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Abstract

Background: Arthroplasty patients are at high risk of hypothermia. Pre-warming with

forced air has been shown to reduce the incidence of intraoperative hypothermia.

There is, however, a lack of evidence that pre-warming with a self-warming

(SW) blanket can reduce the incidence of perioperative hypothermia. This study aims

to evaluate the effectiveness of an SW blanket and a forced-air warming (FAW)

blanket peri-operatively. We hypothesised that the SW blanket is inferior to the

FAW blanket.

Methods: In total, 150 patients scheduled for primary unilateral total knee arthro-

plasty under spinal anaesthesia were randomised to this prospective study. Patients

were pre-warmed with SW blanket (SW group) or upper-body FAW blanket (FAW

group) set to 38�C for 30 min before spinal anaesthesia induction. Active warming

was continued with the allocated blanket in the operating room. If core temperature

fell below 36�C, all patients were warmed using the FAW blanket set to 43�C. Core

and skin temperatures were measured continuously. The primary outcome was core

temperature on admission to the recovery room.

Results: Both methods increased mean body temperature during pre-warming.

However, intraoperative hypothermia occurred in 61% of patients in the SW group

and in 49% in the FAW group. The FAW method set to 43�C could rewarm hypo-

thermic patients. Core temperature did not differ between groups on admission to

the recovery room, p = .366 (CI: �0.18–0.06).

Conclusions: Statistically, the SW blanket was non-inferior to the FAW method. Yet,

hypothermia was more frequent in the SW group, requiring rescue warming as we

strictly held to the NICE guideline.

Trial Registration: Clinicaltrials.gov identifier: NCT03408197.
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Editorial Comment

Clinical efficacy of two different patient warming apparati during spinal anaesthesia and knee

arthroplasty was assessed. The authors chose non-inferiority as the analysis form, but due to

necessary protocol deviations, the results were mixed.

1 | INTRODUCTION

Arthroplasty patients are at high risk of developing intraoperative

hypothermia1 and resultant well-known adverse effects.2–5 The inci-

dence of inadvertent hypothermia can be reduced by pre-operative

warming.6 The most widely used warming method is the forced-air

warming (FAW), which has been shown to be effective in periopera-

tive settings.7,8

An active single-use self-warming (SW) blanket (Barrier®

EasyWarm®, Mölnlycke Health Care AB, Gothenburg, Sweden,

model 629900) is an option for warming patients peri-opera-

tively.9 The SW blanket consists of 12 warming pads (13 � 10 cm)

containing iron powder which oxidises when exposed to air and

heat is produced. The warming pads reach an average temperature

of 40�C within 30 min, with a maximum temperature of not more

than 43�C. The temperature of the pads is maintained for up

to 10 h.

The SW blanket offers advantages over the FAW method

in certain important aspects. For example, the SW blanket does

not need additional equipment or electric current, it is noiseless,

does not generate air turbulence and is readily available. The

superiority of the SW blanket over standard hospital clothing

has been reported elsewhere.10 However, other randomised

controlled trials which have compared the peri-operative use

of the SW blanket with the FAW blanket under spinal anaesthesia

(SA) or general anaesthesia (GA) have yielded conflicting

results.11–13

The aim of this trial was to investigate whether the SW blanket is

non-inferior to the FAW blanket in maintaining normothermia in

patients undergoing elective unilateral total knee arthroplasty (TKA).

We hypothesised that the SW blanket is inferior to the upper-body

FAW blanket.

2 | METHODS

Ethical approval for this single-centre study (ETL R17136) was pro-

vided by the Regional Ethics Committee of the Expert Responsibility

area of Tampere University Hospital, Tampere, Finland (Chairperson

Prof. Matti Korppi) on 3 October 2017. The study was registered in

ClinicalTrials.gov on 17 January 2018 (Code NCT03408197). Written

informed consent was obtained from all patients prior to their inclu-

sion in the study. The study was conducted according to rules and

regulations of the Declaration of Helsinki. Personal data were pro-

cessed in accordance with the European Union's General Data Protec-

tion Regulation requirements.

