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INTRODUCTION 

Inadvertent perioperative hypothermia, defined as having 

a central body temperature <36°C, is a common and 

treatable adverse clinical outcome of surgery.
1,2

 Its 

incidence varies between 26% and 90%, and it affects 

approximately 70% of the surgical patients.
2,3

 General 

anaesthesia can disrupt the thermoregulation mechanisms 

by blocking the communication between the central 

nervous system and peripheral tissues. Although changes 

in body temperature are usually stabilised with a standard 

deviation of 0.2°C, this change can reach 6°C in some 

patients under general anaesthesia.
4 

This problem could 

be attributed to the decrease in metabolic heat generation 

due to anaesthetics; patients being naked and immobile in 

a cold operating room environment, inhaling cold gases, 

heat losses from body cavities, transfusion of large 

amounts of blood and/or blood products, heat loss caused 

by the use of IV and irrigation fluids and impaired 

thermoregulation that results in the redistribution of heat 

from the centre to the periphery of the body.
5 

 

Disorders in thermoregulation could lead to serious 

complications such as haemostatic disorders, heart 
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dysfunction, liver dysfunction, coagulation disorders, 

renal dysfunction, immune dysfunctions or delayed 

wound healing.
6
 In addition, the prolonged hospital and 

intensive care unit, stay results in increased costs and 

decreased patient satisfaction.
7-9

 Therefore, prevention of 

inadvertent perioperative hypothermia is a high priority 

patient safety issue.
10

  

Adult patients who undergo surgery under general 

anaesthesia often experience inadvertent perioperative 

hypothermia.
5,9,11

 In evidence-based guidelines, it is 

recommend to use a range of active and passive warming 

methods with close monitoring of the patient’s body 

temperature for maintaining peri-operative 

normothermia.
1,12,13

 Among the active warming methods, 

hot forced-air warming is the most effective method. 

Another method recommended for the prevention of 

intraoperative hypothermia is the administration of 

warmed IV and irrigation fluids.
9,14

 In a Cochrane review, 

it was shown that in adult patients who underwent 

abdominal surgery under general anaesthesia, forced-air 

warming provided before or during the operation or in 

both periods had a beneficial effect in terms of reduced 

surgical site infections and complications, cardiovascular 

complications and shivering. Besides, this method 

increased the thermal comfort of patients compared to 

those without any active warming system.
1
 In another 

Cochrane review, intraoperative administration of heated 

IV and irrigation fluids had a beneficial effect on post-

operative body temperature and shivering. However, it 

was concluded that the clinical significance of this benefit 

was unclear because of the use of the method in addition 

to other active warming methods.
15 

Both interventions are 

clearly effective with varying levels of evidence in 

maintaining intraoperative normothermia and improving 

post-operative complications. These interventions have 

no reported side effects.
1,15

 However, well-designed 

studies comparing the effectiveness of the methods are 

needed to clearly determine the clinical benefit. 

In studies, the effect of active warming on body 

temperature, shivering and thermal comfort have been 

frequently examined, while little attention has been paid 

to the effects of active warming on post-operative pain,
 

nausea and vomiting.
13,16-19

 However, preventing these 

problems commonly experienced in the early post-

operative period is very important in accelerating the 

surgical recovery. 

The first physiological response of inadvertent 

perioperative hypothermia is shivering. Shivering 

develops in 5%-65% of patients operated under general 

anesthesia and is seen 3.3 times more in hypothermic 

patients after surgery than in normothermic patients.
13,20

 

Shivering elevates the risk of hypoxemia by increasing 

oxygen consumption
21

 and triggers post-operative pain, 

nausea and vomiting.
21,22

 With shivering, the severity of 

these complications increases owing to the effect of 

various drugs (anaesthetics, opioids, antibiotics, etc.).
23

 In 

addition, shivering disrupts the patient’s thermal comfort, 

which leads to deterioration of general comfort and 

decrease in the satisfaction with care.
5,9 

 

The relationship between shivering and pain was first 

mentioned by Sessler et al. It is thought that pain 

experienced along the surgical incision line may cause 

post-operative shivering. While shivering is facilitated by 

pain, shivering also exacerbates pain.
21,22

 Studies showing 

higher pain severity in hypothermic patients compared to 

normothermic patients support this view.
19 

 

Another unpleasant complication in patients undergoing 

surgery under general anaesthesia is post-operative 

nausea and vomiting.
24

 Although the relationship between 

post-operative nausea and vomiting and thermoregulation 

mechanisms is little known, the incidence of nausea is 

50% and the incidence of vomiting is >20%.
25,26

 These 

rates are >30% in hypothermic patients when compared 

to normothermic patients.
13

  

