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ABSTRACT

Background

Intraoperative hypothermia during both open and laparoscopic abdominal surgery may be associated with adverse events. For
laparoscopic abdominal surgery, the use of heated insufflation systems for establishing pneumoperitoneum has been described to prevent
hypothermia. Humidification of the insufflated gas is also possible. Past studies on heated insufflation have shown inconclusive results
with regards to maintenance of core temperature and reduction of postoperative pain and recovery times.

Objectives

To determine the effect of heated gas insufflation compared to cold gas insufflation on maintaining intraoperative normothermia as well
as patient outcomes following laparoscopic abdominal surgery.

Search methods

We searched Cochrane Colorectal Cancer Specialised Register (September 2016), the Cochrane Central Register of Controlled Trials
(CENTRAL; The Cochrane Library 2016, Issue 8), Ovid MEDLINE (1950 to September 2016), Ovid Embase (1974 to September 2016),
International Pharmaceutical Abstracts (IPA) (September 2016), Web of Science (1985 to September 2016), Scopus, www.clinicaltrials.gov
and the National Research Register (1956 to September 2016). We also searched grey literature and cross references. Searches were limited
to human studies without language restriction.

Selection criteria

Only randomised controlled trials comparing heated (with or without humidification) with cold gas insufflation in adult and paediatric
populations undergoing laparoscopic abdominal procedures were included. We assessed study quality in regards to relevance, design,
sequence generation, allocation concealment, blinding, possibility of incomplete data and selective reporting. Two review authors
independently selected studies for the review, with any disagreement resolved in consensus with a third co-author.

Data collection and analysis

Two review authors independently performed screening of eligible studies, data extraction and methodological quality assessment of the
trials. We classified a study as low-risk of bias if all of the first six main criteria indicated in the 'Risk of Bias Assessment' table were assessed
as low risk. We used data sheets to collect data from eligible studies. We presented results using mean differences for continuous outcomes
and relative risks for dichotomous outcomes, with 95% confidence intervals. We used Review Manager (RevMan) 5.3 software to calculate
the estimated effects. We took publication bias into consideration and compiled funnel plots.
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Main results

We included 22 studies in this updated analysis, including six new trials with 584 additional participants, resulting in a total of 1428
participants. The risk of bias was low in 11 studies, high in one study and unclear in the remaining studies, due primarily to failure to
report methodology for randomisation, and allocation concealment or blinding, or both. Fourteen studies examined intraoperative core
temperatures among heated and humidified insufflation cohorts and core temperatures were higher compared to cold gas insufflation
(MD 0.31 °C, 95% Cl, 0.09 to 0.53, 12 = 88%, P = 0.005) (low-quality evidence). If the analysis was limited to the eight studies at low risk
of bias, this result became non-significant but remained heterogeneous (MD 0.18 °C, 95% Cl, -0.04 to 0.39, 12= 81%, P = 0.10) (moderate-
quality evidence).

In comparison to the cold CO, group, the meta-analysis of the heated, non-humidified group also showed no statistically significant
difference between groups. Core temperature was statistically, significantly higher in the heated, humidified CO, with external warming
groups (MD 0.29 °C, 95% Cl, 0.05 to 0.52, 12 = 84%, P = 0.02) (moderate-quality evidence). Despite the small difference in temperature of
0.31 °C with heated CO,, this is unlikely to be of clinical significance.

For postoperative pain scores, there were no statistically significant differences between heated and cold CO,, either overall, or for any
of the subgroups assessed. Interestingly, morphine-equivalent use was homogeneous and higher in heated, non-humidified insufflation
compared to cold insufflation for postoperative day one (MD 11.93 mg, 95% Cl 0.92 to 22.94, 12 = 0%, P = 0.03) (low-quality evidence) and
day two (MD 9.79 mg, 95% CI 1.58 to 18.00, 12 =0%, P =0.02) (low-quality evidence). However, morphine use was not significantly different
six hours postoperatively or in any humidified insufflation groups.

There was no apparent effect on length of hospitalisation, lens fogging or length of operation with heated compared to cold gas insufflation,
with or without humidification. Recovery room time was shorter in the heated cohort (MD -26.79 minutes, 95% Cl -51.34 to -2.25, 12 = 95%,
P =0.03) (low-quality evidence). When the one and only unclear-risk study was removed from the analysis, the difference in recovery-room
time became non-significant and the studies were statistically homogeneous (MD -1.22 minutes, 95% Cl, -6.62 to 4.17, 12 = 12%, P = 0.66)
(moderate-quality evidence).

There were also no differences in the frequency of major adverse events that occurred in the cold or heated cohorts.

These results should be interpreted with caution due to some limitations. Heterogeneity of core temperature remained significant despite
subgroup analysis, likely due to variations in the study design of the individual trials, as the trials had variations in insufflation gas
temperatures (35 °C to 37 °C), humidity ranges (88% to 100%), gas volumes and location of the temperature probes. Additionally, some of
the trials lacked specific study design information making evaluation difficult.

Authors' conclusions

While heated, humidified gas leads to mildly smaller decreases in core body temperatures, clinically this does not account for improved
patient outcomes, therefore, there is no clear evidence for the use of heated gas insufflation, with or without humidification, compared to
cold gas insufflation in laparoscopic abdominal surgery.

PLAIN LANGUAGE SUMMARY
Heated CO, for laparoscopic abdominal surgery

Background

In laparoscopic surgery, surgery is performed through smallincisions using long instruments and video cameras. To create a working and
viewing space in the abdomen, carbon dioxide (CO,) is insufflated to separate the abdominal wall from internal organs. Traditionally,

unheated CO, is used but there has been suggestions that heated CO, may prevent hypothermia. Hypothermia has been associated with

heart attacks, abnormal heart rhythms, increased infections, decreased clotting ability and increased blood loss. We aimed to investigate
the role of heated compared with cold CO, in laparoscopic abdominal surgery.

Study Characteristics

We searched the medical literature for randomised controlled trials (where people are allocated at random to one of two or more treatment
groups) that compared heated and cold CO,. We analysed data from the trials for changes in core temperature. We also compared post-

operative pain scores and pain medication requirements, length of hospital stay, length of surgery and fogging of the surgical video camera
lens. Evidence is current to September 2016.

Key results and quality of evidence

We identified and included 22 trials. There was an increase of 0.31 °C in the heated, humidified CO, group compared to the cold CO,
group but the data were heterogeneous (highly variable). However, if the analysis was limited to the eight low-risk-of-bias studies that
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reported core temperatures, no significant difference was found. Also, there was no temperature difference for heated and non-humidified
gas compared to cold gas.

There was no difference in postoperative pain with heated or cold insufflation. However, pain medication use was higher in only the heated,
non-humidified group on postoperative days one and two.

Heated gas apparently did not change length of hospitalisation, lens fogging or length of operation. Recovery room stay was shorter
with heated gas but the data was heterogeneous (highly variable). When we only included studies at low risk of bias, the data became
homogeneous (less variable) and the recovery room time was not significantly different between the heated and cold gas groups.

Authors' Conclusions

While heated, humidified gas leads to slightly smaller decreases in core body temperatures, this does not account for improvement in
any patient outcomes. Therefore, there is no clear evidence for the use of heated gas insufflation, with or without humidification, in
laparoscopic abdominal surgery.

Heated insufflation with or without humidification for laparoscopic abdominal surgery (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Core temperature

Heated CO, with or without humidification for laparoscopic abdominal surgery

Patient or population: Laparoscopic abdominal surgery (core temperature)

Setting: Operating room
Intervention: Heated gas

Comparison: Cold gas

Outcomes Anticipated absolute effects” (95% Cl) Ne of participants  Quality of the evi- Comments

(studies) dence
Risk with cold gas Risk with heated gas (GRADE)
Change in core tem- The mean change in core tem-  The mean change in core temperature in 1100 @300 Negative temper-
perature (°C) perature was -0.22 °C the intervention group was 0.21 °C higher (19 RCTs) LOW 12 ature indicates
(0.06 to 0.36) core temperature
dropped during
surgery

Change in core tem- The mean change in core tem-  The mean change in core temperature: 885 @300

perature: heated, hu- perature: heated, humidified heated, humidified vs cold in the interven- (14 RCTs) LOwW 12

midified vs cold vs cold was -0.25 °C tion group was 0.31 °C higher (0.09 to 0.53)

Change in core tem- The mean change in core tem- The mean change in core temperature: 215 S&PO0

perature: heated only perature: heated vs cold was heated vs cold in the intervention group (7 RCTs) Low 12

vs cold -0.19°C was 0.02 °C higher (-0.16 to 0.20)

Change in core tem- The mean change in core tem-  The mean change in core temperature for 653 SPBO

perature for known perature for low risk of bias low risk of bias studies in the intervention (10 RCTs) MODERATE4

low risk of bias studies  studies was-0.10 °C group was 0.16 °C higher (-0.01 to 0.33)

Change in core tem- The mean change in coretem-  The mean change in core temperature for 561 SPPO

perature for known perature for low risk of bias low risk of bias studies: heated, humidified (8 RCTs) MODERATE4

low risk of bias studies:  studies: heated, humidified vs  vs cold in the intervention group was 0.18 °C

heated, humidified vs cold was -0.09 °C higher (-0.04 to 0.39)

cold

Change in core tem- The mean change in core tem-  The mean change in core temperature for 92 SPPO

perature for low risk perature for low risk of bias low risk of bias studies: heated vs cold in (3RCTs) MODERATE 2

of bias studies: heated
only vs cold

studies: heated vs cold was
-0.10°C

the intervention group was 0.12 °C higher

(-0.15 t0 0.39)
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Change in core tem- The mean change in coretem-  The mean change in core temperature with 545 SPBO
perature with external  perature with external warm-  external warming in the intervention group (8 RCTs) MODERATE!
warming ing was -0.14 °C was 0.29 °C higher (0.05 to 0.52)

Change in core tem- The mean change in coretem-  The mean change in core temperature with- 340 SPPO
perature without ex- perature without external out external warming in the intervention (6 RCTs) MODERATE!
ternal warming warming was -0.40 °C group was 0.32 °C higher (-0.11 to 0.75)

Change in core tem- The mean change in core tem-  The mean change in core temperature for 194 @330
perature for opera- perature for operations>120  operations > 120 min in the intervention (4 RCTs) MODERATE 1

tions>120 min

min was -0.74 °C

group was 0.70 °C higher (0.10 to 1.30)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: Confidence interval; RR: Risk ratio; OR: Odds ratio;

GRADE Working Group grades of evidence
High quality: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-

stantially different

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

Risk of bias not clear
Inconsistent effect

Hw N

Low-risk studies only
Wide confidence intervals

Summary of findings 2. Pain score

Heated CO, with or without humidification for laparoscopic abdominal surgery

Patient or population: Laparoscopic abdominal surgery (pain score)

