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ABS TRACT  
 

 

BACKGROUND 

Subarachnoid block (SAB) is a versatile regional anaesthesia technique for lower 

limb surgeries. Hypothermia (shivering) is a frequent, potentially serious event 

after spinal anaesthesia which can lead to severe complications. Several methods 

are used to minimize perioperative hypothermia and shivering.  

 

METHODS 

A hospital based prospective study was conducted in Government Medical College, 

Thrissur, over 12 months from January 2019 to January 2020. 260 American Society 

of Anesthesiologists physical status I and II patients undergoing elective surgeries 

under spinal anaesthesia were included. Prior to surgery patients were randomly 

allotted into two groups; Group 1 and Group 2. Group 1 patients were pre-warmed 

for 20 minutes and Group 2 were not pre-warmed. Measurement of body 

temperature, vital signs and shivering score was taken peri-operatively. Occurrence 

of hypothermia and shivering was observed intraoperatively and one hour 

postoperatively.  

 

RESULTS 

Baseline demographic data of the 2 groups was comparable. Temperature was 

persistently lower at all points except baseline in Group 2 compared to Group 1. Of 

those pre-warmed, 4.6 % and amongst those not pre-warmed, 65.4 % had shivering. 

Difference is statistically significant with chi square of 105.5 and p value <.001. 

 

CONCLUSIONS 

Incidence of hypothermia and shivering is found to be less in the pre-warmed. 

Hence, forced pre-warming has significant influence on hypothermia and shivering. 
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BACK GRO UND  
 

 

 

Neuraxial anaesthesia as an alternative to general 

anaesthesia greatly adds to the anaesthesiologist’s arsenal. 

Regional anaesthesia (spinal anaesthesia) is used as a safe 

technique for elective and emergency anaesthetics. Neuraxial 

techniques are safe when well managed. However, 

complications like self-limited back soreness, post dural 

puncture headache, debilitating permanent neurologic deficit 

or even death can still occur, albeit rarely. 

Humans are homeothermic, requiring a near-constant 

internal body temperature.1 When internal temperature 

deviates significantly from normal, metabolic functions 

deteriorate, and death results. The thermoregulatory system 

maintains core body temperature within tenths of a degree of 

“normal,” which is approximately 37° C in humans.2 

In 40-70% patients undergoing regional anaesthesia 

shivering is an event, making it fairly frequent.3 Prolonged 

impairment of thermoregulatory autonomic control under 

anaesthesia along with cold operating room environment and 

infusion fluids, contribute to fall in core body temperature 

causing shivering. Other known causes include transfusion 

and drug reactions, pre-existing high-grade fever or 

bacteraemia or infusion of contaminated intravenous fluids. 

Shivering is a serious event, causing an increase: in 

metabolic rate, oxygen consumption, carbon dioxide (CO2) 

production, ventilation and cardiac output - leading to 

adverse postoperative outcomes. Shivering during 

anaesthesia can be controlled by non-pharmacological and 

pharmacological methods. Forced air pre-warming is a non-

pharmacological method to decrease perioperative 

hypothermia and shivering.  

Perioperative hypothermia is a common thermal 

disturbance while giving anaesthesia. Every patient 

undergoing surgery is at risk of developing it perioperatively 

due to reasons like evaporative heat loss from open body 

cavities, exposure to cold in preoperative and surgical suites, 

reduced metabolic heat production (no muscular activity), 

room-temperature antimicrobial skin preparations and IV 

fluids, cold operating room beds or various pharmacological 

agents. When internal body temperature deviates 

significantly from normal, metabolic functions deteriorate, 

resulting in serious complications. The thermoregulatory 

system maintains core body temperature within 0.2oC of 

normal, i.e. ~37oC. Prolonged impairment of 

thermoregulatory autonomic control under anaesthesia along 

with cold operating room ambient temperatures and infusion 

fluids, contribute to a fall in core temperature. 