2.1 | Participants and randomisation

The study population comprised patients who were scheduled for pri-

mary unilateral TKA under SA in Coxa Hospital for Joint Replacement,

Tampere, Finland. Inclusion criteria were age 40–90 years, American

Society of Anesthesiologists ASA physical status I–III and body mass

index from 25 to 40.14 Exclusion criteria were GA or inability to give

written consent. Assessment for eligibility was verified in advance

(S-LL). After arriving at the lounge of the surgical ward on the day of

the surgery, patients were recruited (S-LL, JK, AA) and equally and

randomly allocated to have either an SW blanket (SW group) or an

upper-body FAW blanket (3M™ Bair Hugger™, Arizant Healthcare Inc,

Eden Prairie, MN, USA; model 62200; FAW group) according to a

sealed randomisation envelope which was opened after consent was

obtained. A computer-generated list of random numbers was used.

2.2 | Study design

In accordance with the hospital's standard of care, patients were given

paracetamol 1 g and cetirizine 10 mg per os as pre-medication. In

addition, two thirds of the patients were given extended-release oxy-

codone/naloxone 5/2.5 mg or 10/5 mg per os. Patients waited for

the surgery in the lounge where they were picked up to the preopera-

tive holding area. Before SA induction, patients were pre-warmed in

supine position for 30 min in a preoperative holding area. After

pre-warming, standard monitoring (non-invasive blood pressure,

electrocardiography and pulse oximetry) was applied, intravenous

access was opened, and SA was induced with isobaric bupivacaine

(Bicain Spinal 5 mg/mL, Orion Pharma, Espoo, Finland) in lateral

position. After ensuring the complete motor block of the lower

limb to be operated, patients were transferred to the operating

room. During surgery, patients received propofol sedation, if

desired, which was induced and maintained with target-controlled

infusion with Schnider model effect site initially set to 1.0 μg/mL

(TCI, Asena™ PK, Alaris Medical Systems, Basingstoke, UK) and

raised when needed. To verify the adequate positioning of the knee

prosthesis, antero-posterior and lateral radiographs of the operated

knee were taken outside the OR. Thereafter, patients were trans-

ferred to the recovery room (RR).

2.3 | Warming and temperature control

The SW blanket was opened and unfolded at least 30 min before

use. It was placed on the patient's entire body for pre-warming.
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The upper-body FAW blanket was set to 38�C and placed longitudi-

nally on the patient for pre-warming. To ensure sterile conditions,

active warming was discontinued during induction of SA. The FAW

was turned off during transfer of the patient to the OR and the

RR. Both blankets were applied on the upper-body and arms, and a

warm cotton blanket was placed over the non-surgical limb in the

OR. The FAW was turned on at 38�C after surgical draping. The

patient's head was left uncovered. Intravenous fluids were taken from

the warming cabinet (Termaks AS, Bergen, Norway, model B 9420)

set to 37.5�C, but the fluids were not warmed in the OR.

Core temperature was measured with a non-invasive zero heat

flux (ZHF) method (3M™ Bair Hugger™ Temperature Monitoring

System, Arizant Healthcare, Eden Prairie, MN, USA). The sensor was

placed on the right side of the forehead. Skin temperature (Skin

Temperature Probe®, GE Healthcare Oy, Helsinki, Finland) was mea-

sured from the chest and upper arm on the right side, and from the

thigh and leg contralateral to the site of the surgery.15 Core and skin

temperatures were continuously measured from the beginning of

the pre-warming period up to 1 h postoperatively. The data were

retrieved for statistical analyses at the beginning and the end of pre-

warming, and thereafter at 10-min intervals. The ambient tempera-

ture of the lounge, preoperative holding area and OR was controlled

and measured.

Hypothermia was defined as core temperature below 36.0�C, as

indicated in the NICE guideline.16 If intraoperative hypothermia

existed, the patient, regardless of the study group, was warmed with

an upper-body FAW blanket set to 43�C. Postoperatively, FAW was

initiated when a patient shivered or felt cold, or the measured core

temperature was below 36.0�C. Active warming was discontinued at

any time when the core temperature exceeded 37.0�C or the patient

complained of discomfort.

2.4 | Statistical analysis

The primary outcome measure was the core temperature value on

admission to the RR. Secondary outcomes were core and peripheral

temperature changes peri-operatively, the usability and conve-

nience of the warming methods, related costs and postoperative

complications.