Post-operative shivering, thermal comfort, pain, nausea 

and vomiting are not life-threatening complications, but 

they must be prevented and treated as they affect the 

general comfort and care satisfaction of the patient.
27

 

Perioperative nurses have important roles in the 

prevention and treatment of these complications.
12

  

In this context, this trial will examine the effects of 

warming the patient intraoperatively with a forced-air 

warming device and the administration of warmed IV and 

irrigation fluids on patient outcomes that concern 

perioperative nurses, namely post-operative body 

temperature, shivering, thermal comfort, pain, nausea and 

vomiting. 

Hypotheses  

H1-Only forced-air warming device will better protect 

the post-operative body temperature and will be increased 

thermal comfort and will be decreased the post-operative 

shivering, pain level and the presence of post-operative 

nausea and vomiting of other groups (group 2, 3 and 4) 

with statistically significant differences. 

H2-Only warmed intravenous and irrigation fluids will 

better protect the post-operative body temperature and 

will be increased thermal comfort and will be decreased 

the post-operative shivering, pain level and the presence 

of post-operative nausea and vomiting of other groups 

(group 3 and 4) with the statistically significant 

differences. 

H3-Forced-air warming as well as warmed intravenous 

(IV) and irrigation fluids will better protect the post-

operative body temperature and will be increased thermal 

comfort and will be decreased the post-operative 

shivering, pain level and the presence of post-operative 

nausea and vomiting of other group (group 4) with 

statistically significant differences. 
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Aim 

The main purpose of this study is to determine the effect 

of individual and combined administration of 

intraoperative forced-air warming and heated IV and 

irrigation fluids on post-operative body temperature, 

shivering, thermal comfort, pain, nausea and vomiting in 

adult patients receiving general anaesthesia. 

The secondary objectives are to determine the effects of 

these interventions on the patient’s post-operative 

analgesic and anti-emetic requirement and the presence of 

complications such as bleeding, fever and atelectasis.  

METHODS 

Determination of the sample size 

For this trial, the sample size will be calculated by power 

analysis using the G*power (v3.1.7) programme. Since 

the power of the study will be expressed as 1-β (β =Type 

II error probability) and the studies should have 80% 

power, the sample number will be determined in the trial 

according to the Cohen’s effect size coefficient. 

Accordingly, assuming that the evaluations to be made 

between two independent groups will have a large effect 

size (d=0.8), there should be at least 26 people (n=104) in 

each group. Thirty people will be included (n=120) in 

each group.  

Ethical considerations 

This study will be conducted in accordance with the 

principles of the declaration of Helsinki (DTB general 

assembly, Fortaleza, Brazil, October 2013) and the 

medical research involving human subjects act, and 

written informed consent will be obtained from all 

participants throughout the research. This research was 

approved by the Clinical Research Ethics Committee of 

Marmara University Faculty of Medicine (Protocol 

number: 09.2020/770). Institutional permission was 

obtained from Yozgat Bozok University Research and 

Application Centre in which the research will be 

conducted (Date:14.05.2020, number:16142545-903.99-

E.10438). 

Population and randomization 

This study protocol describes the design of a single-

centre, single-blind and randomized controlled trial. This 

trial will be conducted in the operating room and surgical 

wards of a university hospital in Yozgat, Turkey. The 

study is registered at clinicaltrials.gov in June 2021 

(NCT04907617). The study was planned four groups. At 

the beginning of the study, the assignment sequence of 

patients who meet the inclusion criteria will be created 

with a random number generator 

(https://www.randomizer.org). The participants in the 

study will be allocated to one of four groups. In the trial, 

the participants will be assigned to the interventions and 

registered by the first author of this study. In this 

randomised controlled trial, a 2×2 factor design will be 

used in which each group will be randomly assigned an 

equal number of participants (Table 1). The design will 

allow an examination of the effects of each intervention 

on post-operative body temperature, shivering, thermal 

comfort, pain, nausea and vomiting as well as the effects 

of using these interventions individually and in 

combination.  

Table 1: Interventions allocated to each study group. 

Variables 

Warmed IV and 

irrigation 

solutions 

No warmed IV 

and irrigation 

solutions 

Forced air 

warming 
Group 3 Group 1 

No forced 

air warming  
Group 2 Group 4 

Inclusion and exclusion criteria were established in 

accordance with the literature.
16,29,30 

 

Inclusion criteria 

The patients with 18 years of age or older, received 

general anesthesia, surgery that lasted >1 hour, the class 

of American society of anaesthesiologists I-III (Table 2) 

and being able to communicate in Turkish will be 

included in the study. 

