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A B S T R A C T   

Background: Body temperature is tightly regulated with hormonal and cellular metabolism for normal func
tioning; however perioperative hypothermia is common secondary to anesthesia and surgical exposure. 
Prevention and maintaining body temperature should be started 1–2hrs before induction of anesthesia, to do this 
both active and passive warming system are effective to prevent complications associated with perioperative 
hypothermia. 
Methods: The aim of this systematic review is to develop a clear clinical practice protocol in prevention and 
management of perioperative hypothermia for elective adult surgical patients. 
The study is conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) guideline 2020. After formulating clear criteria for the evidences to be included an appro
priate method of searching was conducted by using the Pub Med, Google scholar and Cochrane library using the 
following MeSH terms: (inadvertent hypothermia AND anesthesia, hypothermia AND perioperative management 
and thermoregulation AND anesthesia) were used to draw evidences. 
After a reasonable amount of evidences were collected, appraisal and evaluation of study quality was based on 
WHO 2011 level of evidence and degree of recommendation. Final conclusions and recommendations are done 
by balancing the benefits and downsides of alternative management strategies for perioperative management of 
hypothermia. 
This systematic review registered with research registry unique identifying number (UIN) of “revie
wregistry1253” in addition the overall AMSTAR 2 quality of this systematic review is moderate level. 
Discussion: Preserving a patient’s body temperature during anesthesia and surgery is to minimize heat loss by 
reducing radiation and convection from the skin, evaporation from exposed surgical areas, and cooling caused by 
the introduction of cold intravenous fluids. 
Conclusion: Hypothermia is least monitored complication during anesthesia and surgery results cardiac abnor
malities, impaired wound healing, increased surgical site infections, shivering and delayed postoperative re
covery, and coagulopathies.   

1. Background 

Temperature is one of the five vital sign in human being’s maintained 
within a low safety of margin lies between 36 and 37.5 ◦C in normal 
body temperature due to hormonal effects, Heat generation through 
cellular metabolism and physical activity [1,2]. 

Thermoregulation is done with in hypothalamus in combination of 
afferent input, central regulation, and efferent response. Efferent re
sponses include behavioral and autonomic regulation. Behavioral 

regulation is the most powerful mechanism and requires conscious 
perception of body temperature,50% mediated by skin temperature [2, 
3]. 

Perioperative hypothermia is common occurrence due to core-to- 
peripheral redistribution of heat, anesthetic-related impaired thermo
regulation and exposure to a cold environment [4–7]. 

Hypothermia is defined as core body temperature below 36 ◦C(2) 
and is further classified as mild (34◦C-36 ◦C), moderate (32◦C-34 ◦C), 
and severe (<32 ◦C) [2], and most reliably monitoring sites are: 

; ASA, American Society of Anesthesiology; RCT, Randomized Control Trail; FAW, Forced Air Warming. 
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pulmonary artery, distal esophagus, nasopharynx and tympanic mem
brane [3,6]. 

Perioperative heat loss is performed through radiation, Conduction, 
convection & evaporation among them radiation account 60% of total 
heat loss [6,8], Of these, convective heat loss to cold air and conductive 
heat loss to water are the most common mechanisms of accidental hy
pothermia(6). 

Perioperative hypothermia causes many complications including 
cardiac abnormalities, impaired wound healing, increased surgical site 
infections, shivering and delayed postoperative recovery, increased ICU 
admissions,longer hospital stays and coagulopathies [9],as a result it 
increases economical crisis both on the patient and community at large 
[5,7,10]. 

2. Justification 

Although Perioperative hypothermia is common, gives less emphasis 
to monitor complication during anesthesia and surgery(6, 11).Even with 
modern supportive care hospital mortality of patients with moderate or 
severe accidental hypothermia approaches 40% [12]. 

Maintaining a normothermic patient is quite challenging for clini
cian, especially for anesthetists and nurses, since it is their responsibility 
to install and monitor the devices in order to prevent hypothermia(1). 