Setting: Hospital

Intervention: Heated gas
Comparison: Cold gas

Outcomes

Anticipated absolute effects* (95% Cl)

Risk with cold gas

Risk with heated gas

Ne of participants
(studies)

Quality of the evi- Comments
dence
(GRADE)
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Day 1 pain score (0 to The mean day 1 pain score The mean day 1 pain score in the intervention 991 SPOO Higher score indi-
10-point VAS) was 2.8 group was 0.04 fewer (-0.42 to 0.34) (14 RCTs) LOW 12 cates more pain for
participants
Day 1 pain score: heat- ~ The mean day 1 pain score: The mean day 1 pain score: heated, humidi- 670 &P00
ed, humidified vs cold heated, humidified vs cold fied vs cold (abdominal) in the intervention (10 RCTs) LOW 12
(abdominal) (abdominal) was 4 group was 0.14 fewer (-0.6 to 0.33)
Day 1 pain score: heat-  The mean day 1 pain score: The mean day 1 pain score: heated, humid- 171 @000
ed, humidified vs cold heated, humidified vs cold ified vs cold (shoulder) in the intervention (3RCTs) VERY LOW 124
(shoulder) (shoulder) was 2 group was 0.35 fewer (-1.75 to 1.05)
Day 1 pain score: heat-  The mean day 1 painscore: ~ The mean day 1 pain score: heated vs cold in 150 @330
ed only vs cold heated vs cold was 2.8 the intervention group was 0.5 more (-0.11to (3 RCTs) MODERATE 1
1.12)

Day 2 pain score The mean day 2 pain score The mean day 2 pain score in the intervention 695 &POO

was 2.2 group was 0.28 fewer (-0.78 to 0.21) (10 RCTs) LOW 12
Day 2 pain score: heat-  The mean day 2 pain score: The mean day 2 pain score: heated, humidi- 442 SPOO
ed, humidified vs cold heated, humidified vs cold fied vs cold (abdominal) in the intervention (7T RCTs) LOw 12
(abdominal) (abdominal) was 3.2 group was 0.4 fewer (-1.07 to 0.28)
Day 2 pain score: heat- ~ The mean day 2 pain score: The mean day 2 pain score: heated, humid- 111 @000
ed, humidified vs cold heated, humidified vs cold ified vs cold (shoulder) in the intervention (2RCTs) VERY LOW 124
(shoulder) (shoulder) was 1.5 group was 0.88 fewer (-2.93 to 1.17)
Day 2 pain score: heat-  The mean day 2 pain score: The mean day 2 pain score: heated vs cold in 142 &POO
ed only vs cold heated vs cold was 1.9 the intervention group was 0.41 more (-0.44 (3RCTs) LOW 12

t01.27)

Day 1 pain score for The mean day 1 pain score The mean day 1 pain score for low risk of bias 570 DD
low risk of bias studies  for low risk of bias studies studies in the intervention group was 0.17 (7 RCTs) HIGH3

was 2.7 more (-0.21 to 0.55)
Day 1 pain score for The mean day 1 pain score The mean day 1 pain score for low risk of bias 460 )
low risk of bias studies:  for low risk of bias studies: studies: heated, humidified vs cold (abdomi- (7 RCTs) HIGH3
heated, humidified vs heated, humidified vs cold nal) in the intervention group was 0.17 more
cold (abdominal) (abdominal) was 4.3 (-0.29 to 0.63)
Day 1 pain score for The mean day 1 pain score The mean day 1 pain score for low risk of bias 110 SO
low risk of bias studies:  for low risk of bias studies: studies: heated, humidified vs cold (shoul- (2RCTs) MODERATE 4

heated, humidified vs
cold (shoulder)

heated, humidified vs cold
(shoulder) was 1.2

der) in the intervention group was 0.25 more
(-0.81to 1.31)

0
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Day 2 pain score for The mean day 2 pain score The mean day 2 pain score for low risk of bias 380 )
low risk of bias studies  for low risk of bias studies studies in the intervention group was 0.29 (5RCTs) HIGH3
was 3.5 fewer (-0.65 to 0.07)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% Cl).

Cl: Confidence interval; RR: Risk ratio; OR: Odds ratio;

GRADE Working Group grades of evidence

High quality: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

A W N =

. Risk of bias not clear

. Inconsistent effect

. Low-risk studies only

. Wide confidence intervals

Summary of findings 3. Morphine consumption

Heated CO, with or without humidification for laparoscopic abdominal surgery

Patient or population: Laparoscopic abdominal surgery (morphine consumption)
Setting: Post-operative

Intervention: Heated gas

Comparison: Cold gas

Outcomes Anticipated absolute effects” (95% Cl) Ne of participants  Quality of theevi- Comments
(studies) dence
Risk with cold gas Risk with heated gas (GRADE)
Upto6h The mean up to 6 h morphine  The mean up to 6 h in the intervention group 231 SO Morphine con-
consumption was 12.6 mg was 0.45 mg more (-1.19 to 2.08) (4 RCTs) MODERATE 1 sumption was pre-

sented as equiva-
lent daily dose

Day 1 morphine The mean day 1 morphine The mean day 1 morphine consumption in the 573 SPBO
consumption was 32.4 mg intervention group was 0.64 mg less (-4.48 to (9 RCTs) MODERATE 1
3.20)
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Day 1 morphine: The mean day 1 morphine The mean day 1 morphine consumption: heat- 481 S&PO0
heated, humidified = consumption: heated, humid-  ed, humidified vs cold in the intervention group (7 RCTs) Low 14
vs cold ified vs cold was 31.2 mg was 1.66 mg less (-4.79 to 1.46)
Day 1 morphine: The mean day 1 morphine The mean day 1 morphine consumption: heat- 92 &P00
heated onlyvscold  consumption: heated vs cold ed vs cold in the intervention group was 11.93 (3RCTs) Low 12
was 33.6 mg mg more (0.92 to 22.94)
Day 2 morphine The mean day 2 morphine The mean day 2 morphine consumption in the 532 @330
consumption was 22.1 mg intervention group was 0.61 mg less (-2.79 to (7 RCTs) MODERATE 1
1.57)
Day 2 morphine: The mean day 2 morphine The mean day 2 morphine consumption: heat- 410 o)
heated, humidified = consumption - Heated, hu- ed, humidified vs cold in the intervention group (6 RCTs) MODERATE 1
vs cold midified vs cold was 21.3 mg was 0.94 mg less (-1.9 to 0.01)
Day 2 morphine: The mean day 2 morphine The mean day 2 morphine consumption: heat- 122 &POO
heated only vs cold  consumption: heated vs cold ed vs cold in the intervention group was 9.79 (2RCTs) Low 12

was 23 mg

mg more (1.58 to 18.00)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: Confidence interval; RR: Risk ratio; OR: Odds ratio;

GRADE Working Group grades of evidence
High quality: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-

stantially different

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
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Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1. Risk of bias not clear
2. Wide confidence intervals

Summary of findings 4. Hospital stay

Heated CO, with or without humidification for laparoscopic abdominal surgery

Patient or population: Laparoscopic abdominal surgery (hospital stay)
Setting: Hospital
Intervention: Heated gas
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Comparison: Cold gas

Outcomes Anticipated absolute effects* (95% Cl) Ne of participants Quality of the evi- Comments
(studies) dence

Risk with cold gas Risk with heated gas (GRADE)
Hospital stay (days) ~The mean hospital stay was  The mean hospital stay in the intervention group 685 BP0

2.7 days was 0.06 days less (-0.31 to 0.19) (10 RCTs) MODERATE 1
Hospital stay: heat-  The mean hospital stay: The mean hospital stay: heated, humidified vs 563 SPB0O
ed, humidified vs heated, humidified vs cold cold in the intervention group was 0.13 days less (9 RCTs) MODERATE 1
cold was 2.9 days (-0.44 t0 0.18)
Hospital stay: heat-  The mean hospital stay: The mean hospital stay: heated vs cold in the in- 122 SPBO
ed only vs cold heated vs cold was 2.6 days  tervention group was 0.20 days more (-0.23 to (2RCTs) MODERATE 1

0.62)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: Confidence interval; RR: Risk ratio; OR: Odds ratio;

GRADE Working Group grades of evidence
High quality: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-

stantially different

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1. Risk of bias not clear

Summary of findings 5. Recovery time

Heated CO, with or without humidification for laparoscopic abdominal surgery

Patient or population: Laparoscopic abdominal surgery (recovery time)

Setting: Hospital

Intervention: Heated gas

Comparison: Cold gas

Outcomes

Anticipated absolute effects” (95% Cl)

Ne of participants
(studies)

Quality of the evi-
dence
(GRADE)

Comments

0
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0T

Risk with cold gas Risk with heated gas
Recovery time The mean recovery time was The mean recovery time in the intervention 327 &P00
(minutes) 106.8 min group was 26.79 min less (-51.34 to -2.25) (6 RCTs) LOW 12
Recovery time for The mean recovery time for The mean recovery time for low risk of bias 277 BP0
low risk of bias low risk of bias studies was studies in the intervention group was 1.22 min (5RCTs) MODERATE2
studies 90.1 min less (-6.62 t0 4.17)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: Confidence interval; RR: Risk ratio; OR: Odds ratio;

GRADE Working Group grades of evidence

High quality: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-

stantially different

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1. Risk of bias not clear
2. Wide confidence intervals

Summary of findings 6. Lens fogging

Heated CO, with or without humidification for laparoscopic abdominal surgery

Patient or population: Laparscopic abdominal surgery (lens fogging)
Setting: Operating room

Intervention: Heated Gas

Comparison: Cold Gas

Outcomes Anticipated absolute effects”* (95% Cl) Ne of participants  Quality of theevi- Comments
(studies) dence
Risk with cold gas Risk with heated gas (GRADE)
Times cleaned The mean frequency of clean-  The mean times cleaned in the intervention 341 &POO The frequency of
ing was 1.8 times group was 0.73 times more (-0.32 to 1.77) (7 RCTs) LOw 12 lens cleaning during

surgery

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).
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Cl: Confidence interval; RR: Risk ratio; OR: Odds ratio;

GRADE Working Group grades of evidence

High quality: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-

stantially different

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1. Risk of bias not clear
2. Inconsistent effect

Summary of findings 7. Operative time

Heated CO, with or without humidification for laparoscopic abdominal surgery

Patient or population: Laparoscopic abdominal surgery (operative time)

Setting: Operating room
Intervention: Heated gas
Comparison: Cold gas

Outcomes Anticipated absolute effects™ (95% CI) Ne of participants  Quality of theevi- Comments

(studies) dence
Risk with cold gas Risk with heated gas (GRADE)

Operative time The mean operative time was  The mean operative time in the intervention 1318 G000

(minutes) 76.6 min group was 0.44 min less (-3.91 to 3.04) (20 RCTs) VERY LOW 123