The non-inferiority design was chosen with the widely used

FAW method as an active control.17 We predetermined an inferiority

margin to be 0.2�C, since the margin had to be narrower than usually

used 0.5�C in superiority trials12 and further, 0.2�C was the accuracy

of the ZHF thermometer.18 For the sample size calculation, a SD of

0.4�C was chosen10 with an alpha error of 0.05 and a power of 0.9.

The sample size of 69 patients per group was calculated. To allow

for dropouts, 75 patients were enrolled for each study group.

Initially, all patients were allocated the warming blanket according

to randomisation and there were no changes between groups. The

results were analysed using intention-to-treat analysis.

Statistical analyses were performed using SPSS Version 27.0 (IBM

Corp: Armonk, NY). Continuous data are reported as mean (SD) or

median with quartiles (Q1–Q3). Categorical data are expressed as

Eligible pa�ents
n=155Enrollment

Included in the study
n=150

Inclusion

Declined to 
par�cipate n=5

SW group
n=75

FAW group
n=75

Analysed n=73
Converted to GA n=1

Discon�nued n=1

Analysed n=74
Converted to GA n=1

Analysis
F IGURE 1 SW, self-warming;
FAW, forced-air warming; GA, general
anaesthesia.
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n (%). Independent samples t-test or paired samples t-test were used

for parametrical continuous data, Mann–Whitney test for non-

parametrical data and χ2 test for binominal data. The effect size and

CI were calculated.

To evaluate the thermal redistribution, we applied Ramanathan's

formula,15 where four peripheral temperatures are used to calculate

mean skin temperature (MST): MSTR = 0.3 � (Tchest + Tarm) + 0.2 �
(Tthigh + Tleg). To evaluate body heat content, mean body temperature

was calculated by using Burton's formula19: MBTB = 0.64 � Tcore +

0.36 � TMST.

Temperatures were measured as degrees Celsius. A p < .05 was

considered statistically significant.

3 | RESULTS

The data were collected between November 2018 and November

2019. The follow-up lasted until May 2020. During the study period,

155 patients were screened for eligibility. Of these, five declined to

participate in the study. Enrolled patients were randomised to either

the SW group (n = 75) or the FAW group (n = 75). Data of three

patients were excluded from the final analyses (Figure 1).

Both study groups had similar patient characteristics (Table 1).

Moreover, there was no difference between groups in the length

of the waiting, pre-warming, surgery and transition times (Table 2).

The ambient temperature did not differ between the study groups

on admission to the OR. However, intraoperative ambient temper-

ature differed statistically significantly between groups. The

other relevant peri-operative data were the same in each group

(Table 3).

Similar core temperature changes were observed in both

groups (Figure 2). Core temperature did not change in initially

normothermic patients but rose to more than 36�C in all, but one

hypothermic patient during pre-warming. Core temperature

remained unchanged after SA induction but decreased after admis-

sion to the OR. Intraoperative hypothermia was common:

45 patients (61%) in the SW group and 36 patients (49%) in the

FAW group became hypothermic intra-operatively and needed res-

cue warming with the upper-body FAW set to 43�C (Table 3).

Hypothermia developed during the first 30 min in the OR and per-

sisted, on average, for 40 min in each group. Core temperature was

36.1�C (0.3) in the SW group and 36.1�C (0.4) in the FAW group on

admission to the RR (primary outcome), p = .366 (CI: �0.18–0.06,

effect size 0.15). The core temperature of intraoperatively normo-

thermic patients who only were warmed with a randomised blanket

was 36.3�C (0.3) in the SW group (n = 29) and 36.3�C (0.4) in

the FAW group (n = 37) on admission to the RR, p = .538 (CI:

�0.23–0.12, effect size 0.15). Figure 3 presents these results with

the predetermined inferiority margin.

Similar changes in MST and MBT were observed in both

groups peri-operatively. MST rose statistically significantly during

pre-warming: 1.0�C (0.6) in the SW group, p < .001, and 2.0�C (0.6)

in the FAW group, p < .001. The peri-operative changes in MBT are

presented in Figure 4.

Most patients felt comfortable during the perioperative

period. In some patients the objective core temperature and the

TABLE 1 Patients' characteristics.