Studies shows that if hypothermia is left untreated, it results many 
adverse effects on the patient (prolonging anesthetic drug action, impair 
coagulation and platelet function, increases blood loss and transfusion 
requirements, increases wound infections, prolongs hospital stay, causes 
postoperative discomfort & shivering, increased oxygen consumption 
and increases heart rate, blood pressure, and plasma catecholamine 
levels) [7,13,14]. 

Active and passive warming systems are highly recommended to 
prevent hypothermia, so it is possible to use effectively the available 
resource with a protocol is crucial, as a result this systematic review 
have a nice contribution for better management and prevention of 
perioperative hypothermia. 

The goal of preserving a patient’s body temperature during anes
thesia and surgery is to minimize heat loss by reducing radiation and 
convection from the skin, evaporation from exposed surgical areas, and 
cooling caused by the introduction of cold intravenous fluids(4,15). 

Fig. 1. Flow chart for selection of studies using 2020 PRISMA flow diagram.  
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3. Objective  

• To improve management of perioperative hypothermia for adult 
elective surgical patients.  

• To design clear institutional guideline for managing perioperative 
hypothermia in elective adult surgical patients. 

4. Methods 

The study is conducted in accordance with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline 
2020 [15]. After formulating clear criteria for the evidences to be 
included an appropriate method of searching was conducted by using 
the Pub Med, Google scholar and Cochrane library using the following 
MeSH terms: (inadvertent hypothermia AND anesthesia, hypothermia 
AND perioperative management and thermoregulation AND anesthesia) 
were used to draw evidences. 

After a reasonable amount of evidences were collected, appraisal and 
evaluation of study quality was based on WHO 2011 level of evidence 
and degree of recommendation. Final conclusions and recommendations 
are done by balancing the benefits and downsides of alternative man
agement strategies for perioperative management of hypothermia. 

This systematic review registered with research registry unique 
identifying number (UIN) of “reviewregistry1253” in addition the 
overall AMSTAR 2 quality of this systematic review is moderate (Fig. 1). 

4.1. Selection of studies 

Papers fulfilling the following criteria were included in the study: 
studies presented as original articles, Meta analysis, systematic review, 
RCT and comparative studies on perioperative hypothermia manage
ment for adult elective surgical patients, inadvertent perioperative hy
pothermia, complication of hypothermia incidence and management 
studies written in English. 

Studies on pediatric and geriatrics patient, surgery under induced 
hypothermia, studies where full articles were no longer available online 
were not selected to be included in the current review. All of the research 
articles that were identified from searches of the electronic databases 
were imported into the ENDNOTE software version X7.1 (Tomson 
Reuters, USA) and duplicates were removed. Before findings had begun, 
full length articles of the selected studies were read to confirm for ful
filling the inclusion criteria. 

In this review, only those articles written in English language were 
considered for this review. Furthermore, after comprehensive and in- 
depth appraisal of literature, evaluation of quality was conducted ac
cording to the WHO 2011 level of evidence and degree of 
recommendation. 

5. Areas of controversy 

Perioperative hypothermia prevention and management has no a 
clear working protocol, regarding this evidences shows that warming 
irrigation fluids is not statistically significant difference to prevent 
intraoperative hypothermia between warmed and room fluid groups 
(16),But clinical practice guideline recommends that pre warmed irri
gation fluids 38–40 ◦C is effective [3]. Another systematic review on the 
role of perioperative warming in surgery shows that warming both 
intravenous and irrigation fluids is effective in preventing perioperative 
hypothermia than non warming group [17]. 

Hypothermia management by forced air warming is more effective 
than resistive heating in preventing hypothermia(18),while a Cochrane 
systematic review concludes active body warming systems are more 
effective than passive warming systems, but no difference was observed 
between the different types of active warming systems in the effective
ness of management and prevention of hypothermia [14]. 

Classification of hypothermia it’s associated complications is also 
another controversy in many literatures. A randomized control trial, 
classifies hypothermia as (Mild = 35-32 c◦, Moderate = 32-28 c◦, severe 
= 28-20 c◦ and profound = 20-14 c◦) [6],but A Meta analysis study also 
classified in to three as mild (35–35.9 ◦C), moderate (34–34.9 ◦C) and 
severe (≤33 ◦C),which is strongly applicable & recommended(19). 