Operative time: The mean operative time: The mean operative time: heated, humidified 1033 @000

heated, humidified  heated, humidified vs cold vs cold in the intervention group was 2.01 min (15 RCTs) VERY LOW 123

vs cold was 94.3 min less (-7.15to 3.13)

Operative time: The mean operative time: The mean operative time: heated vs cold inthe 285 S&PO0

heated only vs cold  heated vs cold was 58.8 min intervention group was 0.91 min more (-4.02 to (7T RCTs) LOw 13

5.83)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: Confidence interval; RR: Risk ratio; OR: Odds ratio;

GRADE Working Group grades of evidence
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(4%

High quality: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1. Risk of bias not clear
2. Inconsistent effect
3. Wide confidence intervals
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BACKGROUND

Description of the condition

Intraoperative hypothermia can occur with open or laparoscopic
surgery. General anaesthesia is associated with impaired
thermoregulation (Putzu 2007; Qadan 2009) and insufflation
of gas at ambient temperature during laparoscopic abdominal
surgery may contribute to worsened hypothermia due to
prolonged procedure times. Perioperative hypothermia has been
associated with myocardial ischaemia and stimulation of cardiac
dysrhythmias, such as ventricular tachycardia (Frank 1993; Frank
1997; Putzu 2007). Generalised immunosuppression and increased
surgical site infections have also been described in conjunction
with hypothermia. Infections are thought to arise because of a
reduction in oxygen delivery to healing tissue due to peripheral
vasoconstriction, (Beilin 1998; Qadan 2009). Increased blood loss
has been associated with intraoperative hypothermia, resulting in
greater transfusion requirements (Putzu 2007; Rajagopalan 2008),
which may in turn further worsen hypothermia. Certain patient
populations, including the elderly, may be at a higher risk of
hypothermia (Macario 2002).

Description of the intervention

A European survey of 8083 surgical cases determined that only
19.4% of patients received intraoperative temperature monitoring
(TEMMP). Interventions to prevent hypothermia include passive
techniques (such as blankets and covers), and active techniques
(such as heated forced air systems, heated mattresses and blankets,
warmed humidified ventilator circuits and warmed intravenous
and irrigation fluids). These techniques have been suggested to
limit perioperative complications due to hypothermia (Putzu 2007;
Winkler 2000; Wong 2007). Warm and humidified gas insufflation
during laparoscopic surgery has been suggested as another active
method to prevent hypothermia. The gas is heated by using a tube
with an inline heating coil and water reservoir. The gas may be
heated and humidified using such systems. The insufflation gas of
choicein laparoscopic surgery is CO, but other possibilities include

nitrous oxide, helium or argon.

How the intervention might work

Several studies have analysed the impact of using warmed
CO,, with or without humidification, for abdominal insufflation
in laparoscopic surgery on patient-centred clinical outcomes. It
has been suggested that warming up CO, prior to insufflation
may prevent hypothermia and peritoneal inflammation (Demco
2001). Other studies concluded that warmed insufflation decreases
postoperative pain (Champion 2006; Farley 2004; Hamza 2005;
Mouton 1999; Ott 1998) and improves recovery times. These
studies typically involved small and specific patient populations.
In contradiction, there are a number of studies that show no
important clinical benefits of using heated insufflation (Davis
2006; Nguyen 2002) and one in particular showed increased
postoperative pain in the heated group (Kissler 2004).

Why it is important to do this review

This systematic review is an update to our previous review (Birch
2011), to further clarify the role of heated CO, on core temperature
during laparoscopic abdominal surgery and its impact on relevant
clinical outcomes.

We repeated our search for eligible trials with updated search
strategies, identified additional studies and included them in the
meta-analyses.

OBJECTIVES

To determine the effect of heated gas insufflation compared to
cold gas insufflation on maintaining intraoperative normothermia
as well as patient outcomes following laparoscopic abdominal
surgery.

METHODS

Criteria for considering studies for this review
Types of studies

All types of randomised controlled trials (RCT) including parallel-
group, crossover, cluster and factorial trials.

Types of participants

Adults and children undergoing laparoscopic abdominal surgery.

Types of interventions

Heated, with or without humidification, gas insufflation versus cold
gas insufflation.

Types of outcome measures
Primary outcomes

Change in intra-operative core temperature preferably measured
via the tympanic membrane, nasopharynx, oesophagus, bladder or
rectum (Cork 1983).

Secondary outcomes

The following clinical outcomes:

« postoperative pain score (10-point visual analogue scale (VAS));

« morphine consumption; preferably reported as morphine
equivalent daily doses

« hospital stay;

» recovery room stay;

+ lensfogging;

« operative time;

« major adverse events defined as Clavien-Dindo grade Il or
higher (Dindo 2004).

Search methods for identification of studies
Electronic searches

We conducted a comprehensive literature search to identify all
published and unpublished RCTs with no language restrictions in
collaboration with the Cochrane Information Specialist (CIS) from
Cochrane Colorectal Cancer. We searched the following electronic
databases:

o Cochrane Colorectal Cancer
(September 2016);

« Cochrane Central Register of Controlled Trials (CENTRAL; The
Cochrane Library 2016, Issue 8)) (September 2016) (Appendix 1);

+ Ovid MEDLINE (1950 to Septermber 2016) (Appendix 2);

Group Specialised Register

Heated insufflation with or without humidification for laparoscopic abdominal surgery (Review) 13
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« Ovid Embase (1974 to September 2016) (Appendix 3);

« SCOPUS (date to July 2016) (Appendix 4);

« Web of Science (1985 to July 2016) (Appendix 5);

« www.clinicaltrials.gov, International Pharmaceutical Abstracts,
the National Research Register and Google Scholar for
completed and ongoing trials (Appendix 6).

Searching other resources

We also searched Google Scholar, conference proceedings and
reference lists of included studies for relevant studies.

Data collection and analysis
Selection of studies

Two review authors (JD, XS) performed study selection
independently, with any subsequent disagreement resolved
through discussion with a third co-author (NS). Studies were
included in the review irrespective of whether they reported
measured outcome data.

Data extraction and management

Two review authors (XS, NS) independently collected data from
the included studies into data sheets. We resolved disagreements
through discussion with a third co-author (JD). Two studies (Saad
2000; Wills 2001) that did not use standard visual analogue scales
(VAS) had their 0 to 100 scores converted to a score from 0 to 10.

Assessment of risk of bias in included studies

We used the Cochrane ‘Risk of bias’ tool for assessing risk of bias
of included trials (Higgins 2011). We assessed risk of bias of the
following domains:

« random sequence generation;

« allocation concealment;

« blinding of participants and personnel;
« blinding of outcome assessment;

« incomplete outcome data;

« selective reporting bias;

« other bias (conflicts of interest, reporting of data, reporting and
balance of characteristics at baseline).

We judged each domain as low risk, high risk or unclear risk of
bias according to criteria used in the Cochrane ‘Risk of bias’ tool
(see Appendix 7) (Higgins 2011). We judged a study as low risk of
bias if we assessed all of the first six domains as low risk. Two
review authors (JD, XS) independently assessed the risk of bias and
disagreements were resolved with a third author (NS).

Measures of treatment effect

We calculated the effect of the intervention for each trial,
expressing categorical data as relative risks (RR) with 95%
confidence intervals (Cl) and continuous data as mean differences
(MD) £ 95% Cls.

Unit of analysis issues

For individual trials, the unit of analysis we used was individual
participants. There were no cluster-randomised trials or cross-over
trials that would be at risk of unit of analysis issues eligible for
inclusion in our review. If there are such studies in future updates,

we will perform sensitivity analyses to determine the effect of these
trials on outcome measures.

Dealing with missing data

If possible, we obtained missing data either from the original study
authors or from similar reviews written by others (Lee 2011; Sajid
2008; Sammour 2008). We contacted nine authors, four responded
with additional data, two had no further data, and three did not
respond. When the original data only provided the mean, we used
the largest standard deviation (SD) in the group of trials in the
analysis.

Assessment of heterogeneity

We assessed clinical heterogeneity for differences in participant
characteristics (paediatric vs adult), intervention characteristics
(humidified vs non-humidified, duration of surgery, external
warming) and outcome measures (abdominal vs shoulder pain)
with subgroup analysis where possible. Heterogeneity was tested
using the Chi? test with significance set at P <0.10 and the amount
of heterogeneity quantified by the I? statistic. Heterogeneity was
considered as low, moderate, and high based on 12 values of 25%,
50%, and 75%, respectively (Higgins 2003).

Assessment of reporting biases

We considered publication bias and compiled funnel plots for the
studies to reveal this. We then applied Egger's linear regression
analysis (Egger 1997) to each funnel plot to detect asymmetry.

Data synthesis

We used meta-analysis to combine the outcomes and determine
the estimated effect of intervention, which we calculated using
Review Manager (RevMan) software version 5.3 (RevMan 2014). We
applied the random-effects method in our analysis, assuming that
the true effect estimates varied among studies.

Subgroup analysis and investigation of heterogeneity

When significant heterogeneity was found among studies, we
performed subgroup analysis to explore the source. We performed
subgroup analysis for humidified vs non-humidified subgroups for
the following outcomes: core temperature, pain score, morphine
consumption, hospital stay, and operative time. For the core
temperature outcome, we also analysed subgroups with longer
operative times (more than 120 minutes) and those with external
warming. The 120-minute threshold was decided after consulting
with surgeons on the research team as there was no clear definition
in the literature. Further, for pain scores, we performed subgroup
analysis for shoulder and abdominal pain. Shoulder pain occurs in
some patients after insufflation due to referred pain from irritation
of the diaphragm. Additionally, we performed separate analysis
with only low-risk-of-bias studies for core temperature, pain score
and recovery time.

Summary of Findings Table

We assessed the quality of evidence of core temperature, pain
score, morphine consumption, hospital stay, recovery room stay,
lens fogging and operative time for the heated gas group
versus cold gas group using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach
(Schiinemann 2009) in the 'Summary of Findings' table(s).

Heated insufflation with or without humidification for laparoscopic abdominal surgery (Review) 14
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The GRADE system classifies the quality of evidence in one of four

grades:

Grade Definition

High Further research is very unlikely to change our confidence in the estimate of effect

Moderate Further research is likely to have an impact on our confidence in the estimate of effect and may
change the estimate

Low Further research is very likely to have an important impact on our confidence on the estimate of ef-
fect and is likely to change the estimate

Very low Any estimate of effect is very uncertain

Factors that influence the quality of evidence:

Downgrades the evidence

Upgrades the evidence

Study limitation

Large magnitude of effect

Inconsistency of results

All plausible confounding would reduce the demonstrated effect

Indirectness of evidence

Dose-response gradient

Imprecision

Publication bias

Sensitivity analysis

Not all studies had adequately reported on sequence generation,
allocation concealment, blinding, or number of and reasons for
withdrawals, and were therefore at an unclear risk of bias. We
therefore performed sensitivity analyses including only those trials
with a known low risk of bias.