SW group FAW group

n = 74 n = 73

n/mean %/SD n/mean %/SD

Sex, female 38 51.4 48 65.8

Age (y) 69 9 67 8

BMI 30 4 30 3

ASA

I 6 8.1 6 8.2

II 37 50.0 42 57.5

III 31 41.9 25 34.2

Side of surgery, right 44 59.5 36 49.3

Core temperaturea 36.2 0.4 36.3 0.3

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body

mass index; FAW, forced-air warming; SW, self-warming.
aMeasured with an infrared thermometer after a patient had changed to

hospital cotton clothes.

TABLE 2 The duration (min) of each
perioperative episode.

SW group FAW group
n = 74 n = 73

Median Q1–Q3 Median Q1–Q3 p-Value

Time in the lounge 60 45–81 60 47–79 .927

Pre-warming period 30 30–38 30 30–36 .741

Spinal anaesthesia induction 11 8–15 10 7–13 .169

Transfer to operating room 18 14–27 19 14–26 .852

Incision 20 17–23 20 17–24 .941

End of surgery 60 49–68 60 52–70 .737

Transfer to recovery room 15 14–17 16 14–18 .886

Abbreviations: FAW, forced-air warming; SW, self-warming.
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subjective feeling did not correlate. Seven normothermic patients

in each group felt hot after pre-warming. A few patients in each

group regarded the FAW set to either 38�C or 43�C as uncomfort-

able. Postoperative shivering occurred in three patients, two of

which were normothermic.

Seventy-one patients in each group considered the blanket to be

convenient. Moreover, 77% of nurses considered the SW blanket to

be suitable and 97% of nurses considered the FAW blanket to be

suitable. The costs of an SW blanket and an upper-body FAW blanket

were 12.60 € and 8.10 €, respectively. In the FAW group costs include

also acquisition of the attached warming unit and the required electric

current.

Postoperative recovery data were available for 145 patients

(Table 3). In the FAW group, one patient required a revision arthro-

plasty due to deep infection and two patients had superficial infec-

tions at the surgical site. One patient in the SW group had deep vein

thrombosis and another patient in the FAW group had pulmonary

embolism.

TABLE 3 Relevant
perioperative data.

SW group FAW group
n = 74 n = 73

n/median %/Q1–Q3 n/median %/Q1–Q3 p-Value

Bicain spinal 5 mg/mL (mL) 1.5 1.5–1.7 1.5 1.5–1.8 .905

Intravenous fluids (mL) 500 400–600 400 300–600 .293

Blood loss (mL) 150 100–200 150 100–200 .393

Propofol sedation 63 85.1 63 86.3 1.000

Propofol mL/kg/h 3.2 2.6–4.0 3.5 2.8–4.2 .061

Holding area temperature (�C) 21.0 20.6–21.3 21.1 20.8–21.6 .170

OR temperature (�C)

On admission 19.5 18.9–20.2 19.7 19.2–20.3 .439

Intraoperatively 18.8 18.3–19.4 19.1 18.7–19.8 .008

Core temperature (�C)

Drop in the OR 0.7 0.4–0.9 0.6 0.5–0.9 .921

Lowest in the OR 35.9 35.7–36.1 36.0 35.8–36.2 .282

Last in the OR 36.0 35.9–36.2 36.1 35.9–36.4 .338

Hypothermia

On admission to the OR 1 1.5 3 4.3 .620

Intraoperative 45 60.8 36 49.3 .186

On admission to the RR 32 43.2 25 34.2 .309

One hour postoperatively 4 5.5 4 5.5 1.000

Postoperative complication 1 1.4 4 5.5 .209

Abbreviations: FAW, forced-air warming; OR, operating room; RR, recovery room; SW, self-warming.
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dNI 0

F IGURE 3 Mean with 95% CI; dNI, inferiority margin 0.2�C; SW,
self-warming; FAW, forced-air warming. (A) Difference between the
SW group and the FAW group according to the randomisation.
(B) Difference between intraoperatively normothermic patients who
only were warmed either with the SW blanket or the FAW blanket set
to 38�C.
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4 | DISCUSSION

To the best of our knowledge, this is the first study comparing the

SW blanket and the FAW blanket used in a similar manner during the

pre-warming and intraoperative periods. The results of our study

reveal that the SW blanket and the upper-body FAW blanket set to

38�C both were capable of increasing MBT and warming up initially

hypothermic patients during pre-warming. Despite active pre-warm-

ing, intraoperative hypothermia was unexpectedly common in both

groups, and rescue warming with the FAW method was needed in

61% of patients in the SW group and in 49% of patients in the FAW

group. The primary outcome of the study, the core temperature value

on admission to the RR, did not differ between groups.

