of advantages and limitations, necessitating a 
specific selection based on the particular clinical conditions of the 
patient. The present review aims to evaluate the protocols that can 
be applied in the risk assessment, prevention, and treatment of POH, 
as well as the effectiveness of the developed devices.   
 
Perioperative Hypothermia Risk Assessment 

Numerous factors have been demonstrated to influence 
perioperative core temperature, including patient health status and 
illnesses, the nature of the surgical procedure, and the anaesthetic 
agent used. The aforementioned variables have been demonstrated 
to contribute to the development of hypothermia, albeit to differing 
extents. Risk factors for POH can be identified through effective 
preoperative assessment, which has been shown to significantly 
reduce the incidence of POH and related complications (Table 1). A 
preoperative risk prediction model was developed using risk factors 
such as body mass index, preoperative basal body temperature, and 
duration of surgery and anaesthesia. Furthermore, the necessity of 
preventing POH and the effectiveness of the tools used were 
investigated. Although the efficacy of this prediction model was 
confirmed through pre-validation, its clinical application remains 
restricted. The necessity for further research is emphasised by the 
requirement for prospective, large-sample, multicentre clinical 
studies19.  

 

 

Table 1 
Risk factors associated with perioperative hypothermia 
 

 Risk Factors Clinical Significance 

Patient-related Ageing 
Poor thermoregulatory response 
Delayed vasoconstriction 

 Low body mass index Low subcutaneous fat → increased heat loss 
 Female Lower muscle mass and basal metabolic rate 
 Newborns and infants Higher surface area/body weight ratio  
 Hypothyroidism   Reduced heat production 
 Diabetes (Autonomic neuropathy) Impaired vasomotor response 
 Sepsis / serious illness Impaired thermoregulation 
 ASA III–IV Low general physiological reserves 
Anaesthesia-related General anaesthesia Vasodilatation → heat redistribution 
 Regional anaesthesia (spinal/epidural) Sympathetic block → peripheral heat loss 
 Combined GA + regional The risk of hypothermia increases further 
 Long anaesthesia duration     Cumulative heat loss 
 Volatile agents Lower the thermoregulatory threshold 
 Opioids Suppressed the tremor response 
Surgery-related Long surgery duration  Heat loss by convection and radiation 
 Major surgical procedures     Increased exposed body surface area 
 Thoracic / abdominal surgery Major heat loss areas 
 Open surgery (laparotomy) Greater heat loss compared to laparoscopy 
 Major blood loss Cold blood and fluid replacement 
Environmental factors Low OR temperature Heat loss through radiation and convection 
 Cold antiseptics Local and systemic heat loss 
 Unheated irrigation fluids Long surgeries 
Fluids and transfusions Unheated IV fluids Each 1 L of fluid at room temperature → ≈0.25 °C drop 
 Massive transfusion Severe hypothermia with cold blood products 
Perioperative 
management 

Preoperative hypothermia The strongest predictor 

 No active warming Lack of mandatory preventive measures 
 Long holding time Heat loss begins before surgery 
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Intraoperative Period 

During transfer to the operating theatre, exposure to low 
temperatures may cause heat loss, and cutaneous vasoconstriction 
may occur as a thermoregulatory mechanism to maintain normal 
body temperature. Cooling of peripheral body regions and a 
temperature gradient between the core and periphery may occur. It 
has been established that warming the skin surface for a period of 
30 minutes prior to the induction of anaesthesia does not result in a 
significant increase in core temperature. However, this procedure 
does result in an increase in peripheral tissue temperature and total 
body heat content, and it prevents the occurrence of redistribution 
hypothermia7,20. A meta-analysis encompassing 27 studies has 
demonstrated that the implementation of a pre-warming system 
has the potential to attenuate the severity of perioperative 
hypothermia, thereby facilitating the achievement and maintenance 
of normothermia during the intraoperative and postoperative 
periods21. 

The most significant factor in determining intraoperative heat 
loss is the ambient temperature of the operating theatre22. 
Researchs have indicated that when the operating theatre 
temperature is below 21°C, patients are more prone to developing 
hypothermia23. The maintenance of an appropriate operating 
theatre temperature (21–25°C) has been demonstrated to reduce 
the temperature difference between the patient's skin and the 
environment, thereby minimising heat loss through radiation. 
However, an increase in temperature above 26°C has been observed 
to reduce the incidence of POH, although it has also been 
demonstrated to increase the risk of infection and cause discomfort 
for the surgical team24. Therefore, intraoperative room temperature 
should be adjusted dynamically according to the patient's needs and 
surgical procedures.   