RESULTS

Description of studies
Results of the search

The electronic searches identified a total of 2392 citations. After
removing duplicate studies, we reviewed 1850 titles or abstracts,

and excluded trials that involved non-abdominal procedures,
uncommon laparoscopic procedures, non-human subjects and
those not using cold gas as a control. We also excluded duplicated
studies and non-randomised controlled trials. Finally, the review
authors DB, NS and XS agreed that 22 trials met the inclusion
criteria and included them in this review. See PRISMA diagram
(Moher 2009) (Figure 1).

Heated insufflation with or without humidification for laparoscopic abdominal surgery (Review) 15
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Figure 1. Study flow diagram

2392 recards 53 additional
identified through recards identified
database through other
searching saurces

!

1850 records after duplicates
remaoved

¥

1850 titles ar

abstracts of the
records were "

1814 records excluded

screened

¥

36 full-text articles
assessed far .

eligibility

14 full-text articles excluded:

A were not RCTs

4 had different interventions
5 had no published paper
ar data

1 was not primariliy
laparoscapic

¥

22 studies
included in
qualitative
synthesis

T

21 studies
included in
quantitative
synthesis
(meta-analysis)

1 excluded for data not
amenable to meta-analysis

Heated insufflation with or without humidification for laparoscopic abdominal surgery (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

16



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Included studies

All 22 included studies were RCTs comparing heated CO,
insufflation (with or without humidification) with standard cold
CO, insufflation. All the included studies used CO, insufflation. We
excluded from the review studies examining outcomes that were
dissimilar to those relevant to this review and studies where we
did not receive a response from the authors. Surgical procedures
included in the studies were: gastric bypass (n = 168), gynaecologic
surgery (n=259), cholecystectomy (n =500), Nissen fundoplication
(n=157), appendicectomy (n =190), low anterior resection (n = 16),
gastrectomy (n=7), colonic surgery (n=84), diagnostic laparoscopy
(n=40), hernioplasty (n =4), myotomy (n =2) and rectopexy (n=1).

Primary outcome data were available for 1081 participants as three
studies (Demco 2001; Klugsberger 2014; Slim 1999) did not report
intraoperative changes in core temperature. Of these, 430 were in
the heated, humidified gas group; 105 were in the heated-only gas
group; and 546 were in the cold gas group.

Five studies had relatively long operative times (more than
120 minutes) (Backlund 1998; Hamza 2005; Lee 2011; Ott 1991;
Sammour 2010). Ten out of 22 studies used a warming blanket
for simultaneous warming (Backlund 1998; Farley 2004; Hamza
2005; Lee 2011; Manwaring 2008; Nguyen 2002; Sammour 2010;
Savel 2005; Wills 2001; Yu 2013). A heated insufflation company
supported 11 of the 22 trials (Backlund 1998; Davis 2006; Farley
2004; Hamza 2005; Kissler 2004; Manwaring 2008; Mouton 1999;
Nelskyla 1999; Ott 1998; Savel 2005; Wills 2001). Ten of the
22 studies demonstrated a benefit with the use of heated gas
insufflation (Agaev 2013; Backlund 1998; Farley 2004; Hamza 2005;
Klugsberger 2014; Lee 2011; Mouton 1999; Nelskyla 1999; Ott 1998;
Puttick 1999). See Characteristics of included studies and Table 1;
Table 2; Table 3 for full study details.

Agaev 2013: originally published in Russian, this study examined
150 laparoscopic operations (110 cholecystectomies and 40
fundoplications), participants with standard CO, vs. warmed,
humidified CO, during the operations. Their conclusion was
warmed, humidified CO, had advantages for maintaining a warmer
intraoperative core temperature, having less postoperative pain
and requiring fewer analgesic prescriptions.

Backlund 1998: examined the effect of 37 °C and room temperature-
insufflated CO, during and after prolonged laparoscopic surgery
(more than 120 minutes). Twenty six participants undergoing
fundoplication, hernioplasty, resection of the sigmoid colon and
rectopexy were randomly assigned to warm or cold gas groups.
Core temperature, cardiac index, urine output and recovery room
opioid usage and pain scores were recorded.

Champion 2006: was a trial of heated, humidified versus cold
dry CO, insufflation for laparoscopic gastric bypass, which
examined 50 consecutive obese patients with homogeneous
baseline characteristics (gender, age, preoperative weight, body
mass index (BMI) and c-reactive protein (CRP)) between groups.
The ambient insufflation gas was at a temperature of 35
°C and 95% relative humidity. The sole difference identified
in the heated group was a lower postoperative subjective
shoulder pain score at 18 hours. There were no differences
between groups in intraoperative core temperature, operating
room temperature, litres of insufflation, operating time, number of

lens cleanings, recovery room temperature, narcotic usage, length
of hospitalisation, high-sensitivity CRP at 24 hours or abdominal
pain scores.

Davis 2006: with adequate allocation concealment, this study
examined 44 laparoscopic Roux-en-Y gastric bypass patients in
Ohio State University. There were four study groups with 11
participants in each and similar baseline characteristics across the
groups. The groups included the following insufflation techniques:
1) cold dry, 2) cold humidified (97% relative humidity), 3) heated dry
(37 °C) and 4) heated humidified (37 °C and 97% relative humidity)
CO,. There were no differences in patient core temperature, intra-
abdominal humidity, postoperative narcotic usage, pain scale
scores, recovery room time, length of hospitalisation, lens fogging
or macrophage activity between groups, though participants in
the heated, humidified insufflation group demonstrated increased
macrophage activity in biopsies.

Demco 2001: 40 women undergoing diagnostic laparoscopy were
randomised to heated, humidified insufflation or cold CO,.
Outcomes were shoulder pain, fentanyl use, percent requiring
general anaesthetic, percent requiring intravenous sedation,
amount of gas instilled before experiencing pain, operating time,
recovery room time and time to recovery of shoulder pain.
Outcomes were presented as percentages of participants in various
groups (e.g. operative time more than 10 minutes, 10 to 20 minutes,
etc.), which could not be included in meta-analysis.

Farley 2004: with adequate allocation concealment, randomised
101 people undergoing laparoscopic cholecystectomy to either
cold or heated and humidified CO, insufflation. The experimental
group showed higher intraoperative core temperatures and
decreased postoperative pain scores at day 14; the study authors
questioned the clinical relevance of the latter outcome. They
identified no differences in the rate of lens fogging, narcotic
requirements, length of hospitalisation or time of return to baseline
activity levels.

Hamza 2005: randomised 50 people undergoing laparoscopic Roux-
en-Y gastric bypass surgery, with no information on allocation
concealment, to cold or heated and humidified CO; insufflation. Six
were excluded. Mean operative times for each group were greater
than 120 min. The heated group showed a higher intraoperative
core temperature, a reduction in time in the recovery room and
narcotic requirements, and a higher quality of recovery at 48
hours postoperatively. There were no differences in postoperative
tympanic membrane temperatures, pain scores, shivering, overall
morphine usage, nausea scores, Aldrete recovery assessment
scores, length of hospital stay or lens fogging.

Kissler 2004: recruited 90 consecutive women scheduled
for gynaecologic laparoscopic surgery into this study with
randomisation to heated humidified, heated non-humidified and
cold gas insufflation groups, each with 30 participants. The trial was
stopped following enrolment of 53 participants due to a tendency
for less pain and higher postoperative satisfaction in the cold
insufflation control group.

Klugsberger 2014: randomised 148 people undergoing
laparoscopic cholecystectomy to standard gas or warmed,
humidified gas groups. Intraoperative core temperature was
significantly higher with less six-hour postoperative pain in the
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warmed, humidified gas group. Pain was not significantly different
on the first day after operation.

Lee 2011: randomised 30 people undergoing laparoscopic low
anterior resection, colectomy or gastrectomy to heated CO, or

standard CO, groups. Mean operative times were greater than 200
minutes for each cohort. They recorded acid-base parameters and
core temperature. Heated CO, did not significantly change acid-
base parameters in participants but reduced the decrease in core
body temperature 30 minutes after pneumoperitoneum.

Manwaring 2008: randomised 60 gynaecology patients to heated
humidified or cold insufflation groups. Heated and humidified gas
insufflation was not associated with any significant benefits as no
difference was found in oesophageal temperature, pain scores or
narcotic usage.

Mouton 1999): randomised 40 people undergoing cholecystectomy
to heated, humidified insufflation or cold gas insufflation.
Eight were excluded. Though they found no difference in core
temperature during the relatively brief operations, there was
significantly less pain compared to the experimental heated and
humidified insufflation participants at six hours and on the first
to third days postoperatively. Pain was also less on the 14th
postoperative day.

Nelskyla 1999: randomised 40 women undergoing laparoscopic
hysterectomy to heated or unheated gas insufflation groups. Three
were excluded. Tympanic and nasopharyngeal intraoperative
temperatures were not different between the groups.

Nguyen 2002: randomised 20 people undergoing laparoscopic
Nissen fundoplication, without information on the allocation
method, to heated and humidified or cold and dry gas insufflation
groups. There were no differences in core temperature, pain scores,
narcotic consumption, urine output or lens fogging.

Ott 1998: without stating the number of participants in each
group, this study randomised 72 women undergoing laparoscopic
gynaecologic surgery to heated and humidified or cold and dry
gas insufflation. Most data was extracted from a systematic review
(Sammour 2008) and was only available for 50 patients with
no reason was given. The experimental heated group showed
improved intraoperative normothermia and postoperative pain,
and reduced recovery room stay.

Puttick 1999: randomised 30 people undergoing laparoscopic
cholecystectomy to heated or cold gas insufflation. The study
authors concluded that intraoperative cooling could be prevented
by heating the insufflated gas.

Saad 2000: randomised 20 people undergoing laparoscopic
cholecystectomy to heated or cold gas insufflation with no effects
when comparing core temperature or postoperative pain. VAS pain
scores were converted from a 0 to 100 scale to a standard 0 to 10
scale.

Sammour 2010: randomised 82 people undergoing laparoscopic
colon surgery to heated, humidified or cold gas insufflation groups,
each with 41 participants. Eight patients were excluded. They
found no significant effects, including no effect on the early
postoperative inflammatory cytokine response. Mean operative
times were greater than 170 minutes for both cohorts.

Savel 2005: randomised 30 people undergoing laparoscopic
Roux-en-Y gastric bypass to cold or heated and humidified gas
insufflation groups. Length of hospitalisation and operative time
were reduced in the experimental group but the study found no
differences in pain sensation.

Slim 1999: enrolled 100 people undergoing laparoscopic
cholecystectomy, fundoplication, or Heller's myotomy and
randomised them to cold or heated insufflation. Shoulder and
subcostal pain sensation was increased in the heated insufflation
group and the study found no difference on core temperature or
narcotic consumption.