SA is known to predispose patients to hypothermia.20,21 However,

the induction of SA has been shown to decrease core temperature less

than the induction of GA.22 In our study, the core temperature

remained unchanged in both groups after SA induction. This might have

resulted from reduced heat redistribution due to effective pre-warming

and from the moderate amount of isobaric bupivacaine limiting the

level of spinal block.

The high incidence of hypothermia observed in the present study

might have been the result of the over 20 min interruption between pre-

operative and intraoperative warming.23 This was most evident in the

FAW group, as active warming was discontinued during transfer to the

OR and during surgical preparation. In contrast, patients in the SW group

had the blanket without interruption. The patients in our study became

only slightly hypothermic. Our findings are therefore in accordance with

those of previous studies that pre-warming does not prevent intraopera-

tive hypothermia completely, but reduces its severity.24,25

Intraoperative hypothermia might also be caused by the ambient

temperature being colder than recommended,16 as the core tempera-

ture drop was only observed in the OR. However, when patients are

warmed with forced air, the ambient temperature has been shown to

have a negligible effect on core temperature.26 Yet, since both blan-

kets were placed over the patients' upper body and the FAW was dis-

continued for the first 20 min in the OR, the effect of ambient

temperature and laminar air flow cannot be ignored.

There was a 12 percentage point difference in incidence of hypo-

thermia (61% in the SW group vs. 49% in the FAW group, p = .186)

but the lowest core temperature differed between groups by only

0.1�C. The difference in incidence of hypothermia can be considered

clinically, economically and environmentally important, as the work-

load of anaesthesia nurses, the costs of warming and the amount of

waste all increase when more than one warming method is used on a

single patient. Instead, a change from medium to maximum set tem-

perature of the FAW device can only be achieved by pushing the

43�C button.

On the other hand, using the SW blanket for pre-warming during

waiting and transferring to the OR seems to keep the core tempera-

ture more balanced than the FAW, which has to be interrupted for

the course of transfer and surgical draping. Also, the same FAW blan-

ket seldom lasts from the OR to the RR due to staining and tearing.

In the present study, active warming was well tolerated, although

a few patients in each group felt excessively warm regardless of the

core temperature value. Subjective thermal perception is largely

determined by skin temperature.27 Therefore, the FAW device was

set to 38�C during pre-warming to avoid discomfort and sweating. In

addition, the medium set temperature has been shown to be as effec-

tive as the high set temperature in increasing the heat content of

peripheral tissues.28

It has been argued that the FAW may increase the risk of surgical

site infection (SSI).29,30 However, hypothermia itself is known to be a

risk factor for SSI.31 In our study, three patients had SSI in the FAW

group but none in the SW group. Notably, most patients in the SW

group also had the FAW blanket. Nevertheless, given the sample size,

this study was not targeted at analysing postoperative complications.

34.0

34.5

35.0

35.5

36.0

36.5

37.0

P=0.002 P=0.002 P=0.806 P=0.271 P=0.748 P=0.380

F IGURE 4 SW, self-warming;
FAW, forced-air warming.
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The main strengths of this study are the continuous core and

skin temperature monitoring. The ZHF method has been shown to

be accurate enough for clinical use.32 The method is non-invasive

and thus suitable for conscious patients. The measurement of

peripheral temperatures allowed us to calculate MBT which can

reflect a person's thermal status more closely than core temperature

alone. Moreover, this was a pragmatic study, comparing the two

accepted warming methods in our hospital. Both of these have their

strengths and inconveniences: FAW has been shown to be very

effective, the temperature is modifiable, but it has to be attached to

electric current whereas the SW is all the time at the same tempera-

ture and may be worn on the patient also during transfers and surgi-

cal site disinfection.