Incidence of postoperative hypothermia ranges from 26% 

to 90% in patients undergoing elective surgery.4 

Consequences of hypothermia are both physiological and 

psychological, causing more problems than just a mere 

unpleasant experience of patients feeling ‘cold’. Perioperative 

hypothermia causes several complications like shivering, 

thermal discomfort, coagulopathy, increased transfusion 

requirement, delayed drug metabolism, increased risk of 

surgical site infection, tissue ischemia, delayed wound healing 

etc. Also, it reduces patient satisfaction and prolongs hospital 

stay, increasing hospital costs. Understanding normal and 

anaesthetic drug influenced-thermoregulation helps 

prevention and management of such complications. Although 

shivering as a consequence of perioperative hypothermia is 

rarely the most serious, it is fairly frequent and remains 

poorly understood. Shivering is potentially a serious event, 

causing increased metabolic rate -- oxygen consumption is 

increased by 200% - 500% along with a linear increase in 

carbon dioxide (CO2) production, ventilation and cardiac 

output -- and adverse postoperative outcomes. Hypothermia 

triggers vasoconstriction and increases vascular resistance. 

Thus, in somebody with an already limited myocardial 

oxygen supply, shivering further compromises myocardial 

function. 

Treatment and prevention are key factors in reducing 

incidence of hypothermia. Various methods available to 

control shivering during anaesthesia include non-

pharmacological and pharmacological. Maintaining 

normothermia during perioperative period results in reduced 

hospital costs, decreased intraoperative bleeding, faster 

recovery, lower infection rates, and better thermal comfort, 

ultimately resulting in higher patient satisfaction. 

A study by L Reynolds et al.5 showed that mild 

perioperative hypothermia results in derangement of 

myocardial energetics and adverse myocardial outcomes in 

high-risk patients. Mild hypothermia significantly increases 

blood loss, augments allogenic transfusion requirements and 

increases incidence of surgical wound infection. Mild 

perioperative hypothermia also changes the kinetics and 

action of various anaesthetic and paralyzing agents, increases 

thermal discomfort and precipitates delayed post-anaesthetic 

recovery. 

A study by Fatma Kavak Akelma et al.6 demonstrated that 

perioperative forced-air warming preserved core body 

temperature, reduced incidence of hypotension during 

induction, increased thermal comfort and improved 

satisfaction in TURP patients, but did not decrease shivering. 

A study by J. Andrzejowski et al.7 on ‘effect of pre-

warming on core temperature after induction and 

perioperative hypothermia occurrence in general anaesthesia 

patients showed a lesser decrease in mean core temperature 

and temperature maintained above the hypothermic 

threshold of 36°C, in the prewarmed group. 

In a study by Melissa Bucci Adriani et al.8 on ‘preoperative 

forced-air warming combined with intraoperative warming 

versus intraoperative warming alone in prevention of 

hypothermia during gynaecologic surgery’ in 30 patients 

showed preoperative warming with the Bair Paws gown 

offered no benefit over conventional therapy in maintaining 

normothermia in perioperative period. 

A randomized control trial in 200 patients by E-P Horn9: 

‘The effect of short time periods of pre-operative warming in 

prevention of peri-operative hypothermia’ showed significant 

differences in core temperature changes between the non-

pre-warmed and all pre-warmed groups and summarized 

that pre-warming of patients for only 10-20 min before 

general anaesthesia mostly prevents hypothermia, reducing 

shivering. 

The randomized trial of pre-warming by Melling and 

colleagues10 involving more than 400 patients was powered 

to look for differences in postoperative complications and 

showed a significant decrease in postoperative wound 

infections in pre-warmed patients. However, incidence of 

perioperative hypothermia was not actually different 

between the groups. The authors postulated that pre-

warming improved peripheral circulation in the preoperative 
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period, thus increasing tissue oxygenation and the protective 

effect of this increased tissue partial pressure of oxygen may 

persist in the postoperative period of shorter surgeries. 

The study by Vanni and colleagues11 showed an 

impressive effect of pre-warming, but was flawed both by 

inadequate power and by having a control group that was 

significantly hypothermic before anaesthetic induction. 

Hirvonen and Niskanen12 tested the thermal suit in a 

previous study of patients in regional anaesthesia with a 

control group wearing hospital clothing, where both groups 

received active warming if the patient felt cold or the 

temperature dropped below 35.0o C. They found that with the 

use of the thermal suit, significantly less hypothermia 

occurred in the post-anaesthesia care unit. 

Kim et al.13 assessed the effectiveness of cutaneous 

warming during anaesthesia preparation on temperature and 

hemodynamic variables in early operative period in patients 

undergoing off-pump coronary artery bypass surgery and 

found that MAP values remained within normal range at pre-

induction period in warmed patients but not in the un-

warmed. 

