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Abstract

Objective—Perioperative hypothermia is a common complication of anesthesia that can result in 

negative outcomes. The purpose of this review is to answer the question: Does the type of 

warming intervention influence the frequency or severity of inadvertent perioperative hypothermia 

(IPH) in surgical patients receiving neuraxial anesthesia?

Design—Systematic review and meta-analysis.

Setting—Perioperative care areas.

Patients—Adults undergoing surgery with neuraxial anesthesia.

Intervention—Perioperative active warming (AW) or passive warming (PW).

Measurements—PubMed, CINAHL, Embase, and Cochrane Central Register of Controlled 

Trials were searched. Inclusion criteria were: randomized controlled trials; adults undergoing 

surgery with neuraxial anesthesia; comparison(s) of AW and PW; and temperature measured at 

end of surgery/upon arrival in the Postanesthesia Care Unit. Exclusion criteria were: no full-text 

available; not published in English; studies of: combined neuraxial and general anesthesia, warm 

intravenous or irrigation fluids without using AW, and rewarming after hypothermia. Two 

independent reviewers screened abstracts and titles, and selected records following full-text 

review. The Cochrane Collaboration’s tool for assessing risk of bias was used to evaluate study 
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quality. A random-effects model was used to calculate risk ratios for dichotomous data and mean 

differences for continuous data.

Main Results—Of 1587 records, 25 studies (2048 patients) were included in the qualitative 

synthesis. Eleven studies (1189 patients) comparing AW versus PW were included in the 

quantitative analysis. Meta-analysis found that intraoperative AW is more effective than PW in 

reducing the incidence of IPH during neuraxial anesthesia (RR = 0.71; 95% CI 0.61–0.83; P 

<0.0001; I2 = 32%). The qualitative synthesis revealed that IPH continues despite current AW 

technologies.

Conclusions—During neuraxial anesthesia, AW reduces IPH more effectively than PW. Even 

with AW, IPH persists in some patients. Continued innovation in AW technology and additional 

comparative effectiveness research studying different AW methods are needed.
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1. Introduction

Hypothermia is well recognized as a common complication of surgery with anesthesia. In a 

recent study, 52% of total joint arthroplasty patients receiving neuraxial anesthesia (i.e. 

spinal, epidural) became hypothermic [1]. This inadvertent perioperative hypothermia (IPH) 

increases the risk of harmful patient outcomes, including: surgical site infection, morbid 

cardiac events, and bleeding; [2] and results in an increased length of hospital stay [3, 4].

Neuraxial anesthesia causes IPH by profoundly impairing thermoregulatory control in three 

ways. First, patients do not experience the magnitude of thermal discomfort that might be 

reasonably anticipated. Therefore, they do not complain of being cold even when they are 

hypothermic. Secondly, neuraxial anesthesia impairs central thermoregulatory control, 

reducing the vasoconstriction and shivering threshold by 0.5°C and elevating the sweating 

threshold by 0.3°C. The combined effect triples the interthreshold range triggering a 

physiologic response to cold [5]. And lastly, neuraxial anesthesia blocks efferent nerves that 

regulate autonomic thermoregulatory defenses, dramatically impairing vasoconstriction and 

shivering [6]. Shortly after administration of the neuraxial block, vasodilation shifts the 

warm blood from the core to the cooler peripheral tissues, resulting in a drop in core 

temperature and redistribution hypothermia. Because of impaired thermoregulatory control, 

this drop in temperature may be sustained during anesthesia.

The influence of neuraxial anesthesia on thermoregulation appears to be somewhat different 

than general anesthesia. In a 2016 study of total joint arthroplasty patients, those receiving 

neuraxial anesthesia were more likely to be hypothermic than those receiving general 

anesthesia (52% versus 48%, p<0.001) [1]. Therefore, the effectiveness of interventions to 

prevent IPH in patients receiving neuraxial anesthesia warrants separate evaluation.

A variety of warming interventions are available for prevention of IPH, including passive 

warming (PW) and active warming (AW). Passive warming includes interventions to 
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promote heat retention (e.g. cotton blankets, reflective blankets). Active warming involves 

the application of external heat to skin and peripheral tissues (e.g. forced air warming 

(FAW), underbody conductive heat mat, circulating water mattress, and radiant warmer). 

The effectiveness of these interventions for patients receiving neuraxial anesthesia is unclear.