There are some significant limitations in our study that should be

considered. The choice of primary outcome seemed to be unsuitable

since intraoperative core temperature change and the duration of

hypothermia have been used to assess the thermal condition or the

hypothermia burden of surgical patients rather than a single tempera-

ture value.33 Further, the incidence of intraoperative hypothermia

was unexpectedly high and according to the study protocol, all hypo-

thermic patients, regardless of study group, were warmed with the

upper-body FAW blanket set to 43�C. Thus, core temperature on

admission to the RR does not reflect the warming effect of the SW

blanket and the upper-body FAW blanket set to 38�C. Moreover, our

clinical practise resulted in long interruptions between pre-warming

and intraoperative warming, leading to temperature decrease espe-

cially in the FAW group. Although the schedule of the day was prede-

termined, the actualised course of a single patient depended on the

time schedules of the operative unit.

In this study, non-inferiority of the SW blanket was not demon-

strated when comparing intraoperatively normothermic patients, that

is patients who only were warmed either with the SW or FAW

blanket, as the lower CI �0.23 was outside the predetermined inferi-

ority margin. In future, to assess the non-inferiority of the SW blanket

to the FAW method more reliably, the threshold core temperature for

inadvertent hypothermia should be defined as 35.5�C, since according

to the latest findings this temperature has been shown to be sufficient

for surgical patients.34

In conclusion, based on our results, both methods were effective

in raising MBT during pre-warming. However, although the SW

blanket was statistically non-inferior to the FAW method, hypother-

mia was more frequent in the SW group, requiring rescue warming as

we strictly held to the NICE guideline.

ACKNOWLEDGEMENTS

The authors have no conflicts of interest.

FUNDING INFORMATION

Departmental funding only.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

Sirkka-Liisa Lauronen https://orcid.org/0000-0002-0409-9656

REFERENCES

1. Frisch NB, Pepper AM, Rooney E, Silverton C. Intraoperative hypo-

thermia in total hip and knee arthroplasty. Orthopedics. 2017;40:56-

63. doi:10.3928/01477447-20161017-04

2. Rajagopalan S, Mascha E, Na J, Sessler DI. The effects of mild peri-

operative hypothermia on blood loss and transfusion requirement.

Anesthesiology. 2008;108:71-77. doi:10.1097/01.anes.0000296719.

73450.52

3. Melling AC, Ali B, Scott EM, Leaper DJ. Effects of preoperative warm-

ing on the incidence of wound infection after clean surgery: a ran-

domised controlled trial. Lancet. 2001;358:876-880.

4. Frank SM, Fleisher LA, Breslow MJ, et al. Perioperative maintenance

of normothermia reduces the incidence of morbid cardiac events: a

randomized clinical trial. JAMA. 1997;277:1127-1134.

5. Lenhardt R, Marker E, Goll V, et al. Mild intraoperative hypothermia

prolongs postanesthetic recovery. Anesthesiology. 1997;87:1318-

1323.

6. van der Horst M, Wiewel E, van der Hoeven C, Loer S, Boer C. Pre-

operative warming reduces the incidence of hypothermia in

total hip- and knee replacement surgery under spinal anesthesia:

1AP1–2. Eur J Anaesthesiol. 2010;27(47 Suppl 1):7. doi:10.1097/

00003643-201006121-00020

7. Horn EP, Bein B, Böhm R, Steinfath M, Sahili N, Höcker J. The effect

of short time periods of pre-operative warming in the prevention of

peri-operative hypothermia. Anaesthesia. 2012;67:612-617. doi:10.

1111/j.1365-2044.2012.07073.x

8. John M, Crook D, Dasari K, Eljelani F, El-Haboby A, Harper CM. Com-

parison of resistive heating and forced-air warming to prevent inad-

vertent perioperative hypothermia. Br J Anaesth. 2016;116:249-254.

doi:10.1093/bja/aev412

9. Mölnlycke Health Care AB. Barrier EasyWarm. Accessed Oct, 2021.

https://www.medicalsearch.com.au/patient-warming-barrier-

easywarm/p/106467

10. Torossian A, Van Gerven E, Geertsen K, Horn B, Van de V, Raeder J.

Active perioperative patient warming using a self-warming blanket

(Barrier EasyWarm) is superior to passive thermal insulation: a multi-

national, multicenter, randomized trial. J Clin Anesth. 2016;34:547-

554. doi:10.1016/j.jclinane.2016.06.030

11. Verra WC, Beekhuizen SR, van Kampen PM, de Jager MC, Maria

Deijkers RL, Laurens TR. Self-warming blanket versus forced-air

warming in primary knee or hip replacement: a randomized controlled

non-inferiority study. Asian J Anesthesiol. 2018;56:128-135. doi:10.