6. Discussion 

Perioperative hypothermia has many risk factors including head 
injury, ambient temperature of the OR, shock, spinal cord injury, 
autonomic nervous system dysfunction, coexisting illness, extremes of 
age, wet clothing, thyroid disease, adrenal disease, cardiac dysfunction, 
hepatic disease, cold intravenous fluids and blood products, long sur
gical exposure, type of surgery, general anesthesia>3hrs, epidural and 
spinal anesthesia and low preoperative temperature [1–3,6,20–22]. 

Preoperative hypothermia prevention and identification should be 
started 1–2 h before anesthesia administration. Intraoperative, temper
ature should be measured at least every 15 min [6,11]. 

High level evidences on prevention and management of periopera
tive hypothermia mainly depends on two systems.  

i) Passive warming systems 

Thermal insulation is an external effective way of reducing radiating 
and convective heat loss via the skin allows intrinsic heat-generating 
mechanisms to counteract heat loss and usually more effective in mild 
hypothermia [4,6],includes increasing ambient temperature, isolation 
of body surface through clothes and a semi closed anesthesia circuit with 
low flow [14,16,19]. 

Passive mechanisms can be achieved by:  

• Augmenting the environmental temperature and applying a warm 
blanket.  

• Removal of any wet clothes, hats, gloves, shoes, and socks.  
• Protect the person against wind and further heat loss with warm, dry 

clothes and blankets.  
• Move gently to a warm dry shelter as soon as possible and rewarming 

the person with extra clothing.  
• Using heat and humidity exchanger  

ii) Active warming system: 

Table 1 
Methods of warming systems, description and mechanism of heat transfer(4, 6).  

Warming device Description Mechanism of 
Heat transfer 

Warming blanket Air delivered to variety of blankets at 
three settings: high (43 ◦C), medium 
(38 ◦C), low (32 ◦C). 

Convection 

Circulating Water 
garment 

circulates water from the control unit to 
polymer hyper/hypothermia blankets. 
Manual settings: 4–42 ◦C; automatic: 
30–39 ◦C 

Conduction 

Heated air 
mattress 

Ineffective, because limited body surface 
area comes into contact with the 
mattress. 

Conduction 

Hot packs Temperature at approximately 54.5 ◦C. 
Mean increase in temperature of 1.4 ◦C. 

Conduction 

Humidified gases Delivery of warm, humidified gas, which 
can increase the core temperature by 
0.5–0.65 ◦C/h. 

Evaporation 

Fluid warmer Warmed fluids were found to increase the 
temperature by about 1.3 ◦C. 

Conduction 

Forced Air 
Warming 
Systems 

Forcing warmed air through the warming 
device to the container, which is in direct 
contact with the patient’s skin (usually a 
two-layer blanket). 

Convection  
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Active warming system directly transfers heat to the patient through 
infrared light, electric blankets, mattresses or blankets with warm water 
circulation, forced-air warming or convective air-warming transfer, 
warming of intravenous and irrigation fluids, humidifying of anesthetic 
air and carbon dioxide [14,16,19]. 

Active warming systems can be performed:  

• Infrared lights, electric blankets, mattresses or blankets with warm- 
water circulation.  

• Forced-air warming or convective air-warming transfer,  
• Warming of intravenous and irrigation fluids,  
• Humidifying filtration and carbon dioxide (CO₂). 
• Self warming Blanket (barrier Easy Warm) it is independent of out

sources power and it gives appropriate heat to the patient. 

Perlman et al. shows that both passive and active external strategies 
are effective for mild hypothermia and can be easily applied. Radiant 
heaters, warming blankets, and humidified gases are effective for 

moderate hypothermia. Patient re warming is specifically recommended 
to patients with severe hypothermia [3,6]. 

A systematic review comparing the effectiveness of systemic warm
ing of surgical patients with no warming concludes that patients on 
systemic warming reducing postoperative wound infection, shivering 
and perioperative blood loss [17,18].Another study on major upper 
abdominal surgery suggests combination of circulating water Mattress 
and forced air warming is equally effective in maintaining intra
operative core temperature with circulating water Garment [23,24]. 