Wills 2001: randomised 41 people to heated or cold gas
insufflation during laparoscopic fundoplication. One was excluded.
An increased core temperature was associated with the heated
insufflation group, though the control group participants suffered
less postoperative pain and required fewer narcotics. VAS pain
scores were converted from a 0 to 100 scale to a standard 0 to 10
scale.

Yu 2013: randomised 195 children undergoing laparoscopic
appendectomy to warm, humidified CO, or standard CO, groups.
Five were excluded. The study assessed postoperative opioid
usage, pain intensity, postoperative recovery and return to normal
activities. Warm, humidified CO, insufflation had no short-term
clinical benefits on postoperative outcomes in children.

Excluded studies

We excluded Beste 2006 and Benavides 2009 from this review
because they compared heated, humidified CO, with heated,
non-humidified CO,, a comparison not intended for this review.
However, they were included in two previously published
systematic reviews (Sajid 2008; Sammour 2008). Herrmann 2015
we excluded because it assessed laparoscopic-assisted vaginal
hysterectomies which is not primarily an abdominal, laparoscopic
surgery. We excluded the remaining studies because they were
not RCTs. Excluded studies were excluded from both quantitative
and qualitative analyses. See section on Characteristics of excluded
studies for details.

Risk of bias in included studies

We assessed risk of bias for all included studies (Figure 2; Figure 3).
Eleven studies had an overall low risk of bias (low risk of bias for
the six main criteria assessed) in the presentation of their results
(Champion 2006; Davis 2006; Farley 2004; Hamza 2005; Lee 2011;
Manwaring 2008; Nguyen 2002; Sammour 2010; Slim 1999; Wills
2001; Yu 2013).
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Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study
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Figure 3. (Continued)
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Allocation

We rated 11 studies at unclear risk of bias, with nine of these studies
(Backlund 1998; Demco 2001; Kissler 2004; Mouton 1999; Nelskyla
1999; Ott 1998; Puttick 1999; Saad 2000; Savel 2005) failing to report
on the methodology for randomisation or allocation concealment.
Agaev 2013 stated that randomisation was done with a computer
model post-anaesthetic, but comparative groups were very uneven
with 84 in the heated group and 66 in non-heated. Klugsberger 2014
was unclear about randomisation and also had uneven groups (67
in heated and 81 in non-heated).

Blinding

We judged five studies (Backlund 1998; Mouton 1999; Ott 1998;
Puttick 1999; Saad 2000) at unclear risk of bias because they had
no description of blinding. The remaining studies were adequately
blinded with only one or two operating-room personnel unblinded
to initiate the intervention.

Incomplete outcome data

We deemed three studies an unclear risk of attrition bias. Agaev
2013 did not state the number of participants included in their
analysis. Kissler 2004 was stopped early because the control group
had less pain and improved satisfaction. Nelskyla 1999 excluded
three participants without clear reasoning. Ott 1998 reported data
on only 55 of 72 participants and did not state a reason for this
missing data. This was assessed a high risk of bias.

Selective reporting

Demco 2001 did not report any core temperatures which would be
expected from a study on heated insufflation. Klugsberger 2014 and
Slim 1999 reported mean core temperatures but did not report on
intraoperative changes in core temperature. However, Slim 1999
only measured subdiaphragmatic core temperatures once during
the operation so this is not due to selective reporting.

Other potential sources of bias

Agaev 2013, originally published in Russian, was translated
voluntarily by a research scientist employed by a surgical
humidification device company. We deemed this an unclear risk of
bias due to a possible conflict of interest. Many studies (Agaev 2013;
Backlund 1998; Champion 2006; Davis 2006; Hamza 2005; Kissler
2004; Lee 2011; Mouton 1999; Nguyen 2002; Ott 1998; Saad 2000;
Savel 2005; Wills 2001) were also missing standard deviations and
this potentially distorted the true effects and potentially increased
the error.

Demco 2001 did not report any baseline demographics, while Ott
1998 did not separate demographics between groups and potential
imbalances in participant characteristics could have contributed to
bias.

Industry supported eight trials by providing heated insufflation
devices (Backlund 1998; Farley 2004; Kissler 2004; Manwaring
2008; Nelskyla 1999; Savel 2005; Wills 2001). Two trials received
educational grants from industry (Davis 2006; Hamza 2005) and one
trial reported industry assistance (Mouton 1999). We judged this a
low risk of bias as there appeared to be no industry influence in the
trials with industry support.

Effects of interventions

See: Summary of findings for the main comparison Core
temperature; Summary of findings 2 Pain score; Summary
of findings 3 Morphine consumption; Summary of findings 4
Hospital stay; Summary of findings 5 Recovery time; Summary of
findings 6 Lens fogging; Summary of findings 7 Operative time

Primary outcome
Change in core temperature

(Analysis 1.1; Analysis 1.2; Analysis 1.3)

Nineteen studies reported change in intraoperative core
temperatures. Overall, core temperature was slightly higher with
heated CO, (MD 0.21 °C, 95% Cl 0.06 to 0.36, P = 0.007) (Figure

4). Heterogeneity was substantial (12 = 86%), therefore subgroup
analyses were performed for humidified and non-humidified CO,.
Heated gas with humidification had a small, but positive effect
on core temperature intraoperatively compared to cold CO, (MD
0.31 °C, 95% CI 0.09 to 0.53, P = 0.005) (Figure 4). When only
studies with low risk of bias were assessed, this effect became
statistically non-significant (Figure 5). No apparent effect was found
in the non-humidified, heated-gas group compared to cold gas,
regardless of analysis based on all studies or only low-risk studies.
A subgroup analyses for operations lasting less and more than 120
minutes were also performed. There was no difference detected
in temperature between heated and cold CO2 for operations
lasting less than 120 minutes. However, for operations lasting over
120 minutes (Backlund 1998; Hamza 2005; Ott 1998; Sammour
2010), temperature was significantly higher with warming and
humidification, but the studies exhibited significant statistical
heterogeneity (12 = 91%) (Figure 6). When subgroup analyses of
studies using external warming were conducted, core temperatures
were significantly higher in the heated, humidified group (MD 0.29
°C, 95% Cl 0.05 to 0.52) (Figure 7); but the studies were once again
statistically heterogenous (12 = 84%). The only trial with a known
low risk of bias (Savel 2005) showed no statistically significant
difference between groups, however, with only 30 participants,
such a small trial would unlikely be adequately powered to detect
a difference between groups even if one was present (Figure
7). When only trials not using external warming were analysed,
heated, humidified gas had no apparent effect on core temperature
compared to cold gas. (Figure 8).
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Figure 4. Forest plot of comparison: 2 Core temperature, outcome: 2.1 Change in core temperature
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Figure 5. Forest plot of comparison: 2 Core temperature, outcome: 2.2 Change in core temperature for low risk of

bias studies
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Figure 6. Forest plot of comparison: 1 Core temperature, outcome: 1.5 Change in core temperature in heated,
humidified vs cold groups with OR > 120 Minutes
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Figure 7. Forest plot of comparison: 2 Core temperature, outcome: 2.3 Change in core temperature in heated,
humidified vs cold groups with external warming
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Figure 8. Forest plot of comparison: 1 Core temperature, outcome: 1.4 Change in temperature in heated, humidified

vs cold groups without external warming
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Secondary outcomes
Pain scores

(Analysis 2.1; Analysis 2.2; Analysis 2.3; Analysis 2.4)

For pain scores (measured using a 0 to 10 visual analogue scale),
there was no statistically significant difference detected between
groups overall on day 1 (MD -0.04, 95% CI -0.42 to 0.34) or day 2 (MD
-0.28,95% CI -0.78 to 0.21). Subgroup analyses were performed for
the effect of humidified CO, and non-humidified CO,, on shoulder
and abdominal pain separately, and for heated only versus cold CO2
(not by location of pain).

Favours unheated Favours heated

Day1

The effect of heated and humidified gas on postoperative day
one showed no statistically significant difference compared to cold
gas (abdominal pain MD -0.14, 95% Cl -0.60 to 0.33, P = 0.57;
shoulder pain MD -0.35, 95% Cl -1.75 to 1.05, P = 0.62) (Figure 9).
Given the significant heterogeneity across studies (abdominal P =
0.02, 12 = 53%; shoulder P = 0.03, 12 = 72%), sensitivity analyses
were performed and only studies with a known low risk of bias
were included. The pain scores were still apparently not different
with respect to either abdominal or shoulder pain and the test of
heterogeneity was no longer statistically significant (abdominal P =
0.32, 12 =15%; shoulder P =0.22, I2 = 35%) (Figure 10). When heated
only gas was compared to cold gas, the day-one pain scores were
not statistically significantly different (Figure 9).

Heated insufflation with or without humidification for laparoscopic abdominal surgery (Review)

24

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Figure 9. Forest plot of comparison: 1 Pain score, outcome: 1.1 Day 1 pain score
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Figure 10. Forest plot of comparison: 1 Pain score, outcome: 1.3 Day 1 pain score for low risk of bias study

Heated Unheated Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
2.2.1 Heated, humidified vs cold (abdominal)
Champion 2006 a1 241 25 48 1.8 28 11.4% 0.30[-0.78,1.38] e R
Davis 2006 49 28 11 A5 24 11 30%  -060[278 158
Hamza 2005 5 2.8 23 5 24 21 5.49% 0.00[-1.54,1.54] —
Manwaring 2008 41 245 30 38 24 30 8.9% 0.60 064, 1.84] T
Mguyen 2002 45 28 10 54 16 10 38%  -090[2.901.10]
Sammour 2010 3.9 1485 35 285 217 39 14.8% 1.05[0.11, 1.99] —_—
Yu 2013 26 21 45 28 2 95  33.3%  -0.20[-0.78, 038 —
Subtotal (95% CI) 229 231 80.T% 0.17 [-0.29, 0.63] -
Heterogeneity: Tau®= 0.06; Chi*=7.04, df= 6 (P=0.32), F=158%
Testfor overall effect: £= 0.73 (F = 0.46)
2.2.2 Heated, humidified vs cold (shoulder)
Champion 2006 0 26 25 0.2 08 25 12.2%  -0.20[1.25,0.89] D
Manwaring 2008 3 26 30 21 28 30 T1% 0.90 [-0.49, 2.249] S I —
Subtotal (95% CI) 55 55 19.3% 0.25[-0.81, 1.31] e
Heterogeneity: Tau*=0.21; Chi*=1.53,df=1 (P=0.22), F=35%
Testfor averall effect Z= 046 (F=0.64)
Total (95% CI) 284 286 100.0% 0.17 [-0.21, 0.55] ?
Heterogeneity: Tau?= 0.02; Chi®=8.589, df= 8 (P = 0.38) F=T% 54 52 ] é i

Test for overall effect: £= 0.86 (F = 0.29)

Testfor suharoun diferences: Chi®= 002, df=1 (P = 0.89), F=0%
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Day 2

For pain on the second postoperative day, heated and humidified
gas did not apparently improve abdominal or shoulder pain
(abdominal MD -0.40, 95% CI -1.07 to 0.28, P = 0.25; shoulder MD
-0.88, 95% Cl -2.93 to 1.17, P = 0.40), but again, the studies were
heterogenous (12 62% and 92%, respectively) (Figure 11). When only

low risk of bias studies were included, the conclusion remained
unchanged (Figure 12) and 12 decreased to 0%. With heated only
gas, the postoperative day-two pain score was similar to the cold
gas control (MD 0.41, 95% Cl -0.44 to 1.27, P = 0.34) with no
statistically significant heterogeneity across trials (P = 0.23, 12 =
33%).