The objective of the present study is to identify a simple 

and cost-effective method like preoperative warming to 

prevent perioperative hypothermia and shivering for a better 

patient outcome. 

 

 
 

ME TH OD S  
 

 

This prospective study entitled “The effect of preoperative 

warming in preventing hypothermia and shivering in patients 

for lower limb surgery under subarachnoid block” was done 

over a period of 12 months in the Department of 

Anaesthesiology, Government Medical College, Thrissur, 

Kerala, India, from January 2019 to Jan 2020. This was 

undertaken after obtaining ethical committee clearance and 

an informed consent from all participants. Patients in age 

group of 18 – 60 years of either sex of ASA physical status 

grade I & II were included in this study. Patients with fever, 

body mass index (BMI) more than 30 kg /m2, history of 

convulsions, thyroid disorder, known psychiatric or musculo-

skeletal disorders were excluded. “The effect of short time 

periods of pre-operative warming in the prevention of per-

operative hypothermia” by EP Horn, B Bein et al. was taken as 

the reference study to calculate the sample size for 5 % level 

of significance and 80% power using the equation. 

 

𝑁 =
√2𝑝𝑞 × 1.96 + √𝑝₁𝑞₁ + √𝑝₂𝑞₂ × 0.84

𝑑²
 

Where, p is the average, i.e. 
𝑝1+𝑝2

2
 

p1 is the proportion of the effect in the first group, 

p2 is the proportion of the effect in the second group, 

q1 is (100 - p ), 

q2 is (100 - p2) and 

d is the precision / maximum variability we can afford. 

As per the formula, sample size was taken as 130 in each 

group.9 

A pre-anaesthetic check-up with a detailed history of 

present condition, co-morbidities, previous surgical history, 

proper general and systemic examinations and airway 

assessment was done. Informed written consent was 

obtained for participation in the study. Minimum 8 hours 

fasting for solid food was ensured before giving anaesthesia. 

Patients were grouped into one of two study groups by 

anaesthesia medical officer in charge: an active warming 

group or a control group. The first 130 patients who fulfilled 

the inclusion criteria were included for pre-operative 

warming and the subsequent number, in the second group. 

Patients were included according to the discretion of the duty 

anaesthesiologist and the investigators had no say in the 

matter. Throughout the study period the preoperative 

holding area, operating room and post anaesthesia care unit 

were maintained at a temperature of 22-24oC. Baseline 

axillary temperature readings was obtained for all patients in 

preoperative holding area. Patients in active warming group 

received 20 minutes active warming with forced-air blanket 

set at 43°C, placed over entire body. Following this warming 

period, forced-air blanket was removed and patient 

transferred to operating room. Patients in the non-pre-

warming group (Group 2) were only covered with bed sheet. 

Spinal anaesthesia was administered in operating room, all 

patients receiving hyperbaric bupivacaine. After spinal 

anaesthetic was performed, patients in both groups 1 & 2 

were covered with standard double layer bed sheet over 

upper half of body and given warm IV fluids. Similar to 

baseline body temperature, vital signs and shivering scores 

recorded on arrival in pre-operative holding area. 

Measurements were taken on arrival in operating room, 

immediately after induction of spinal anaesthesia and every 

10 min  throughout surgery and 1 hour postoperatively. 

Rescue medication for shivering was IV pethidine 0.5- 

1mg/kg. Active warming and IV pethidine were given even in 

absence of shivering if patient complained of thermal 

discomfort. Self-made proforma was filled up to document 

patient information, pre-anaesthetic check-up details, intra-

operative monitoring and grade of shivering if any. 

Thermometers, pulse oximeters, multi parameter and ECG 

monitors were used. 

Grades of shivering. 

Grade 0 - No shivering 

Grade 1 – pilo-erection/ peripheral vasoconstriction but no 

visible shivering. 

Grade 2 - muscular activity in only 1 muscle group; 

Grade 3 - muscular activity in >1 muscle group but not 

generalized. 

Grade 4 - shivering involving whole body 

Grade 2 shivering was considered significant 

 

 

S ta ti s ti cal  An aly si s  

Data was entered in Microsoft Excel software, and analysed 

using STATA software version 12 (manufactured by 

StataCorp LP, College Station, Texas). 