6859/aja.201812_56(4).0002

12. Thapa HP, Kerton AJ, Peyton PJ. Comparison of the EasyWarm self-

heating blanket with the cocoon forced-air warming blanket in pre-

venting intraoperative hypothermia. Anaesth Intensive Care. 2019;47:

169-174. doi:10.1177/0310057X19840264

13. Tyvold SS. Preventing hypothermia in outpatient plastic surgery by

self-warming or forced-air-warming blanket: a randomised controlled

trial. Eur J Anaesthesiol. 2019;36:843-850.

14. Fernandes LA, Braz LG, Koga FA, et al. Comparison of peri-operative

core temperature in obese and non-obese patients. Anaesthesia.

2012;67:1364-1369. doi:10.1111/anae.12002.x

15. Ramanathan NL. A new weighting system for mean surface tempera-

ture of the human body. J Appl Physiol. 1964;19:531-533.

16. National Institute for Health and Clinical Excellence, (NICE 2016).

Clinical Guideline CG65: The management of inadvertent periopera-

tive hypothermia in adults having surgery. Accessed Sep, 2017.

https://www.nice.org.uk/guidance/cg65.

17. Schumi J, Wittes JT. Through the looking glass: understanding non-

inferiority. Trials. 2011;12:106. doi:10.1186/1745-6215-12-106

1108 LAURONEN ET AL.

 13996576, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aas.14283 by T

am
pere U

niversity Foundation, W
iley O

nline L
ibrary on [05/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-0409-9656
https://orcid.org/0000-0002-0409-9656
info:doi/10.3928/01477447-20161017-04
info:doi/10.1097/01.anes.0000296719.73450.52
info:doi/10.1097/01.anes.0000296719.73450.52
info:doi/10.1097/00003643-201006121-00020
info:doi/10.1097/00003643-201006121-00020
info:doi/10.1111/j.1365-2044.2012.07073.x
info:doi/10.1111/j.1365-2044.2012.07073.x
info:doi/10.1093/bja/aev412
https://www.medicalsearch.com.au/patient-warming-barrier-easywarm/p/106467
https://www.medicalsearch.com.au/patient-warming-barrier-easywarm/p/106467
info:doi/10.1016/j.jclinane.2016.06.030
info:doi/10.6859/aja.201812_56(4).0002
info:doi/10.6859/aja.201812_56(4).0002
info:doi/10.1177/0310057X19840264
info:doi/10.1111/anae.12002.x
https://www.nice.org.uk/guidance/cg65
info:doi/10.1186/1745-6215-12-106


18. 3M™ Bair Hugger™ temperature monitoring system. 2013 Accessed

Aug, 2021. https://www.bairhugger.com

19. Burton AC. Human calorimetry. J Nutr. 1935;9:261-280. doi:10.

1093/jn/9.3.261

20. Saito T, Sessler DI, Fujita K, Ooi Y, Jeffrey R. Thermoregulatory

effects of spinal and epidural anesthesia during cesarean delivery. Reg

Anesth Pain Med. 1998;23:418-423.

21. Frank SM, El-Rahmany H, Cattaneo CG, Barnes RA. Predictors of hypo-

thermia during spinal anesthesia. Anesthesiology. 2000;92:1330-1334.

22. Matsukawa T, Sessler D, Christensen R, Ozaki M, Schroeder M. Heat

flow and distribution during epidural anesthesia. Anesthesiology.

1995;83:961-967. doi:10.1097/00000542-199511000-00008

23. Grote R, Wetz A, Bräuer A, Menzel M. Short interruptions between

pre-warming and intraoperative warming are associated with low

intraoperative hypothermia rates. Acta Anaesthesiol Scand. 2019;64:

489-493. doi:10.1111/aas.13521

24. Koc BB, Schotanus MG, Kollenburg JP, Janssen MJ, Tijssen F,

Jansen EJ. Effectiveness of early warming with self-warming blankets

on postoperative hypothermia in total hip and knee arthroplasty.