Exclusion criteria  

Patients having a pre-operative body temperature of 

≥37.5°C or <36°C, having undergone a surgical 

intervention that prevents measurement of body 

temperature by the tympanic route, having received 

intraoperative therapeutic hypothermia, having systemic 

infection, mental retardation, deterioration in temperature 

regulation such as isolated head trauma or brain injury, 

having received a drug therapy that would affect 

thermoregulation, having received heated IV fluid 

therapy up to one hour before anaesthesia induction will 

not be included in the study and patients who become 

unstable or exitus during and after the operation will be 

excluded from the study. 

Table 2: American society of anesthesiologists 

grading. 

ASA Description 

I Healthy individual with no systemic disease 

II Mild systemic disease not limiting activity 

III 
Severe systemic disease that limits activity but 

is not incapacitating 

IV 
Severe systemic disease that limits activity but 

is not incapacitating.  

V 
Incapacitating systemic disease which is 

constantly life-threatening 
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Blinding 

The participants will be blinded to the trial hypothesis 

and design to avoid being affected by the warming 

intervention.
31

 This aspect of the study has a "single-

blind" design. 

Interventions 

After the induction of anaesthesia, forced-air warming as 

well as warmed IV and irrigation fluids will be applied to 

the first group, the second group will be heated with only 

forced-air warming device, the third group will receive 

only warmed IV and irrigation fluids and the fourth group 

will be the control group without any intervention. 

After the induction of anaesthesia, for patients assigned 

to groups 1 and 2, the cover of the forced-air warming 

device (Bair HuggerTM Warming Unit, Model 505, 

Augustine Medical Inc., Eden Prairie, MN, USA) will be 

covered over the patient, with the surgical site exposed, 

and the temperature adjustment of the device will be set 

to the maximum (43°C). Then, the temperature will be 

adjusted to maintain a patient temperature of at least 

36.5°C.
14 

When the patient’s body temperature reaches 

37°C, the device will be turned off and it will be restarted 

at a temperature measurement of <36.5°C.
5
 

In patients assigned to groups 2 and 3, intraoperative IV 

(Automer blood/fluid warming system, Acemedikal, 

South Korea) and irrigation fluids (Enthermic Warming 

Cabinet 1002W, Poland) will be given by heating to 37°C 

in a thermostatically controlled heating cabinet.
32 

 

The patients assigned to group 4 will only receive 

‘routine care’. They will not be given intraoperative 

forced-air warming or heated IV and irrigation fluids. 

In all the groups, blood and/or blood products to be 

administered in case of intraoperative need, will be 

heated to 37°C with a heating system (Automer 

blood/fluid warming system, Acemedikal, South 

Korea),
9,11

 and the intraoperative body temperature will 

be monitored at 30-minute intervals.
5,9,11

 

Outcomes 

The data collection instrument, the individual and clinical 

features form and patient follow-up form was designed 

specifically for this study in accordance with the 

literature.
5,11,32

 This instrument used to record 

demographic information (age, gender, diagnosis, type of 

surgery, ASA class, presence of chronic disease, length 

of stay in hospital etc.) and outcome variables. After 

obtaining consent from the participants, socio-

demographic and clinical data will be gathered. Data on 

outcomes will be collected by a first researcher. The 

participants will be blinded as to the group assignment. 

Primary outcome measure 

The primary outcomes of this trial are post-operative 
body temperature, shivering, thermal comfort, pain, 
nausea and vomiting.  

Body temperature 

In the trial, the body temperature of the participants will 
be measured with a tympanic thermometer (Braun 
ThermoScan® 3, IRT 3030, Mexico, USA). This 
thermometer will be calibrated at regular intervals by the 
biomedical department of the hospital where the study is 

conducted, according to the manufacturer’s instructions. 

Thermal comfort 

The thermal comfort of the patients will be measured 
with a 100-point thermal comfort scale based on self-
reporting. The patients will be asked to score how 
comfortable they are with their body temperature 
[0=extremities too cold; 50=no discomfort (shivering or 
sweating); 100=extremities too hot] on a scale of 0-100 
points.