In both groups continuous variables like age, height, 

weight and BMI were summarized as mean and standard 

deviation. ASA category summarized as proportions between 

both groups. 

Body temperature at different time points summarized as 

mean with SD. Presence of significant shivering, need for 

active warming and IV pethidine summarized as proportions. 

Association between body temperature at different time 

points and groups was tested using unpaired t – test. 
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Association between categorical variables and pre-warming 

was assessed using chi square test. 

 

 
 

 

RES ULT S  
 

 

 

The results are presented under socio demographic 

characteristics and outcome analysis. 

 
  Mean SD P Value 

Age 
Gro u p 1  
Group 2 

45.52 
46.04 

8  
8.3 

0 .6 0  

Weight 
Gro u p 1  
Group 2 

6 6 .3 4  
66.22 

6 .0  
5.6 

0 .8 6  

Height 
Gro u p 1  
Gro u p 2  

1 6 6 .4 8  
166.34 

7 .2  
5.9 

0.86 

BMI 
Gro u p 1  
Gro u p 2  

23.97 
2 4 .0 2  

2 .1  
2.6 

0.88 

Table 1. Socio Demographic Characteristics 

 

The age of participants ranged from 31 to 59 years. And 

the groups were comparable when the age was compared 

using unpaired t-test with p value 0.60. The weight of 

participants was not significantly different between the 

groups with p value 0.86. The height of participants was not 

significantly different between the groups with p value 0.86. 

The BMI of participants was not significantly different 

between the groups with p value 0.88. 

 

ASA PS 
Number of Participants, n (%) 
Group 1 Group 2 

1 96 (73.85) 95 (73.08) 
2 34 (26.15) 35 (26.92) 
 χ2 =0.02, p value =.89 

Table 2. Distribution of ASA PS Grade within Each Group 

 

There was no significant difference in the distribution of 

ASA categories between the two arms (p value =.89). 

 

Out come A na ly si s  
 

 Group 1 Group 2 P Value 
  

Baseline 36.9(0.2) 36.9 (0.2) .77 
T2 37.7 (0.4) 36.7 (0.2) <.001 
T3 36.6(0.3) 35.4 (0.4) <.001 
T4 36.1 (0.4) 34.8 (0.2) <.001 

Table 3. Body Temperature at Different Time Points between the 
Groups 

 

Temperature was persistently lower at all points except 

baseline in the Group 2 compared to Group 1. At baseline 

body temperature was comparable between the groups with 

p value.77. 

 

Peri-op Shivering 
Number of Participants, n (%) 
Group 1 Group 2 

Significant 6 (4.6) 85 (65.4) 
Non-significant 124 (95.4) 45 (34.6) 

 χ2 =105.5, p value <.001 

Table 4. Incidence of Peri-operative Shivering 

 

There was increased incidence of significant peri-op 

shivering in Group 2 and the difference was statistically 

significant with chi square of 105.5 and p value <.001. 

 

Active Warming 
Number of Participants, n (%) 
Group 1 Group 2 

Yes 12 (9.2) 109 (83.8) 
No 118 (90.8) 21 (16.2) 

 χ2 = 145.4, p value <.001 

Table 5. Need for Active Warming 

There was increased need of active warming in Group 2 

and the difference was statistically significant with chi square 

of 145.4 and p value <.001. 

 

IV Pethidine Need 
Number of Participants, n (%) 

Group 1 Group 2 
Yes 6 (4.6) 86 (66.2) 
No 124 (95.4) 44 (33.8) 

 χ2 = 107.7, p value <.001 

Table 6. Need for IV Pethidine 

 

There was increased need for IV pethidine in Group 2 and 

the difference was statistically significant with chi square of 

107.7 and p value <.001. 

 

 
 

 

DI SCU S SI ON  
 

 

Hypothermia during anaesthesia is the most common 

perioperative thermal disturbance and is preventable. Every 

patient undergoing surgery is at risk of developing 

perioperative hypothermia due to decreased core body 

temperature. Prolonged impairment of thermoregulatory 

autonomic control under anaesthesia along with cold 

operating room environs and infusion fluids, contribute to fall 

in core body temperature. One complication of hypothermia 

is shivering which adversely affects patient outcome. This 

study was intended to find the effect of preoperative 

warming in preventing hypothermia and shivering. 

Baseline demographic data of 2 groups were comparable. 