Figure 11. Forest plot of comparison: 1 Pain score, outcome: 1.2 Day 2 pain score

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Heated Unheated
Study or Subgroup  Mean SD Total Mean SD Total Weight
2.3.1 Heated, humidified vs cold (abdominal)
Champion 2006 46 2.2 25 4 232 25 TT%
Davis 2006 35 232 11 4 22 11 4.8%
Hamza 2005 4 22 23 4 232 21 7%
Maouton 1999 na 22 16 38 22 16 B1%
Sammour 2010 2.7 1.44 35 31 1.99 38 10.7%
Savel 2005 2.3 3 15 16 16 15 5.3%
Yu 2013 1.8 1.6 95 22017 95 13.0%
Subtotal (95% CI) 220 222 54.8%
Heterogeneity: Tau®=0.45; Chi*=1569, dfi= 6 (P=0.02); F=62%
Test for averall effect Z=116 (F=0.25)
2.3.2 Heated, humidified vs cold (shoulder)
Champion 2006 0.2 0B 25 01 05 25 1349%
Ott 1998 09 22 31 29 23 30 8.8%
Subtotal (95% CI) 56 55 22.4%

Heterogeneity: Tau®= 2.03; Chi®=12.90, df=1 (P = 0.0003); F=92%
Test for overall effect: Z= 0.84 (P =0.40)

2.3.3 Heated vs cold

Davis 2006 46 22 11 4 22 11 4.8%
Saad 2000 03 14 10 07 16 10 7AW
Slim 1999 2 22 49 11 232 51 101%
Subtotal (95% CI) 70 72 22.8B%
Heterogeneity: Tau®=0.19; Chi®= 288, df=2 (P=0.23), F=33%
Testfor overall effect: £= 095 (F =0.24)

Total (95% CI) 346 349 100.0%

Heterogeneity: Tau®=0.43; Chi®= 37.26, df= 11 (P =0.0001); F=70%
Test for overall effect: Z=1.14 (F = 0.26)
Testfor suharoun differences: Chi®= 268, df= 2 (P=0.26), F=25.4%
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Figure 12. Forest plot of comparison: 1 Pain score, outcome: 1.4 Day 2 pain score of low risk of bias studies

Heated Unheated Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CIl
Champion 2006 4.6 2.2 25 4 232 25 8.7% 0.60 062, 1.82] ]
Davis 2006 35 22 11 4 22 11 38%  -050[2.34,1.34)] —
Hamza 2005 4 22 23 4 22 21 TT% 0.00[-1.30,1.30] . —
Sarmrnour 2010 27 1.44 35 31 1.489 3 M0%  -040[1.19, 039 —
Yu 2013 1.8 16 45 22017 45 AB8%  -040[0.87 0.07] -
Total (95% CI) 189 191 100.0%  -0.29[-0.65, 0.07] L
Heterogeneity: Tau?= 0.00; Chi*= 2.87, df= 4 (P = 063 F= 0% 14 12 3 é j‘

Testfor overall effect: Z=1 486 (F=0.12)

Morphine consumption

(Analysis 3.1; Analysis 3.2; Analysis 3.3)

Four studies comparing heated and humidified CO, with cold
CO, insufflation reported no statistically significant difference in

morphine consumption up to six hours post-operatively between
groups (MD 0.45 mg, 95% Cl -1.19 to 2.08, P = 0.59) (Figure

Favours heated Favours unheated

13). Heterogeneity was not statistically significant across studies
(12 = 0%). Morphine use on the first postoperative day was not
significantly different either overall (MD -0.64 mg, 95% Cl -4.48 to
3.20), or when CO, was heated and humidified (MD -1.66 mg, 95% Cl
-4.79t0 1.46,P=0.30), but was higher when CO, was heated without
humidification (MD 11.93 mg, 95% Cl 0.92 to 22.94, P = 0.03) (Figure
14). A similar pattern was observed for the second postoperative
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day, where there was no difference overall or with humidification,  but was higher with heated, non-humidified CO, (MD 9.79 mg, 95%
Cl1.58t0 18.00, P = 0.02) (Figure 15).

Figure 13. Forest plot of comparison: 3 Morphine consumption, outcome: 3.1 Up to 6 hours

Heated Unheated Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Backlund 1998 114 45 13 117 &8 13 17.58%  -030[}4.21, 361]
Farley 2004 38 445 49 27 43 82 T16% 080113, 273
Sammour 2010 157 136 35 158 209 39 42%  -010[8.06, 7.86] e E—
Savel 2005 19 B 15 20 M 15 G.7%  -1.00[7.34 5.34] I
Total (95% CI) 112 119 100.0% 0.45[-1.19, 2.08] ?

Heterageneity: Tau®= 0.00; Chi®=0.49, df= 3 {FP =092}, F=0% f

20 -1 0 0 20
Test for overall effect: £= 054 (F=0.59) Favours heated Favours unheated

Figure 14. Forest plot of comparison: 3 Morphine consumption, outcome: 3.2 Day 1 morphine

Heated Unheated Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight I, Random, 95% CI IV, Random, 95% CI
3.2.1 Heated, humidified vs cold
Davis 2006 33 286 11 31 4494 11 1.3% 2.00[31.73,3573
Farley 2004 232 2741 49 292 354 52 Q0% -6.00[1825 6.29] — —
Hamza 2005 3220 23 7 18 21 105% -500[16.23 6.23] I
Mguyen 2002 32 149 10 27 26 10 36% 5.00[-14.96, 24 96]
Sammour 2010 33.2 286 35 462 494 39 4.3% -13.00[F3117,817]
Savel 2005 3/ 1T 15 41 27 15 54% -500[21.15,11.158] e
Yu 2013 6.6 14 95 7.2 1141 95 64.4% -0.60 [4.19, 2.99] :—
Subtotal (95% CI) 238 243 88.4%  -1.66 [-4.79, 1.46]

Heterageneity, Tau®= 0.00; Chi®= 3.29, df= 6P =077, F= 0%
Testfor overall effect Z=1.04 (P =0.30)

3.2.2 Heated vs cold

Davis 2006 T 247 11 31 494 11 1.4% -4.00[-36.64, 28.64]

FPuttick 1999 52,3 247 15 368 28.2 15 3.8% 1550[3.85, 34.89)]

Wills 2001 46 238 19 3289 235 21 G4% 1310[1.58, 27.78] T
Subtotal (95% CI) 45 47  11.6% 11.93[0.92, 22.94] e

Heterogeneity: Tau®=0.00; Chi®=1.07, df= 2 (F=0.59); F=0%
Testfor averall effect Z= 212 (P =0.03)

Total (95% CI) 283 290 100.0%  -0.64 [-4.48, 3.20] *
Heterogeneity: Tau®=3.70; ChiF=9.78, df = 9 {(F=0.37); F=8%
Testfor averall effect Z= 032 (P =0.79)

Testfor subagroup diffierences: Chi*=542, df=1 {P=0.02), F=81.5%

20 -0 0 10 20
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Figure 15. Forest plot of comparison: 3 Morphine consumption, outcome: 3.3 Day 2 morphine

Heated Unheated Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.3.1 Heated, humidified vs cold
Charmpion 2006 3T 21 5 46 1.8 25 47.9% -0.90 [1.98,018]
Davis 2006 )| 25 11 25 347 11 0.7% B.00[19.27,31.27]
Harnza 2005 15 12 23 21 18 21 52% -BO0O0[1513, 313] —
Sammour 2010 18.8 18.7 38 301 347 39 2.8% -11.20[23.90 1.60] I —
Savel 2005 43 25 15 44 27 15 1.3% -1.00[19.62, 1762
Yu 2013 22 4.8 95 28 849 95 387% -0.B0 [2.74,1.54)] LB
Subtotal (95% CI) 204 206 93.6%  -0.94[-1.90,0.01] #
Heterageneity, Tau®= 0.00; Chi®=4.08, df=5(F =054, F= 0%
Testfor overall effect £=1.94 (P =0.05)
3.3.2 Heated vs cold
Davis 2006 3325 11 25 347 11 07% B.O00[17.27, 3327
Slim 1959 )| 24 49 21 20 a1 57% 10.001[1.32,18.68] s —
Subtotal (95% CI) 60 62 6.4% 9.79[1.58, 18.00] .
Heterogeneity: Tau®=0.00; Chi*=0.02, df=1 {F=0.88), F=0%
Testfor overall effect: Z= 234 (P=0.02)
Total (95% CI) 264 268 100.0%  -0.61[-2.79, 1.57]

Heterogeneity. Tau®= 2.28, Chi*=10.59, df=7 (F = 0.16); F= 34%

Testfor overall effect Z= 0545 (P=0.48)

Testfor subaroup differences: Chi*=6.48, df=1 (P =0.01), F= 84.6%
Hospital stay

(Analysis 4.1)

20 0 0 10 20
Favours heated Favours unheated

Length of stay in hospital was not different between the heated
(with or without humidification) and cold gas insufflation groups
(MD -0.06 days, 95% Cl -0.31 t0 0.19, P =0.65) (Figure 16). There was
no statistically significant heterogeneity across studies (12 = 28%).