Previous systematic reviews have focused on the effectiveness of thermal insulation [7], 

warming of peritoneal gases during laparoscopy [8], using warmed intravenous or irrigation 

fluids [9], warming methods during Cesarean sections [10], rewarming after hypothermia 

[11], and prevention of shivering [12]. Issues encountered in these reviews include: 

heterogeneity, lack of control over covariates (e.g. fluid warming), and different types of 

outcome variables (temperature, temperature change, hypothermia). To date, no systematic 

reviews have compared the effectiveness of interventions for prevention of IPH specifically 

during neuraxial anesthesia.

1.1. Purpose

The purpose of this systematic review and meta-analysis was to answer the following PICO 

question: Does the type of warming intervention influence the frequency or severity of IPH 

in surgical patients receiving neuraxial anesthesia? The population is adult patients 

undergoing surgery with neuraxial anesthesia (spinal, epidural, or combined spinal-

epidural). The interventions and comparisons are: intraoperative or pre- and intraoperative 

AW (FAW, conductive underbody warming, radiant heat warming, circulating water 

mattress), and PW (cotton blanket, prewarmed cotton blanket, reflective blanket/suit). The 

outcome is hypothermia or temperature change at the end of surgery or upon arrival in the 

Postanesthesia Care Unit (PACU). In accordance with multiple practice guidelines, we 

defined hypothermia as <36°C [13–15].

2. Methods

2.1. Systematic search

We used the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 

(PRISMA) to conduct this systematic review and meta-analysis [16]. The PRISMA 

Checklist is included as Appendix A. The inclusion criteria were: 1) population - adult 

patients receiving neuraxial anesthesia for a surgical procedure; 2) intervention - AW or PW 

interventions administered intraoperatively or pre- and intraoperatively; 3) comparison - AW 

or PW interventions administered intraoperatively or pre- and intraoperatively; 4) outcome - 

temperature measured at the end of surgery or upon arrival in the PACU; 5) design - 

randomized controlled trials; and 6) published between database inception and April 2016. 

Exclusion criteria were: 1) conference abstracts without full-text articles; 2) not published in 

English; and 3) studies of: combined neuraxial with general anesthesia, distal nerve blocks 

or local anesthesia, warm IV and/or irrigation fluids as the primary warming intervention 

without AW, or rewarming after hypothermia.

We developed search strategies with the assistance of a health sciences librarian with 

expertise in searching for systematic reviews. Comprehensive strategies, including both 

index and keyword methods, were devised for the following databases: PubMed, CINAHL 
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(Cumulative Index for Nursing Allied Health Literature, EBSCO platform), Embase 

(Elsevier platform), and the Cochrane Central Register of Controlled Trials (Wiley 

platform). No database preset limits were utilized in order to maximize sensitivity. Search 

filters previously validated for locating experimental studies were identified and utilized for 

PubMed, CINAHL, and Embase. [17, 18].

Searches were conducted during September and October 2015, and then updated in April 

2016 to capture new records that became available during the screening and review process. 

The CINAHL search strategy, detailed in Box 1, was adapted for use with the other 

electronic databases. Complete search strategies including search filters are available upon 

request. We also searched the reference lists of relevant studies. We exported search results 

to EndNote® X7 (Clarivate Analytics, Philadelphia, PA) and removed duplicates 

electronically.

Two investigators independently evaluated the search results manually. Following the initial 

title and abstract screening, potentially eligible records were evaluated through full-text 

review. Discrepancies between the reviewers were resolved through discussion, and when 

necessary a third reviewer was consulted.

2.2. Data extraction

One investigator extracted data from eligible studies and a second investigator verified the 

accuracy of the extraction. Discrepancies were resolved through discussion. Extracted data 

included: sample size, anesthesia type, surgery type, warming intervention and comparator, 

temperature measurement device, hypothermia definition, and outcomes (mean temperature, 

mean temperature change, and incidence of hypothermia). When methodologies or results 

were unclear from manuscripts, investigators contacted the study authors for clarification.

2.3. Statistical analysis

We performed statistical analyses using the Review Manager Version 5.3 software (RevMan 

5.3; The Cochrane Collaboration, Copenhagen, Denmark). We calculated risk ratios (RR) 

for dichotomous data and mean differences in continuous data with 95% confidence 

intervals (CI) using a random-effects model. This model was selected because although 

studies were similar, there were unique differences (surgical procedures, temperature 

measurement). P values of less than or equal to .05 were considered statistically significant. 