Mean age for Group 1 was 45.52 years with standard 

deviation of 8 and Group 2 was 46.04 years with SD of 8.3. 

The p value of 0.6 was not statistically significant. Mean 

weight for Group 1 was 66.34 kg with SD 6.0 and Group 2 was 

66.22kg with SD 5.6. p value calculated 0.86 was not 

significant statistically. Mean height for Group 1 was 

166.48cm with SD 7.2 and Group 2, 166.34cm with SD 5.9. 

The p value 0.86 had no significance statistically. Chances of 

confounding in terms of age, weight and height were thus 

excluded. Temperature was persistently lower at all points 

except baseline in Group 2 compared to Group 1. At baseline, 

temperature was comparable between the groups with p 

value 0.77. Out of those pre-warmed, 4.6% and among those 

who were not, 65.4% had shivering. This difference was 

statistically significant with chi square of 105.5 and p value 

<001. 83.8 % of Group 2 needed active warming while only 

9.2 % of Group 1 needed it. 4.6% patients needed IV 

pethidine for shivering in Group 1 while 66.2 % of Group 2 

patients needed it, which was statistically significant with chi 

square of 107.7 and p value <001. 

Result of our study were comparable to the Jun J et al. 

study which showed use of pre-anaesthetic active warming 

with a forced-air warmer in combination with pre-warmed IV 

fluids effective in reducing rates of maternal hypothermia 

and shivering.14 

The study by FK Akelma et al. demonstrated that 

perioperative forced-air warming preserved perioperative 

core body temperature, reduced incidence of hypotension 

during the induction period, increased thermal comfort and 

improved patient satisfaction, but did not affect shivering in 

patients undergoing TURP surgery under general 

anaesthesia. 
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Hypothermia causes reduction in splanchnic blood flow 

and suppression of liver function, prolonging the action of 

anaesthetic drugs like pancuronium, and morphine, which 

depend on the metabolic or excretory functions of the liver.15 

Patients with intraoperative hypothermia have a higher 

serum concentration of norepinephrine, more intense 

peripheral vasoconstriction and also higher arterial 

pressures in the early postoperative period.16 

When compared to normothermic patients, patients with 

intraoperative hypothermia had a threefold higher incidence 

of myocardial ischemia on ECG and a 12-fold increase of 

angina postoperatively in another study.17 These findings 

lend more credence for pre-warming to reduce the incidence 

of hypothermia and shivering in patients under subarachnoid 

block. 

The randomized trial of pre-warming by Melling and 

colleagues involving more than 400 patients was powered to 

look for differences in postoperative complications and 

showed a significant decrease in postoperative wound 

infections in pre-warmed patients. However, incidence of 

perioperative hypothermia between the groups was no 

different. 

In a landmark study in 1987, evaluating the effect of local 

hyperthermia on subcutaneous oxygen tension and blood 

flow, Rabkin and Hunt had found a linear correlation between 

subcutaneous tissue temperature and oxygen tension.18 The 

authors postulated that pre-warming improved peripheral 

circulation in the preoperative period, thus increasing tissue 

oxygenation. It is suggested that this protective effect of 

increased tissue partial pressure of oxygen would last into 

the postoperative period in short-duration surgery. 

 

 
 

 

CONC LU S ION S  
 

 

 

Our study was to gauge the effect of preoperative warming in 

preventing hypothermia and shivering in patients undergoing 

lower limb surgery under lumbar subarachnoid block. From 

this study we found that 20 minutes of warming in the pre-

operative period reduces the rate of temperature reduction, 

decreases perioperative shivering, increases thermal comfort 

and improves patient satisfaction. 

 

 

Li mi t a ti on s  

The inclusion criteria of an age group of 18 - 60 years 

includes people in the geriatric age who are inherently 

vulnerable to hypothermia. Also, some patients who 

complained of feeling cold and requested warming measures 

were actively warmed even without shivering. Thus, in Group 

1, only 6 (4.6%) patients had significant shivering but we 

actively warmed 12 (9.2 %) and in Group 2, 85 (65.4%) 

patients had significant shivering but 109 (83.8%) were given 

active warming on demand. 
 

Data sharing statement provided by the authors is available with the 

full text of this article at jemds.com. 

Financial or other competing interests: None. 

Disclosure forms provided by the authors are available with the full 

text of this article at jemds.com. 
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