33
 This numerical rating scale has been used 

effectively in previous studies on thermal comfort.
18,33

  

Shivering 

Shivering will be assessed using a 4-point bedside 
shivering assessment scale developed by Badjatia et al 
[0=no shivering; 1=mild (shivering localised in the 
neck/thorax, only visible as an artefact on EEG or can be 
noted on palpation); 2=moderate (intermittent shivering 
in the upper extremities±thorax); 3=severe (diffuse 
shivering or continuous shivering in the upper/lower 
extremities)].

34
 The scale has been used effectively in 

previous studies on hypothermia.
18

  

Post-operative pain 

The post-operative pain of the patients will be assessed 
with the numerical rating scale (NRS) based on self-
reporting. The obtained NRS score will be considered as 
0=no pain, 1-3=mild pain, 4-6=moderate pain, 7-
10=severe pain. The confidence interval of NRS, which is 
one of the scales recommended for the assessment of 

acute pain in adults, is determined as 100%.
35,36

 

Post-operative nausea and vomiting 

Based on a previous study, the presence of post-operative 
nausea and vomiting of the patients in the trial will be 
considered as follows: 0=no nausea; 1=nausea without 

vomiting; 2=nausea with vomiting.
18

 

Secondary outcome measure 

The secondary outcomes are ambient temperature in pre-

operative waiting unit, operating room, post-anaesthesia 

care unit (PACU) and surgical clinics, patient’s blood 

pressure, heart rate and respiratory rate, duration of 
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operation of the intraoperative forced-air warming device, 

volume of IV and irrigation fluids delivered, the amount 

of bleeding present and the amount of blood and blood 

products applied by heating when required, post-

operative analgesic and anti-emetic drugs the status of 

applying blood and blood products,
 
and the presence of 

complications such as fever, bleeding and 

atelectasis.
17,19,29,30 

Discharge from the PACU 

Eligibility for discharge from PACU will be evaluated 

using the Modified Aldrete Score (MAS), which is a 

standardised post-anaesthesia discharge scoring tool 

(Table 3).
37,38

  

Table 3: The Modified Aldrete Score (MAS) system. 

Assessment 

items 
Condition  Grade  

Activity, able 

to move, 

voluntarily or 

on command  

4 extremities 2 

2 extremities 1 

No 0 

Breathing  

Able to breathe deeply and 

cough freely 
2 

Dyspnea, shallow or limited 

breathing 
1 

Apnea 0 

Circulation 

(BP) 

±20 % of pre-anesthesia level 2 

±20-49% of pre-anesthesia 

level 
1 

±50 of pre-anesthesia level 0 

Consciousness 

Fully awake  2 

Arousable on calling  1 

Unresponsive  0 

SpO2 

Maintains SpO2 > 92% in 

ambient air 
2 

Maintain SpO2 > 90% with O2 1 

Maintain SpO2 < 90% with O2 0 

Total  15 

Data collection procedure 

All patients consecutively admitted to the surgical clinic 

will be screened in terms of the inclusion criteria; patients 

who meet the inclusion criteria will be invited to the 

study and will be included in the study after obtaining 

informed written consent. In this process, the 

demographic and clinical information of the patient will 

be collected. The baseline measurement of the patients’ 

body temperature will be made in the pre-operative 

waiting unit (T0). Follow-up measurements will be 

collected at 13 time points, as follows: just before 

anaesthesia induction (T1) and every 30 min during the 

surgery (T2 1, 2 and 3…), at admission to PACU (T3), 30 

min after admission to PACU (T4), before discharge 

from PACU (T5), at admission to the surgical clinic (T6) 

and 30 min (T7) and 1 (T8), 2 (T9), 3 (T10), 4 (T11), 12 

(T12) and 24 h after admission to the clinic (T13). The 

baseline measurement of the patient’s thermal comfort 

(T0) will be performed in the pre-operative waiting unit, 

while the follow-up measurements will be carried out 

along with the body temperature measurements at PACU 

and surgical clinic (T3-T13). Post-operative shivering, 

pain, nausea and vomiting measurements of the patient 

will be made simultaneously with the body temperature 

and thermal comfort measurements at PACU and surgical 

clinic (T3-T13). Details and timing of data collection in 

the study is shown in Figure 1. 