Statistical analyses comparing the effectiveness of interventions were only performed if 

three or more RCTs were present. Heterogeneity was evaluated by I2 calculation. I2 values 

were interpreted using the Cochrane criteria for measuring heterogeneity: 0% to 40% 

represents low heterogeneity; 30% to 60% represents moderate heterogeneity; 50% to 90% 

represents substantial heterogeneity; and 75% to 100% represents considerable 

heterogeneity [19].

2.4. Appraising quality and risk of bias

The Cochrane Collaboration’s tool for assessing risk of bias was used to evaluate study 

quality of the included RCTs [20]. One investigator extracted information on randomization, 

allocation concealment, blinding, attrition, selective reporting, and other biases 
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(manufacturer funding, temperature site/device, control of fluid warming, and statistical 

power) for each included study. A second investigator verified the extracted data. Through 

discussion, each category for all included studies were graded as having low, unclear, or high 

risk of bias.

3. Results

3.1. Study selection

The initial systematic search yielded 1,964 records (Figure 1). The search was repeated for 

new publications six months following the initial search, yielding an additional 163 records. 

We identified 58 records through reference list searching. From these 2,185 records, we 

removed 598 duplicates and screened the titles and abstracts of the remaining 1,587 records. 

We excluded records that did not match the PICO question or were not randomized 

controlled trials. Next, we appraised the full-texts of 75 records. Fifty of these records were 

excluded because they did not match the PICO question, were not RCTs, no full-text was 

available, or the article was not in English. A total of 25 studies with 2,048 patients were 

included in the qualitative systematic review. We grouped studies for statistical analyses 

based on intervention, comparator, and outcome measure. Fourteen studies were excluded 

from the quantitative analysis because they were unable to be grouped with at least two other 

studies. A total of 11 studies were included in the quantitative meta-analysis with 1,189 

patients.

3.2. Study characteristics

Spinal anesthesia was used at least once in 20 studies, combined spinal-epidural was used in 

five studies, and epidural anesthesia was used in two studies (Table 1). Six surgery types 

were performed: C-section (n=9), total-hip arthroplasty (n=6), total-knee arthroplasty (n=5), 

transurethral resection of the prostate (n=4), lower abdominal (n=2), and unspecified lower 

limb surgeries (n=1). Twelve studies evaluated AW vs. PW interventions; eight studies 

evaluated AW vs. AW; three studies evaluated PW vs. PW; and two studies utilized a three-

arm design and evaluated AW vs. AW vs. PW. Studies including emergent operations were 

not an a priori exclusion; however, all studies in the final analysis included patients 

undergoing non-emergent procedures that allowed for standard preoperative preparation.

Outcome reporting of the included studies were heterogeneous. Outcomes were reported in 

one of three measures: 1) mean temperature at end of surgery or upon admission to PACU; 

2) mean temperature change intraoperatively, at the end of surgery, upon PACU admission, 

unspecified, or the greatest change at any point; 3) percent/ratio of hypothermia 
intraoperatively, at the end of surgery, upon PACU admission, or unspecified during study 

period. Included studies defined hypothermia as temperatures <36°C (n=14), <35.5°C (n=1), 

and <35°C (n=1). See Appendix B for a complete description of outcomes.

3.3. Risk of bias evaluation

Studies reporting randomization and allocation without a description of procedures were 

rated as having unclear risk of bias per the Cochrane Collaboration standards (Figure 2)[19]. 

Seven of the 25 studies attempted to blind the study staff measuring and recording 
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temperatures. The other studies cited difficulty in concealing the warming intervention from 

hospital staff; these studies were categorized as having an unclear risk of bias. Most studies 

reported all data on patients consented, due to the short duration of the trial. Other biases 

include: analysis not controlling for administration of warm IV/irrigation fluids, multiple 

temperature sites with multiple devices, lack of statistical power, and manufacturer funding. 

The overall assessment indicates a moderate level of bias (Figure 3). Individual study 

limitations are included in Appendix B.

3.4. Qualitative results: Systematic review

Twenty-five studies were included in the qualitative review and synthesis. The primary 

interventions compared included PW (cotton blankets, reflective blankets) and AW (FAW, 

conductive heat mat).