 
Anaesthesia induced hypothermia  

The development of hypothermia during the intra-anaesthetic 
period is characterised by a distinct pattern that can be subdivided 
into three phases: redistribution, linear, and plateau (Figure 1).  

 
 

 
Figure 1 Phases of Intraoperative Hypothermia 

 
 

Redistribution Phase  

Approximately 40% of perioperative heat loss occurs through 
radiation, 30% through convection due to air movement, 25% 
through evaporation, and a small portion through conduction to the 
operating table25,26. However, the precipitous initial decline in core 
temperature of approximately 1.0–1.5 °C during the initial hour of 

anaesthesia cannot be explained by heat loss alone27. Following the 
administration of anaesthesia, hypothermia arises not so much from 
the dissipation of body heat into the environment, but rather as a 
result of heat distribution from the internal core to the periphery. In 
the majority of cases, the core generates the majority of metabolic 
heat. A thermal gradient is established from the core to the 
peripheral tissues, the skin, and finally the environment. This 
prevents the accumulation of heat in the core. The thermal core, 
defined as the highly vascularised tissue of the trunk and head, 
exhibits a comparable dimensionality to the peripheral thermal 
compartment, which is predominantly composed of the arms and 
legs. Indeed general anaesthesia exerts minimal influence on the 
regulation of body temperature. However, it has been demonstrated 
that any dose of general anaesthesia significantly disrupts 
thermoregulatory arteriovenous shunt vasoconstriction27-31. The 
initial rapid decrease in core temperature after anaesthesia 
induction is due to the dilation of thermoregulatory arteriovenous 
shunts, allowing heat to redistrubion from the core to the periphery; 
thus, the core temperature decreases much more significantly than 
the small decrease in overall body heat content25. 

Subsequent to the induction of general anaesthesia, the 
temperature decline that occurs during the process of heat 
redistribution is related to the patient's body composition and 
haemodynamics. The increase in cardiac output or peripheral 
vasodilation results in accelerated redistribution. The most 
significant factor is the peripheral temperature prior to the 
induction of anaesthesia. The lower the temperature gradient 
between the core and periphery, the less heat redistribution occurs 
and the smaller the decrease in core temperature. Weaker, smaller 
patients with greater blood loss cool more strongly and rapidly32. 

Neuraxial anaesthesia techniques disrupt thermoregulation by 
reducing vasoconstriction and shivering thresholds33. Furthermore, 
central responses to afferent thermal inputs in the blocked 
segments are altered34. Moreover, vasodilation in blocked 
dermatomes increase skin temperature and further blunt 
behavioural responses to cooling, thereby exacerbating 
hypothermia35. In contrast to the general anaesthesia, neuraxial 
anaesthesia induced by hypothermia occurs rapidly through 
redistribution, followed by a gradual cooling without a plateau 
phase, as the ongoing heat loss exceeds metabolic heat 
production34,35. It has been demonstrated that temperature drops 
are more pronounced when general and regional anaesthesia are 
administered in combination36. Conversely, peripheral nerve blocks 
do not result in clinically significant impairment of 
thermoregulation, even in elderly patients37,38.  

 
Linear Phase 

In unheated patients during prolonged surgeries, redistribution 
hypothermia, which is mainly completed within an hour, is followed 
by a linear core temperature decrease lasting 2–3 hours. Although 
redistribution is less significant during this phase, heat loss through 
radiation and convection is predominant. The linear phase results 
from heat loss exceeding heat production39. During general 
anaesthesia, metabolic heat production decreases by approximately 
30%27. Peripheral blocks do not reduce metabolic heat production, 
and neuroaxial anaesthesia methods have very little effect40. The 
second mechanism is heat loss through the skin. In this phase, heat 
loss occurs through the skin and depends on surface insulation and 
ambient temperature. This phase of linear decrease in core 
temperature lasts about two hours and ends when the body reaches 
its autonomic thermoregulatory threshold of about 34.5 °C. During 
anaesthesia, modern heaters largely prevent heat loss through the 
skin and even rewarm hypothermic patients41.   
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Plateu Phase 

Following a decline in core body temperature to approximately 
34.5 °C, this level remains constant irrespective of the large and 
duration of the operation. This phenomenon can be attributed to the 
reactivation of vasoconstriction caused by hypothermia, resulting in 
the body entering a plateau phase in its thermal state25. The 
threshold for vasoconstriction, which is triggered by core 
temperature, is dependent on the drug and its dosage. However, in 
typical anaesthetic drug combinations, vasoconstriction reappears 
at approximately 34.5 °C. Conversely, the combination of general 
and neuroaxial anaesthesia results in a sustained decline in core 
temperature. This is attributable to the fact that neuroaxial blocks 
centrally reduce vasoconstriction and the shivering threshold, and 
prevent arteriovenous shunt vasoconstriction31,34,36,42.   