Figure 16. Forest plot of comparison: 4 Hospital stay, outcome: 4.1 Hospital stay

Heated Unheated

Study or Subgroup Mean SD Total Mean

Mean Difference
SD Total Weight IV, Random, 95% Cl

Mean Difference
IV, Random, 95% CI

4.1.1 Heated, humidified vs cold l
Charmpion 2006 23 045 25 23 04 28 27.0% 0.00[-0.28 0.28]

Diavis 2006 24 31 11 24 849 11 0.2% 0.00 [-5.487, 5.57]

Farley 2004 1.29 04 49 12 1 52 214% 0.09 [-0.28, 0.45] *
Hamza 2004 2 31 23 2 89 21 0.4% 0.00 [-4.01, 4.01]

Mouton 1998 148 31 16 21 849 16 0.3% -0.60[5.22 4.07

Mguyen 2002 1.3 045 10 11 0.7 10 142% 0.20[-0.33 073 T
Sammour 2010 B4 31 35 88 849 349 07%  -2.40[-5.38 058 —
Savel 2005 32 0.4 15 4 049 1% 1454% -0.80[1.30,-0.30 -
Yu 2013 2 31 95 2 89 45 1.7% 0.00 [-1.90,1.80] 1
Subtotal (95% CI) 279 284 81.2%  -0.13[-0.44, 0.18] &

Heterageneity, Tau®= 0.06; Chi*=12.99, df= 3 {F=012); F= 26%
Testfor overall effect Z= 080 (F=0.42)

4.1.2 Heated vs cold

Davis 2006 23 31 11 24 89 1 0.2%
Slitm 1998 29 1.3 49 27 08 51 18.6%
Subtotal (95% CI) 60 62 18.8%

Heterogeneity: Tau*=0.00; Chi*=001, df=1 (P=092); F=0%
Testfor overall effect; 2= 0.92 (P = 0.36)

Total (95% CI) 339 346 100.0%
Heterogeneity: Tau*=0.04; Chi*=13.945, df =10 (P=0.18); F=28%
Test for overall effect: Z=0.445 (P = 0.65)

Testfor subaroup differences: Chi*=1.47, df= 1 (P=022), F=321%

Recovery room stay

(Analysis 5.1; Analysis 5.2)

Recovery room time was documented in six studies and there was
substantial heterogeneity among them (12 =95%). Shorter recovery

-010 567, 5.47]
0.20 [-0.23, 0.63] ]
0.20 [-0.23, 0.62]

L

-0.06 [-0.31, 0.19]

10 -5 0 5 10
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time (MD -26.79 minutes, 95% Cl -51.34 to -2.25, P =0.03) was found
with heated insufflation (Figure 17). With exclusion of the only high
risk study (Ott 1998), the studies were statistically homogenous (12
=12%) but the difference in recovery room stay was statistically not
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significant (MD -1.22 minutes, 95% Cl -6.62 to 4.17, P = 0.44) (Figure
18).

Figure 17. Forest plot of comparison: 7 Recovery room stay, outcome: 7.1 Recovery time

Heated unheated Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Champion 2006 568 113 25 865 111 25 19.6% 2,30 [3.91, 8.51] *
Diawis 2005 1448 30 11 1425 B3 11 12.0% 2,30 42,16, 46.76] —
Farley 2004 T4 20 43 82 29 52 19.0% 800 19,32, 3.32) =
Hamza 2005 83 30 23 107 B9 21 148% -24.00 [-55.96, 7.96] —=
Mamwaring 2008 62 199 30 B26 176 30 19.2% -060 1011, 8.91] +
Ott 1998 45 30 25 180 B9 25 154% -14500[174.48,-11551] ——
Total (95% CI) 163 164 100.0% -26.79[-51.34, -2.25] P
Heterogeneity: Tau®= 792.09; Chi*= 84.30, df= 5 (F = 0.00001); F= 85%

1 1 1 1
200 100 0 100 200

Testfor overall effect 2=214 (P =0.03) Favours heated Favours unheated

Figure 18. Forest plot of comparison: 7 Recovery room stay, outcome: 7.2 Recovery time for low risk of bias studies

Heated unheated Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Champion 2006 58.8 11.3 25 865 1141 25 49.7% 230 [-3.91, 8.81]
Davis 2006 1448 30 11 1425 (9 11 1.6% 2.30[-42.16, 46.76]
Farley 2004 T4 29 49 82 29 52 197% -800[19.32 337 -
Harnza 2005 83 30 23 107 @8 21 2.8% -24.00[-55496, 7 96]
Manwaring 2008 G2 19.9 30 G2E 176 30 264% -060[1011,8.91] —
Total (95% CI) 138 139 100.0%  -1.22[-6.62, 4.17] *
Heterogeneity: Tau®= 5.20; Chi*= 4.56, df= 4 (P = 0.34); F=12% —SIIZI _255 : 255 SID

Testfor averall effect: £=0.44 (P = 0.66) Favours heated Favours unheated

Lens fogging Evidence of substantial heterogeneity was present (12 = 78%) and
(Analysis 6.1) no significant difference in the lens fggglng scores was shown (MD
0.73,95% CI-0.32 to 1.77, P = 0.17) (Figure 19).

Figure 19. Forest plot of comparison: 5 Lens fogging, outcome: 5.1 Lens fogging

Heated Unheated Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Charmpion 2006 6 23 25 20031 25 141% 4.00([2.43, 5.51] e —
Davis 2006 1.7 23 11 1.3 31 11 10.2% 0.40[-1.88, 2.68] I
Farley 2004 1.1 23 49 16 31 52 166%  -0.50[1.56, 0.56] — T
Hamza 2005 2 23 23 20031 21 138% 0.00[-1.63,1.63] I E—
Mauyen 2002 1.6 2 10 165 31 10 10.2% 0.00 229 229 . E—
Sammour 2010 42 23 35 31 2 38 17.0% 1.10([0.11, 2.09] —
Savel 2005 1.28 0.9 15 1.2 1.04 18 18.4% 0.09 061, 0.79] -1
Total (95% CI) 168 173 100.0% 0.73[-0.32,1.77] ’

Heterogeneity: Tau®=1.41, Chi®= 2725 df= 6 (P = 0.0001), 7= 78% f t f i f

-4 -2 I 2 4
Testfor overall effect Z=1.36(F=0.17) Favours heated Favours unheated

Operative time mean operative time was similar across groups (MD -0.44 minutes,
95% Cl -3.91 to 3.04, P = 0.81) (Figure 20). Subgroup analyses

(Analysis 7.1) on humidified and non-humidified subgroups did not change the

Twenty studies reported their mean operative time; no evidence ~ "esults.
of statistically significant heterogeneity was found (12 = 28%). The
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Figure 20. Forest plot of comparison: 6 Operative time, outcome: 6.1 Operative time

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Heated Unheated

Study or Subgroup  Mean SD Total Mean SD Total Weight
7.1.1 Heated, humidified vs cold

Agaev 2013 42 488 66 A6 475 a4 3.4%
Backlund 1938 161 50 13 163 M 13 0.9%
Charnpion 2006 B1.7 104 25 B1.7 107 25 125%
Davis 2006 842 4818 11 B46 575 11 0.6%
Farley 2004 9412 227 49 912 223 52 8.6%
Hamza 2005 120 24 23132 48 21 21%
Kissler 2004 B2 258 17 45 245 149 3.3%
Klugsherger 2014 B7.4 257 81 893 187 67  10.4%
Manwaring 2008 496 171 o 468 18 a0 8.5%
Mauton 1999 40 488 16 483 475 16 0.8%
Mguyen 2002 107 12 10 108 33 10 2.3%
Oft 1998 190 488 25 230 avs 25 1.3%
Sammaur 2010 176.3 488 35 1847 a7.5 39 1.9%
Sawvel 2005 TE 1B 15 1M 34 15 2.8%
U 2013 698 313 95 T16 282 95 8.8%
Subtotal (95% CI) 511 522 68.3%

Heterogeneity: Tau®= 37.90; Chi®= 26.83, df=14 (P=0.02); P= 48%
Testfor overall effect Z=077 (P =0.44)

7.1.2 Heated vs cold

-40.00 [69.96, -10.44]

Davis 2006 831 488 11 B42 575 11 0.6%
Kigsler 2004 a1 18 17 45 2458 149 51%
Melskyla 1939 56 488 18 81 &7.58 149 1.0%
Puttick 1999 3213 975 15 31583 11.4 15 10.0%
Saad 2000 86 14 10 [ 17 10 4.9%
Slim 19499 T3 O37 49 67 3 al a.0%
Wills 2001 B3 18 19 72024 21 8.2%
Subtotal (95% CI) 139 146 31.7%
Heterogeneity: Tau®= 0.00; Chi*= 225, df= 6 {(F = 0.88) F= 0%
Testfor overall effect Z=036{F=0.72)

Total (95% CI) 650 668 100.0%

Heterogeneity: Tau®=16.33; Chi®= 28.26, df= 21 (P=0.11); P= 28%
Test for overall effect Z=025 (P =0.81)
Testfor subaroup diffierences: Chif= 064, df=1(P=042), F=0%

Adverse events

The majority of included studies did not report on adverse events
(Table 3). There were a total of twelve major adverse events with six
in the heated group and six in the cold group.

DISCUSSION

Controversy exists on the use of heated CO, insufflation during
laparoscopic surgery. Laparoscopic procedures already demand
higher operating expenses than conventional open techniques
(Janson 2004) and the addition of further complex equipment
only increases this limitation. In 2002, the European Association
for Endoscopic Surgery published consensus guidelines for
laparoscopic pneumoperitoneum and stated that, "the clinical
benefits of warmed humidified insufflation gas are minor and
contradictory" (Neudecker 2002).

Summary of main results

Evidence based on the 22 RCTs in this systematic review failed
to demonstrate definitive evidence for the use of heated CO,
insufflation during laparoscopic abdominal surgery. While heated
and humidified gas insufflation leads to slightly higher core
body temperatures, these studies are quite heterogeneous and
patient outcomes were not improved with respect to pain scores,
morphine consumption and hospital length of stay. For longer
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-200

operative cases (more than 120 minutes), heated gas is associated
with improved core temperatures during surgery. However, these
benefits disappeared when the analysis only included trials with a
known low risk of bias.

Among the 11 trials at a known low risk of bias included in the
review, only one study demonstrated both improved maintenance
of normothermia, as well as a reduction in analgesic use in the early
postoperative period (Hamza 2005). In this study, external warming
blankets were used solely as a 'rescue' treatment, potentially
confounding the effect of the experimental intervention. Another
study reported higher intraoperative core temperatures (Farley
2004) and improved postoperative pain but no differences in
other outcomes. One heated, non-humidified gas insufflation study
reported increased core temperatures but with higher operative
pain scores and narcotics usage (Wills 2001). The remaining eight
known low risk of bias studies did not find any beneficial effect
for the intervention in terms of maintaining normothermia. The
heterogeneity in core temperature outcomes across studies may be
secondary to minor protocol differences between studies such as
different insufflation gas temperatures (35 °C to 37 °C), humidity
ranges (88% to 100%), gas volumes and location of the temperature
probe.

Heated insufflation with or without humidification for laparoscopic abdominal surgery (Review)

30

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Overall completeness and applicability of evidence

All 22 RCTs included in this review compared heated CO, with
cold CO, insufflation. The majority (19 RCTs, n = 1100) reported
the primary outcome, change in core temperature. Fifteen studies
(n = 925) included humidified insufflation and ten studies (n =
617) used external warming. This allowed for various subgroup
analyses on different modalities of heated insufflation and helps
to determine whether changes such as humidification and external
warming have any effect. The review also included a broad range of
laparoscopic surgeries including cholecystectomy, gastric bypass,
gynaecological, gastrectomy, colectomy, low anterior resection
and fundoplication, proving its applicability to many different
laparoscopic abdominal surgeries. However, this variability may
have contributed to the heterogeneity of the results.