3.4.1. Passive warming—Fourteen studies utilized cotton blankets reporting 

temperatures as low as 35.2±0.5°C upon arrival in the PACU [21] and temperature changes 

as substantial as −1.3±0.3°C [22]. In one study of older adults, all subjects receiving cotton 

blankets were hypothermic with a temperature less than 36°C and 88% with a temperature 

less than 35°C [23]. Four studies evaluated reflective blankets or suits. All studies reported 

low temperatures, large temperature decreases, or a high percent of subjects with IPH with 

the use of reflective blankets/suits, cotton blankets, and FAW covers alone without warm 

forced-air. Even in studies reporting no significant difference between PW and AW 

outcomes, PW did not consistently prevent IPH [22, 24, 25].

3.4.2 Active warming: Forced air warming—The impact of FAW varied tremendously 

among the 19 studies evaluating its effectiveness. The lowest and highest reported mean 

temperatures when patients received FAW were 35.3±0.5 [26] and 37.1±0.4 [27], 

respectively. One study of patients undergoing C-sections reported that 53% of temperatures 

dropped below 35.5°C with FAW [22]. In contrast, another study of patients undergoing C-

sections reported that only 5% of temperatures dropped below 36°C at the end of surgery 

with FAW [28]. Of the five studies reporting mean temperature change with FAW use, the 

greatest temperature drop was 1.3±0.4°C [22], while another study reported no change in 

temperature from baseline with use of intraoperative lower body FAW [29].

Since the full body surface cannot be exposed to FAW during some surgeries, 12 studies 

clarified if FAW was utilized on the upper or lower body. Nine studies evaluated FAW use on 

the upper body with the highest mean temperature reported as 37.1±0.4°C [27] and the 

lowest percent hypothermia reported was 0% of patients [30]; the lowest mean temperature 

reported was 35.3±0.5°C [26], and the highest percent hypothermia was 33% of patients 

[31]. Within the three studies that evaluated FAW on the lower body, the highest mean 

temperature reported was 36.3±0.5°C with 12.5% of patients hypothermic[32]; the lowest 

mean temperature was 35.9±0.5°C with 64% hypothermic [33]. One study of patients 

undergoing total hip arthroplasty with a combined spinal-epidural anesthesia, compared the 

effectiveness of using FAW on the upper body versus FAW on the nonoperative lower 

extremity. No significant difference was found in temperature at the end of surgery or upon 

admission to the PACU [32].
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3.4.3. Active warming: Conductive heat mat—A conductive heat mat was evaluated 

in five studies and results again varied. Four different brands of mats were evaluated. The 

lowest and highest reported mean temperatures at the end of surgery when a conductive heat 

mat was used were 35.1±0.6°C [26], and 36.9±0.4°C [30] respectively. Another study found 

that 51% of patients receiving the conductive heat mat were hypothermic upon admission to 

the PACU [34]. Two studies compared the conductive heat mat with FAW, and both found no 

significant differences in patient temperatures between the two groups [26, 30].

3.5. Quantitative results: Meta-analysis

Statistical analyses were performed on studies evaluating types of AW versus PW. Outcomes 

for AW versus PW were either reported as continuous—mean temperature, or dichotomous

—normothermic or hypothermic. Additional subgroup analyses were identified post hoc and 

were performed to evaluate if there is a difference between AW device, AW application 

time, IV/irrigation fluid temperature, and procedure type when compared to PW. Head to 

head statistical analyses of PW versus PW and AW versus AW were not performed because 

there were fewer than three RCTs that performed the same intervention with the same 

outcome reporting measure. Subsequently, 14 studies were excluded, leaving 11 studies in 

the statistical analysis.

3.5.1. Dichotomous outcome—Nine studies evaluated active versus passive warming 

and reported dichotomous outcomes of percent/ratio of hypothermic patients at the end of 

surgery or admission to PACU [22, 23, 25, 28, 33–37]. One additional study met these 

criteria, but was ultimately excluded from analysis because the authors did not report 

separate results for each group in a three-arm design; rather, they reported total hypothermia 

present [38]. Pooled analysis of these nine studies found that intraoperative active warming 

significantly reduced hypothermia rates (RR = 0.71; 95% CI 0.61–0.83; P < 0.0001; I2 = 

32%) (Figure 4). Subgroup analyses determined that PW is less effective than AW in 

preventing hypothermia using: a) FAW, b) conductive heat mat, c) intraoperative AW only, 

d) pre- and intraoperative AW, e) AW and warm IV/irrigation fluids, f) AW and room 

temperature fluids, and g) AW during C-sections. A significant difference in hypothermia 

rates was not found with the use of AW when compared to PW in total joint arthroplasties 

(Table 2).