Orthop Nurs. 2017;36:356-360.

25. Jo YY, Chang YJ, Kim YB, Lee S, Kwak HJ. Effect of preoperative

forced-air warming on hypothermia in elderly patients undergoing

transurethral resection of the prostate. Urol J. 2015;12:2366-2370.

26. Pei L, Huang Y, Xu Y, et al. Effects of ambient temperature and

forced-air warming on intraoperative core temperature a factorial

randomized trial. Anesthesiology. 2018;128:903-911. doi:10.1097/

ALN.0000000000002099

27. Schlader ZJ, Prange HD, Mickleborough TD, Stager JM. Characteris-

tics of the control of human thermoregulatory behavior. Physiol

Behav. 2009;98:557-562.

28. Sessler DI, Schroeder M, Merrifield B, Matsukawa T, Cheng C. Opti-

mal duration and temperature of prewarming. Anesthesiology. 1995;

82:674-681.

29. Dasari KB, Albrecht M, Harper M. Effect of forced-air warming on the

performance of operating theatre laminar flow ventilation. Anaesthe-

sia. 2012;67:244-249. doi:10.1111/j.1365-2044.2011.06983.x

30. Moretti B, Larocca AMV, Napoli C, et al. Active warming systems to

maintain perioperative normothermia in hip replacement surgery: a

therapeutic aid or a vector of infection? J Hosp Infect. 2009;73:58-63.

doi:10.1016/j.jhin.2009.06.006

31. Scott AV, Stonemetz JL, Wasey JO, et al. Compliance with surgical

care improvement project for body temperature management (SCIP

Inf-10) is associated with improved clinical outcomes. Anesthesiology.

2015;123:116-125. doi:10.1097/ALN.0000000000000681

32. Eshraghi Y, Nasr V, ParraSanchez I, et al. An evaluation of a zero-

heat-flux cutaneous thermometer in cardiac surgical patients. Anesth

Analg. 2014;119:543-549. doi:10.1213/ANE.0000000000000319

33. Sun Z, Honar H, Sessler DI, et al. Intraoperative core temperature pat-

terns, transfusion requirement, and hospital duration in patients

warmed with forced air. Anesthesiology. 2015;122:276-285. doi:10.

1097/ALN.0000000000000551

34. Sessler DI, Pei L, Li K, et al. Aggressive intraoperative warming versus

routine thermal management during non-cardiac surgery (PROTECT):

a multicentre, parallel group, superiority trial. Lancet. 2022;399:1799-

1808. doi:10.1016/S0140-6736(22)00560-8

How to cite this article: Lauronen S-L, Kalliovalkama J, Aho A,

et al. Self-warming blanket versus forced-air warming blanket

during total knee arthroplasty under spinal anaesthesia: A

randomised non-inferiority trial. Acta Anaesthesiol Scand.

2023;67(8):1102‐1109. doi:10.1111/aas.14283

LAURONEN ET AL. 1109

 13996576, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aas.14283 by T

am
pere U

niversity Foundation, W
iley O

nline L
ibrary on [05/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.bairhugger.com
info:doi/10.1093/jn/9.3.261
info:doi/10.1093/jn/9.3.261
info:doi/10.1097/00000542-199511000-00008
info:doi/10.1111/aas.13521
info:doi/10.1097/ALN.0000000000002099
info:doi/10.1097/ALN.0000000000002099
info:doi/10.1111/j.1365-2044.2011.06983.x
info:doi/10.1016/j.jhin.2009.06.006
info:doi/10.1097/ALN.0000000000000681
info:doi/10.1213/ANE.0000000000000319
info:doi/10.1097/ALN.0000000000000551
info:doi/10.1097/ALN.0000000000000551
info:doi/10.1016/S0140-6736(22)00560-8
info:doi/10.1111/aas.14283

	Self-warming blanket versus forced-air warming blanket during total knee arthroplasty under spinal anaesthesia: A randomise...
	1  INTRODUCTION
	2  METHODS
	2.1  Participants and randomisation
	2.2  Study design
	2.3  Warming and temperature control
	2.4  Statistical analysis

	3  RESULTS
	4  DISCUSSION
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	DATA AVAILABILITY STATEMENT

	REFERENCES