 
Intraoperative Temperature Monitoring 

Accurate monitoring of core body temperature and appropriate 
measurement techniques are crucial for clinical interpretation. The 
mean body temperature is reflective of the total heat content and is 
calculated using the following equation: mean body temperature = 
0.87 × core temperature + 0.13 × skin temperature43. In the event of 
anaesthesia lasting over 30 minutes, whether general or neuroaxial, 
or of a surgical intervention lasting over one hour, core body 
temperature should be measured at regular intervals (at least every 
15 minutes). If the temperature falls below 36 °C, timely warming 
interventions should be provided44. Temperature in the pulmonary 
artery is widely regarded as the gold standard for core temperature, 
yet its practical application is challenging. The most suitable areas 
for core temperature measurement are the distal third of the 
oesophagus adjacent to the left atrium, the tympanic membrane, 
and the nasal pharynx. The rectal or bladder temperature is a 
measure of the core temperature, but with a significant delay. In 
light of the rapid fluctuations in temperature that are characteristic 
of the perioperative environment, the efficacy of bladder and rectal 
temperatures as measurement sites may be compromised. It is 
therefore imperative to exercise caution and take measurement 
delays into consideration45,46. In theory, the temperature of the 
subcutaneous tissue may be representative of core temperature. 
However, it should be noted that deviations may occur due to the 
effects of convective blood flow. Zero heat flux thermometers offer 
a non-invasive method for estimating tissue temperatures. The 
application of these devices to the skin has been demonstrated to 
provide excellent thermal insulation. The temperature of the 
insulated skin area is representative of the core temperature 
following a period of equilibration. The forehead is considered a 
suitable site for zero-heat-flow thermometer use47.  

 
Perioperative Hypothermia Management  

The purpose of maintaining the patient's body temperature 
during perioperative period is to keep heat loss to a minimum by 
reducing radiation and convection from the skin, evaporation from 
open surgical sites, and cooling caused by the administration of cold 
intravenous fluids48. 

 
Passive Warming Systems 

Passive warming measures are aimed at maintaining body 
temperature and reducing heat loss, and are generally more 
effective in mild hypothermia49,50. The methods employed in this 
regard include the augmentation of the ambient temperature, the 
insulation of the body surface with fabric covers, the utilisation of 
artificial noses, reflective and thermal blankets, and a low-flow 
semi-closed anaesthesia circuit51-53. AORN guidelines recommend 
the use of at least one passive warming technique during the 
perioperative period54. Single-layer passive warming has the 

capacity to reduce heat loss by 30%13. 
 

Active Warming Systems 

Active heating methods function by augmenting heat supply and 
transfer. Active heating systems transfer heat directly to the patient 
using methods such as infrared light, electric and hot water 
circulation blankets and mattresses, forced-air heating or 
convective air heating units, heating intravenous and irrigation 
fluids, and humidifying anaesthetic air and carbon dioxide55-57.  

Forced air warming (FAW) devices are composed of a power 
unit and a blanket that transfers heated air directly to the patient's 
body surface via convective and conductive processes. It has been 
demonstrated that these substances reduce heat loss and maintain 
body temperature58. A meta-analysis conducted by Wang et al., 
involving 19 studies and 861 patients, found that FAW devices 
significantly increased core and overall body temperature in 
patients undergoing laparoscopic surgery and significantly reduced 
the incidence of hypothermia and shivering59. The combined 
preoperative and intraoperative use of FAW has been demonstrated 
to be the most efficacious approach; the benefits of preoperative use 
alone are limited52,53.  Furthermore, factors such as the location, 
duration, and temperature of heating have been demonstrated to 
affect the efficacy of FAW60. In recent years, lower body blankets 
have been developed for use in upper body surgeries, including 
thoracic and cardiac surgery. A meta-analysis was conducted to 
ascertain the optimal application area of FAW devices in preventing 
POH in patients undergoing abdominal surgery. The results of the 
meta-analysis reported that FAW devices are effective in preventing 
preoperative hypothermia in both open abdominal surgery and 
laparoscopic surgery. The meta-analysis also found that FAW 
devices are used more in the upper body compared to the lower 
body and whole body60. In a study evaluating body temperature at 
60 and 120 minutes following anaesthetic induction in patients 
undergoing abdominal surgery, the use of lower body blankets was 
found to be more effective than the use of upper body blankets and 
passive insulation. Furthermore, the study demonstrated that lower 
body blankets were more effective than passive insulation in 
preventing postoperative shivering. It was also reported that lower 
body blankets regulate core temperature and prevent shivering 
within the first two hours following anaesthesia induction61. 
Nevertheless, the meta-analyses strongly emphasise that current 
studies have significant limitations in terms of sample size and that 
more comprehensive studies are required59,60.  