3.5.2. Continuous outcome—Eight studies—including six from the dichotomous 

analyses—reported mean temperatures at the end of surgery or admission to PACU [24, 25, 

27, 28, 33–35, 37]. Pooled analysis found that temperatures were significantly different 

between the intraoperative active and passive warming groups (Mean Difference = 0.36; 

95% CI 0.16–0.55; P =0.0003; I2 = 86%) (Figure 5). However, heterogeneity for mean 

temperature as a continuous variable was considerable at 86%. This significant 

heterogeneity is similar to a previous meta-analysis on perioperative warming during C-

sections that used continuous outcome variables for statistical tests [10].

Subgroup analyses for continuous data concluded that mean temperatures were significantly 

lower when PW was used compared to a) FAW, b) intraoperative AW only, c) pre- and 

intraoperative AW, d) AW and warm IV/irrigation fluids, e) AW and room temperature IV/
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irrigation fluids, and f) AW in C-sections. No significant difference in mean temperature was 

found between AW with the conductive heat mat and PW. Considerable heterogeneity was 

maintained with subgroup analyses, except in the room temperature fluid subgroup where I2 

= 0% (See Table 3).

4. DISCUSSION

4.1. Summary of evidence

This is the first systematic review and meta-analysis comparing the effectiveness of warming 

interventions for the prevention of IPH in patients receiving neuraxial anesthesia. We 

included 25 studies (n= 2,048 patients) in the qualitative synthesis and 11 studies (n = 1,189 

patients) in the meta-analysis. The results of this systematic review and meta-analysis 

provide key findings. First, PW does not maintain normothermia in surgical procedures with 

neuraxial anesthesia. Although cotton blankets are very commonly used in clinical practice, 

this is an ineffective intervention for preventing hypothermia. In the 14 studies evaluating 

cotton blankets, mean temperatures were as low as 35.2±0.5°C upon arrival in the PACU 

[21] and in one study, 88% of elderly patients had a temperature less than 35°C [23]. This 

was supported by our meta-analysis of 11 studies evaluating outcomes of PW versus AW. 

When PW was used, temperatures at the end of surgery or upon admission to PACU were 

significantly lower (P = 0.0003) and a significantly greater proportion of patients were 

hypothermic (P < 0.0001) when compared to AW.

Secondly, we found that intraoperative AW is more effective than PW at reducing the 

incidence of IPH in patients receiving neuraxial anesthesia. In five studies (n = 206 patients), 

mean temperatures were significantly lower when PW was used compared to AW (P = 

0.001); and in six studies (n = 344 patients) more patients were hypothermic (P = 0.004). 

This is clinically relevant, because over 55% of the patients receiving PW intraoperatively 

were hypothermic, whereas less than 40% were hypothermic when intraoperative AW was 

utilized (P < 0.0001); reflecting a 29% decreased risk of IPH with the use of intraoperative 

AW during neuraxial anesthesia.

Third, although intraoperative AW reduces the incidence of IPH when compared to PW, our 

systematic review found that AW did not consistently prevent the IPH with neuraxial 

anesthesia. Our meta-analysis of three studies (n = 213 patients) found that using AW pre- 

and intraoperatively resulted in the greatest mean temperature difference between AW and 

PW (P = 0.02). Preoperative AW decreases the temperature gradient between the core and 

peripheral tissues when anesthesia is initiated, thus minimizing redistribution [6]. Despite 

these influential findings, studies evaluating prewarming with neuraxial anesthesia cited 

difficulties in maintaining active warming interventions during anesthesia induction [38].