In this process, all secondary parameters will be 

evaluated as follows: the ambient temperature in the pre-

operative waiting unit, operating room, PACU and 

surgical clinics and the patient's blood pressure, heart rate 

and respiratory rate, in these environments; the operating 

time of the intraoperative forced-air warming device; the 

volume of IV and irrigation fluids, the amount of 

bleeding present and the amount of blood and/or blood 

products warmed if required; MAS at discharge from 

PACU; analgesic and anti-emetic drugs administered up 

to 48 hours post-operatively;
 
the status of administering 

blood and blood products; and presence of complications 

such as fever, bleeding and atelectasis will be 

recorded.
1,7,17,19,30,32 

 

Figure 1: Data collection procedure. 
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Data analysis 

The data will be analysed using statistical software 

(IBM® SPSS® Statistics version 21). While evaluating 

the study data, descriptive statistical methods (ratio, 

mean, standard deviation and median) as well as Shapiro-

Wilk test and box-plot graphs will be used to ensure the 

compliance of the variables with the normal distribution. 

Paired two-sample t-test will be used to compare the 

normally distributed data according to pairwise time 

within the group, and Wilcoxon test will be used to 

compare the data that is not normally distributed. 

McNemar test will be used to compare two-state 

categorical data according to in-group binary time, and 

McNemar-Browker test will be used to compare 

categorical variables with three or more states. The 

Friedman test will be used to compare data that is not 

normally distributed over three or more times. Pearson 

correlation coefficient will be used to analyze the 

relationship between normally distributed data, and 

Spearman's rho correlation coefficient will be used to 

analyze the relationship between non-normally 

distributed data.Paired two-sample t-test will be used to 

compare the normally distributed data according to 

pairwise time within the group, and Wilcoxon test will be 

used to compare the data that is not normally distributed. 

McNemar test will be used to compare two-state 

categorical data according to in-group binary time, and 

McNemar-Browker test will be used to compare 

categorical variables with three or more states. The 

Friedman test will be used to compare data that is not 

normally distributed over three or more times. Pearson 

correlation coefficient will be used to analyze the 

relationship between normally distributed data, and 

Spearman's rho correlation coefficient will be used to 

analyze the relationship between non-normally 

distributed data. Chi-square test and Fisher’s exact test 

will be used to compare qualitative data. Results will be 

evaluated at 95% confidence interval and a significance 

level of p<0.05. 

Primary study parameter 

The basic analysis is the comparison of post-operative 

body temperature, shivering, thermal comfort, pain, 

nausea and vomiting between the groups. Generalised 

linear models will be used in repeated measurements. 

Secondary study parameter 

Shapiro-Wilk test and box-plot graphs will be used in 

analysing the conformity of the variables to normal 

distribution, such as duration of operation, volume of 

intraoperative heated blood/fluids measure the blood 

pressure, heart rate, respiratory rate, saturation and 

amount of blood loss, MAS score, amount of analgesic 

and anti-emetic applied up to 48 hours post-operatively, 

the amount of blood and blood products administered, the 

presence of complications. For normally distributed 

variables, one-way ANOVA test, and for variables that 

do not show normal distribution, Kruskal-Wallis test will 

be used.  

DISCUSSION 

Inadvertent perioperative hypothermia, a common 

clinical consequence of general anaesthesia, has serious 

adverse consequences ranging from the patient’s thermal 

discomfort to increased morbidity and possible 

mortality.
9,14

 Despite the current technological and 

scientific advances in its prevention and management, 

inadvertent perioperative hypothermia is often 

overlooked in practice and remains to be a problem 

during the perioperative period.
9,11

 National and 

international evidence-based guidelines recommend the 

use of intraoperative forced-air warming and warmed IV 

and irrigation fluids in adult patients undergoing surgery 

under general anaesthesia.
5,9,11

 While these methods have 

varying levels of evidence in achieving normothermia 

and alleviating post-operative complications,
 

quality 

studies comparing the effectiveness of the methods are 

needed to clearly determine the clinical benefit.
1,15

 In 

addition, although the effects of these interventions on 

post-operative body temperature, shivering and thermal 

comfort have been studied frequently, their effects on 

pain, nausea and vomiting have been investigated only in 

a limited number of studies.
18,21,25

 Peri-operative nurses 

have important responsibilities in the prevention and 

treatment of these post-operative complications. In this 

context, perioperative nurses are critical in determining 

the best practice in preventing hypothermia and achieving 

normothermia.
39 

CONCLUSIONS 

This study is the first trial to meticulously evaluate the 

effects of warming the patient with intraoperative forced-

air warming and the administration of heated IV and 

irrigation fluids on the outcomes with which the 

perioperative nurses are concerned in accelerating 

recovery. These outcomes include body temperature, 

shivering, thermal comfort, pain, nausea and vomiting. In 

addition, the research design will provide valuable 

evidence for perioperative clinical practice and provide a 

one-to-one comparison of the effects of using these 

interventions alone and in combination. 
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