The self-regulated heated air garment is a disposable garment 
connected to a portable heating unit that produces 1000 BTU per 
hour. Patients can manage this device in accordance with their 
individual heat requirements, thereby enabling utilisation during 
the intraoperative period, as well as the preoperative and 
postoperative periods. The implementation of measures aimed at 
preventing hypothermia in patients may enhance their level of 
comfort during the perioperative period, thereby reducing anxiety 
levels62. The utilisation of the self-regulated heated air garment, 
when employed in a patient-controlled manner throughout the 
entirety of the perioperative process, may alleviate preoperative 
anxiety and postoperative pain63.  

 
Heated Infusion Fluids 

For patients undergoing general anaesthesia, the administration 
of 1000 ml of room temperature fluid or a single unit of blood 
transfusion stored at 0.5 °C has been demonstrated to result in a 
reduction of body temperature by 0.25–0.5 °C64. Fluids, colloids, or 
blood administered at a rate exceeding 500 ml/hour should be 
warmed to 37°C65. The administration of intravenous fluids at a 
temperature of 37–41 °C results in an increase in body temperature 
and a reduction in shivering compared to fluids at room 
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temperature66. However, the difference between warmed and room 
temperature irrigation fluids is less significant. 

A body of research has been conducted on the impact of warmed 
intravenous fluids on POH during the intraoperative period. The 
findings from these studies have produced a range of outcomes. A 
study by De Mattia et al. found that the use of warmed intravenous 
fluids had no impact on the incidence of hypothermia67. In contrast, 
a study by Campbell et al. found that the use of warmed intravenous 
fluids during the intraoperative period reduced POH and the risk of 
postoperative shivering compared to room temperature fluids66. A 
meta-analysis was conducted to evaluate the efficacy of a 
combination of FAW and warmed intravenous fluids in preventing 
POH in caesarean section. The findings of this meta-analysis 
demonstrated that this combination effectively maintains maternal 
body temperature above the 36°C hypothermia threshold during 
caesarean section and in the postoperative period. Additionally, the 
analysis revealed that this combination reduces shivering68.  

In laparoscopic surgery, the utilisation of cold and dry CO2 gas 
for abdominal distension has been demonstrated to contribute to 
POH by lowering body temperature. While the use of heated and 
humidified CO2 has been demonstrated to assist in the maintenance 
of body temperature, its clinical benefits are considered to be 
limited69,70. The combination of this method with FAW has been 
shown to result in a substantial reduction in the incidence of 
POH71,72. In obese patients, visceral fat insulation has been 
demonstrated to reduce organ temperature loss73. These findings 
suggest that the selection of appropriate warming methods should 
be based on the type of surgery and patient characteristics. 

 
Postoperative warming and monitoring 

Maintaining normothermia is imperative during the 
postoperative period, with the utilisation of convective or 
conductive heat therapy. It is crucial to avert the occurrence of 
hypothermia7. It is imperative that temperature is meticulously 
monitored in the postoperative care unit. In the event of a decline in 
temperature, timely intervention is to be administered. 
Complications related to POH, such as shivering and arrhythmias, 
should be monitored. The combination of postoperative warming 
with pain management and fluid therapy has been demonstrated to 
enhance patient comfort and facilitate recovery74.  

 
 

2. Conclusion 

 
POH is a frequent complication in the perioperative period, 

leading to coagulation disorders, increased transfusion 
requirements, delayed wound healing and an elevated infection 
risk, prolonged hospitalisation and increased costs. It is therefore 
crucial to be aware of POH and to ensure that normothermic 
conditions are maintained in the perioperative period. In order to 
ensure optimal outcomes, it is imperative that prevention and 
management of POH should include preoperative risk assessments, 
monitoring of perioperative body temperature, control of 
environmental temperature, and the development of 
comprehensive warming protocols and checklists. 
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