A study comparing the efficiency of the thermal blanket and thermal 
mattress in the prevention of hypothermia during surgery concludes that 
the thermal mattress was more effective than the thermal blanket to 
prevent hypothermia in the intra and postoperative period [5]. Another 
study comparing prewarmed fluid vs. active fluid warming administra
tion on the incidence of peri-operative hypothermia suggests that the 
administration of 1 L warmed fluid results in higher postoperative 
temperatures [25]. 

A Cochrane systematic review assessing effectiveness of 
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perioperative warmed intravenous and irrigation fluids in preventing 
hypothermia during surgery suggests that warmed intravenous fluids 
keep patients significantly warmer than room temperature fluids, but 
warmed irrigation fluids has no statistically significant difference in 
body temperature between the warmed and room temperature fluid 
groups [1]. 

In order to decrease perioperative hypothermia patient should be 
actively pre warmed 20–30 min before surgery and the operation room 
ambient temperature should be at least 21 ◦C, transfusions rates greater 
than 500 mL/h should be warmed first and intraoperative irrigation 
fluids should be prewarmed to 38–40 ◦C [11]. 

Another study on thermal gown having the same base line body To 

demonstrated, thermal gown at 40 C◦ 30 min before anesthesia and 

throughout the surgical procedure shows 35.44 C◦ and 36.15 C◦ in the 
control group and in treatment groups respectively [20] (Table 1). 

6.1. Methods of perioperative hypothermia prevention and management 

Perioperative temperature fluctuations can be minimized through 
preoperative prevention and intra operative warming, is more effective, 
appropriate, and easier than treating hypothermia postoperatively [26]. 

6.1.1. Preoperative 
Skin surface warming before induction of anesthesia does not 

significantly increase core temperature but increases peripheral tissue 
temperature and total body heat content. Skin surface warming for 30 

. (continued). 
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min before induction of anesthesia, prevents redistribution hypothermia 
[3,11]26). 

Any fluid, colloid or blood that runs greater than 500 ml/h should be 
warmed, preoperative temperature is below 36 ◦C, needs warming 
preoperatively [27]. 

According to the WHO keeping the patient warm is more important 
than warming blood,but warming of blood recommended when massive 
transfusions (adults: >50 ml/kg/h; children: >15 ml/kg/h) is required 
[3,6]. 

6.1.2. Intraoperative 
The most important factor in determining intraoperative heat loss is 

the ambient operation room temperature(20). 
Warm intravenous fluids appear to keep patients warmer during 

surgery than room temperature fluids and any fluid, colloid or blood that 
run greater than 500 ml/h should be warmed [18,20,28]. 

Patient core temperature should be measured continuously or every 
15 min during surgery and ambient operation room temperature should 
be at least 21 ◦C for adult patients [3]. 

The amount of heat lost through the skin is proportional to the 
exposed body surface, so optimum temperature in the operation theater 
(23 ◦C and 26 ◦C in adults and infants, respectively)is the most critical 
factor that determines cutaneous losses through radiation, convection, 
and evaporation [3,5]. 

Both passive or active warming can achieve cutaneous warming, but 

passive insulation is the easiest method even if it is insufficient alone and 
should be used in combination with cotton blankets, surgical drapes, 
plastic sheets, and sleeping bags to be effective [3]. 

6.1.3. 1.3. Postoperative 
Postoperative hypothermia should be treated by the administration 

of convective or conductive heat until normothermia is achieved [3]. 
Active warming should be continued into the postoperative period until 
the patient’s body temperature is greater than 36 ◦C, and comfortably 
warm when transfer to recovery room/ward(20),of which,Forced air 
blankets and radiant heaters are most commonly used to warm patients 
in post-anesthesia recovery rooms [28,29]. 

7. Conclusion 

Hypothermia is least monitored complication during anesthesia and 
surgery results cardiac abnormalities, impaired wound healing, 
increased surgical site infections, shivering and delayed postoperative 
recovery, and coagulopathies. 

8. Strength 

This systematic review develops optional management of perioper
ative hypothermia. 

The study uses the latest PRISMA2020 diagram to find illegible 

. (continued). 
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studies(15). 

9. Limitation 

Bias of the study is not statically assessed. 
Only full articles free online are included in this review. 
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