4.2. Limitations

A limitation of this analysis is the potential bias for authors of included studies to selectively 

report outcomes. In some studies, temperature was measured every five to thirty-minutes but 

not all temperatures were reported. This lack of standardization in outcome reporting limited 

our ability to include a larger number of studies in the statistical analysis of continuous 
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outcome data. Temperature measurement sites varied between studies and although invasive 

temperature measures are more accurate [39], they are not feasible during neuraxial 

anesthesia. The control over covariates was unclear in some studies, for example, use for 

warm vs. room temperature IV and irrigation fluids. Many studies gave vague explanations 

of randomization, allocation, and blinding, leaving these bias ratings unclear. Additionally, 

the heterogeneity of the continuous outcome analysis was considerable. We recommend that 

future studies give detailed descriptions of methods and report complete outcomes including 

mean temperatures to ensure future comparisons of AW devices.

5. Conclusion

Perioperative hypothermia is a serious perioperative concern and can result in negative 

patient outcomes [2]. Understanding the effectiveness of preventive measures is essential. 

This review confirms that utilization of PW interventions consistently results in low 

temperatures, large temperature changes, and a higher incidence of hypothermic patients. 

Even in the studies that found no difference between AW and PW, most subjects did not 

maintain normothermia with the PW interventions. This is similar to findings of studies of 

patents under general anesthesia[7]. Passive warming is only acceptable when used for 

comfort in the perioperative setting, and should not be considered an intervention to prevent 

IPH. Active warming should be used for patients receiving neuraxial anesthesia. However, 

our systematic review found that perioperative hypothermia persists with current AW 

technology. Further research is needed to examine how to improve the technology and use of 

AW with a focus on head-to-head comparisons of different AW methods, controlling for 

covariates and when feasible, and reporting actual core body temperatures.
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Appendix A

PRISMA checklist

Section/topic # Checklist item Reported
on page #
or
section #

TITLE

Title 1 Identify the report as a systematic review, meta-analysis, or both. p. 1

ABSTRACT

Structured
summary

2 Provide a structured summary including, as applicable: background;
objectives; data sources; study eligibility criteria, participants, and
interventions; study appraisal and synthesis methods; results; 
limitations;
conclusions and implications of key findings; systematic review 
registration
number.

p. 2–3

INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of what is already 
known.

Section 1

Objectives 4 Provide an explicit statement of questions being addressed with 
reference to
participants, interventions, comparisons, outcomes, and study design 
(PICOS).

Section 1.1

METHODS

Protocol and
registration

5 Indicate if a review protocol exists, if and where it can be accessed 
(e.g., Web
address), and, if available, provide registration information including
registration number.

Not
published

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and 
report
characteristics (e.g., years considered, language, publication status) 
used as
criteria for eligibility, giving rationale.

Section 2.1

Information
sources

7 Describe all information sources (e.g., databases with dates of 
coverage,
contact with study authors to identify additional studies) in the search 
and date
last searched.

Section
2.1; Fig. 1

Search 8 Present full electronic search strategy for at least one database, 
including any
limits used, such that it could be repeated.

Section
2.1; Box 1

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, 
included in
systematic review, and, if applicable, included in the meta-analysis).

Section
2.1;
Section
2.3; Fig 1

Data collection
process

10 Describe method of data extraction from reports (e.g., piloted forms,
independently, in duplicate) and any processes for obtaining and 
confirming
data from investigators.

Section
2.1;
Section 2.2

Data items 11 List and define all variables for which data were sought (e.g., PICOS, 
funding

Section 2
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Section/topic # Checklist item Reported
on page #
or
section #

sources) and any assumptions and simplifications made.

Risk of bias in
individual
studies

12 Describe methods used for assessing risk of bias of individual studies
(including specification of whether this was done at the study or 
outcome
level), and how this information is to be used in any data synthesis.

Section 2.4

Summary
measures

13 State the principal summary measures (e.g., risk ratio, difference in 
means).

Section 2.3

Synthesis of
results

14 Describe the methods of handling data and combining results of
studies, if done, including measures of consistency (e.g., I2) for each
meta-analysis.

Section
2.2;
Section 2.3

Risk of bias
across studies

15 Specify any assessment of risk of bias that may affect the cumulative 
evidence
(e.g., publication bias, selective reporting within studies).

Section 2.4

Additional
analyses

16 Describe methods of additional analyses (e.g., sensitivity or subgroup
analyses, meta-regression), if done, indicating which were pre-
specified.

Section 3.5

RESULTS

Study selection 17 Give numbers of studies screened, assessed for eligibility, and 
included in the
review, with reasons for exclusions at each stage, ideally with a flow 
diagram.

Section
3.1; Fig 1

Study
characteristics

18 For each study, present characteristics for which data were extracted 
(e.g.,
study size, PICOS, follow-up period) and provide the citations.

Section
3.2; Table 1;
Appendix B

Risk of bias
within studies

19 Present data on risk of bias of each study and, if available, any 
outcome level
assessment (see item 12).

Section
3.3; Fig. 2

Results of
individual
studies

20 For all outcomes considered (benefits or harms), present, for each 
study: (a)
simple summary data for each intervention group (b) effect estimates 
and
confidence intervals, ideally with a forest plot.

Section
3.4, 3.4.1,
3.4.2,
3.4.3;
Section
3.5, 3.5.1,
3.5.2; Fig. 4; Fig 
5;
Table 2;
Table 3;
Appendix B

Synthesis of
results

21 Present results of each meta-analysis done, including confidence 
intervals and
measures of consistency.

Section
3.5.1,
3.5.2; Fig. 4; Fig 
5;
Table 2;
Table 3;

Risk of bias
across studies

22 Present results of any assessment of risk of bias across studies (see 
Item 15).

Section
3.3; Fig. 3

Additional
analysis

23 Give results of additional analyses, if done (e.g., sensitivity or 
subgroup
analyses, meta-regression [see Item 16]).

Section
3.5.1,
3.5.2;
Table 2;
Table 3;

DISCUSSION

Summary of
evidence

24 Summarize the main findings including the strength of evidence for 
each main
outcome; consider their relevance to key groups (e.g., healthcare 
providers,
users, and policy makers).

Section 4.1
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Section/topic # Checklist item Reported
on page #
or
section #

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and 
at
review-level (e.g., incomplete retrieval of identified research, 
reporting bias).

Section 4.2

Conclusions 26 Provide a general interpretation of the results in the context of other 
evidence,
and implications for future research.

Section
4.1;
Section 5

FUNDING

Funding 27 Describe sources of funding for the systematic review and other 
support (e.g.,
supply of data); role of funders for the systematic review.

1

Adapted from: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/
journal.pmed1000097
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Box 1

CINAHL search.

MH ("Anesthesia, Conduction+" OR "Anesthetics, Local+" OR "Transurethral Resection of
Prostate" OR "Prostatectomy+" OR "Arthroplasty+" OR "Anesthetics, Local+" OR
"Cesarean
Section+") OR TX (cesarean or caesarean or arthroplasty or prostatectomy or turp OR
"transurethral resection") OR TX ((epidural OR spinal OR regional OR local) AND TX
(anesthesia OR anaesthesia))

AND

MH ("Warming Techniques" OR MH "Heating/MT") OR TX (“carbon fiber” OR “forced
air”

OR “circulating water garment*” OR vitaheat OR vitalheat OR “bair hugger*” OR “hot dog”

OR hotdog OR “bair paw*” OR heat OR heated OR heating OR normothermia OR
normothermic OR warm OR warming OR warmed OR warmth OR hot OR rewarming)

AND

PT clinical trial OR TX random* OR MH "Treatment Outcomes+" MH "Experimental
Studies+" OR MH "Quantitative Studies"

Reference for search filter: Wong S, Wilczynski N, Haynes R. Optimal CINAHL search strategies for 

identifying therapy studies and review records. J Nurs Scholarsh 2006;38:194-9. doi:10.1111/j.

1547-5069.2006.00100.x

Shaw et al. Page 15

J Clin Anesth. Author manuscript; available in PMC 2018 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Highlights

• Perioperative hypothermia is a common complication of neuraxial anesthesia.

• Perioperative hypothermia increases the risk of negative patient outcomes.

• Active warming (AW) is superior to passive warming during neuraxial 

anesthesia.

• Perioperative hypothermia still occurs in some patients receiving AW.

• Innovation in AW technology and comparative effectiveness research are 

needed.
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Fig. 1. 
PRISMA flow diagram
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Fig. 2. 
Risk of Bias within the included studies (n=25).
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Fig. 3. 
Risk of Bias across the included studies (n=25).
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Fig. 4. 
Dichotomous data (hypothermia vs. normothermia) forest plot for AW vs. PW.
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Fig. 5. 
Continuous data (mean temperature) forest plot for AW vs. PW.
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