The majority of participants were 30 to 60 years old and were
female, as some studies only included women. Few of the studies
included participants more than 60 years old and results may not
be generalisable to an older population, who may be at higher
risk of hypothermia (Macario 2002). Additionally, only one study
(Yu 2013) enrolled primarily adolescents, who are at higher risk of
intraoperative hypothermia given their higher surface area to body
mass. This riskis particularly high in neonatal populations (Macario
2002), who were not studied in any trial included in this review.

Quality of the evidence

The results of this review should be interpreted cautiously due
to some limitations. Although the studies were all randomised
controlled trials and applicable to the research question, some
lacked design information making evaluation of study quality
difficult. Many of the studies included small sample sizes, which
made individual inferences difficult regarding the attribution of
effects to random error or the heated insufflation intervention.
This also affects precision of the results. The standard deviations
used for meta-analysis were missing from some studies and the
largest standard deviation from that group was used instead. This
potentially distorts the true effects and potentially increases error.
Finally, some heterogeneity across studies could not be explained
through subgroup analysis, and the results from studies were
often inconsistent. Specifically, conclusions on the effectiveness of
heated CO, on core temperature is downgraded as heterogeneity
remained significant despite subgroup analysis. See Summary of
findings for the main comparison.

We also assessed publication bias for each outcome with funnel
plots and Egger's linear regression test (Egger 1997) and we found
no publication bias (Figure 21; Figure 22; Figure 23; Figure 24; Figure
25). We performed Egger's test on outcomes that included data
from at least 10 trials: core temperature change (P = 0.697, 95% ClI
-4.26 to 2.94), day one pain score (P = 0.347, 95% CI -3.98 to 1.57),
operating time (P = 0.662, 95% CI -0.41 to 0.63), day one morphine
(P=0.917,95% Cl -1.58 to 1.72) and length of stay (P = 0.477, 95%
Cl-3.38t0 1.75).
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Figure 21. Funnel plot of comparison: 2 Core temperature, outcome: 2.1 Change in core temperature
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Figure 22. Funnel plot of comparison: 1 Pain Score, outcome: 1.1 Day 1 pain score
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Figure 23. Funnel plot of comparison: 3 Morphine consumption, outcome: 3.2 Day 1 morphine
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Figure 24. Funnel plot of comparison: 4 Hospital stay, outcome: 4.1 Hospital stay
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Figure 25. Funnel plot of comparison: 6 Operative time, outcome: 6.1 Operative time
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Potential biases in the review process

We could not identify any potential biases in the review process.

Agreements and disagreements with other studies or
reviews

Two previously published meta-analyses revealed different
conclusions from the current review (Sajid 2008; Sammour 2008).
Both provided evidence for a reduction in postoperative pain
and Sajid 2008 also demonstrated improved maintenance of
core temperature and decreased narcotic requirements. The
current review incorporates a greater number of studies in the
analysis, including six recent trials showing equivocal results
with heated insufflation compared to cold gas insufflation (Agaev
2013; Klugsberger 2014; Lee 2011; Manwaring 2008; Sammour
2010; Yu 2013). Finally, one study (Beste 2006) included in the
previous reviews compared heated insufflation with humidification
to heated insufflation without humidification, a comparison not in
keeping with the aims of the current review and therefore excluded.

AUTHORS' CONCLUSIONS

Implications for practice

Based on our review, heated CO, insufflation with humidification

leads to a smallimprovement in maintenance of core temperatures
in people undergoing laparoscopic abdominal surgery. The clinical

significance of a 0.31 °C difference in core temperature is
unclear. One systematic review (Rajagopalan 2008) analysed the
effect of mild hypothermia and found increased blood loss
and transfusion requirements in hypothermia with a median
temperature difference of 0.85 °C between hypothermic and
normothermic groups. Whether this still applies for a smaller
temperature difference has not been studied. However, heated
insufflation did not reduce postoperative pain or analgesic
requirements overall. There were also no differences in serious
adverse events that occurred in the cold or heated cohorts
to support the use of heated CO, in preventing hypothermia-
associated complications. Additionally, heated insufflation did not
seem to reduce hospital stay, recovery room stay, lens fogging,
or operative time. If the maintenance of normothermia can be
achieved through the use of warmed irrigation and external
warming devices, perhaps less consideration can be given to
the use of heated insufflation systems which adds expenses to
procedures already more costly than open surgical approaches.

Implications for research

Good quality studies of how heated and humidified CO, affects
patient outcomes have been completed. However, the studies
have relatively small sample sizes making detection of differences
between groups difficult due to low statistical power. In order to
further clarify the effect of heated insufflation on patient outcomes,
at least one large multi-centre RCT with adequate power should
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be performed. Though some change in core temperature maybe ACKNOWLEDGEMENTS
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Agaev 2013

Methods

Double-blinded RCT

Participants

n =110, laparoscopic cholecystectomy; n = 40, laparoscopic fundoplication

Interventions

Warmed, humidified CO5 vs standard CO,

Outcomes Core temperature, postoperative pain, analgesic requirements, lens fogging, postoperative pain and
the need for anaesthesia. In addition , OR time, hospitalisation, complications

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Participants were assigned to 2 groups using a computer model post-anaes-

tion (selection bias) thesia but the groups were 84 in standard CO, and 66 in heated, humidified
CO,
Comment: with computer-generated randomisation, it would be unlikely for
the groups to be this uneven

Allocation concealment Unclear risk Allocation concealment was not clearly stated

(selection bias)

Blinding of participants Low risk Quote: "Only the surgical nurse knew the temperature of the CO, feed."

and personnel (perfor-

mance bias) Comment: adequate blinding

All outcomes

Blinding of outcome as- Low risk Quote: "Only the surgical nurse knew the temperature of the CO, feed."

sessment (detection bias)

All outcomes Comment: adequate blinding

Incomplete outcome data  Unclear risk Outcome data was unclear, number of participants included in analysis was

(attrition bias) not reported

All outcomes

Selective reporting (re- Low risk We judged this trial free of selective reporting.

porting bias)

Other bias Unclear risk Originally published in Russian, the study authors had a certified translator
translate it into English. However, the translation and the qualification certifi-
cate of the translator were provided voluntarily by a research scientist from a
surgical humidification device company

Backlund 1998
Methods RCT
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Backlund 1998 (continued)

Participants

n =26, prolonged (> 120 min) fundoplication, hernioplasty, resection of the sigmoid colon and rec-

topexy

Interventions

Warmed, humidified CO, vs standard CO,

Outcomes Core temperature, cardiac index, urine output, recovery room opioid usage and pain score
Notes
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk No description
tion (selection bias)
Allocation concealment Unclear risk No description
(selection bias)
Blinding of participants Unclear risk No description
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Only stated that the pain score was recorded by a trained nurse unaware of the
sessment (detection bias) temperature of the pneumoperitoneum
All outcomes
Incomplete outcome data  Low risk All participants completed the study and there were no treatment with-
(attrition bias) drawals, no trial group changes and no major adverse events.
All outcomes
Selective reporting (re- Low risk We judged this trial free of selective reporting.
porting bias)
Other bias Low risk Industry provided heating device
Champion 2006
Methods RCT

Participants

n =50, consecutive, morbidly obese, laparoscopic antecolic proximal Roux-en-Y gastric bypass surgery

Interventions

Heated and humidified CO, vs cold and dry CO,

Outcomes Intraoperative core temperature, room temperature, litres of CO, insufflation, operating time, number
of lens cleanings, recovery room temperature, narcotics usage, length of hospitalisation, high-sensitivi-
ty CRP at 24 h, abdominal and shoulder pain scores

Notes

Risk of bias

Bias Authors' judgement  Support for judgement
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Champion 2006 (Continued)

Random sequence genera-  Low risk Ablind draw by an impartial third party

tion (selection bias)

Allocation concealment Low risk A draw was held to determine which type of insufflation was to be used on the

(selection bias) first case, after which the insufflation method was alternated for the next 49
cases consecutively, with no interruption or exclusions.

Blinding of participants Low risk Single-blind study where participants were blinded as they were anaes-

and personnel (perfor- thetized but personnel were not blinded

mance bias)

All outcomes

Blinding of outcome as- Low risk Quote: "The nursing personnel, who were unaware of the study, recorded the

sessment (detection bias) subjective pain score."

All outcomes
Comment: adequate blinding of outcome assessment

Incomplete outcome data  Low risk All participants completed the study and there were no treatment with-

(attrition bias) drawals, no trial group changes and no major adverse events.

All outcomes

Selective reporting (re- Low risk We judged this trial free of selective reporting.

porting bias)

Other bias Low risk We did not detect any other potential bias.

Davis 2006
Methods Blinded RCT

Participants

n =44, laparoscopic gastric bypass

Interventions

Cold CO, vs cold humidified CO, vs heated CO, vs heated humidified CO,

Outcomes Core temperature, humidity, intraoperative urine output, lens fogging, recovery room time, length of
hospital stay, postoperative pain, total morphine sulphate equivalent
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Block fashion randomisation
tion (selection bias)
Allocation concealment Low risk Results in sealed envelopes
(selection bias)
Blinding of participants Low risk Single-blind study where participants were blinded as they were anaes-
and personnel (perfor- thetised but study personnel were not blinded
mance bias)
All outcomes
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Davis 2006 (Continued)

Blinding of outcome as- Low risk Intraoperative outcomes were not blinded but they are objective measure-
sessment (detection bias) ments. Participants recorded postoperative pain and they remained blinded
All outcomes to their intervention.
Incomplete outcome data  Low risk All participants completed the study and there were no treatment with-
(attrition bias) drawals, no trial group changes and no major adverse events.
All outcomes
Selective reporting (re- Low risk We judged this trial free of selective reporting.
porting bias)
Other bias Low risk Industry funded research grant.
Demco 2001
Methods Double-blinded RCT

Participants

n =40 women, diagnostic laparoscopy

Interventions

Heated, humidified vs cold CO,

Outcomes Shoulder pain, fentanyl use, percent requiring general anaesthetic, percent requiring intravenous seda-
tion, amount of gas instilled before experiencing pain, operating time, recovery room time, time to re-
covery of shoulder pain

Notes This study presented outcomes as percentages of participants in each group (e.g. for operative time,
percentage of participants in groups 0-10 min, 10-20 min, 20-30 min, and 30-40 min)

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Unclear

tion (selection bias)

Allocation concealment Low risk Sealed envelope: "The circulating nurse opened a sealed envelope directing

(selection bias) her to have the unit turned on or off during the procedure."

Blinding of participants Low risk Only the circulating nurse was not blinded: "To blind the surgeon further, the

and personnel (perfor- light on the unit could not be seen, and the plastic tubing was taped so the sur-

mance bias) geon could not see condensation there."

All outcomes

Blinding of outcome as- Low risk Only the circulating nurse was not blinded: "To blind the surgeon further, the

sessment (detection bias) light on the unit could not be seen, and the plastic tubing was taped so the sur-

All outcomes geon could not see condensation there."

Incomplete outcome data  Low risk All participants completed the study and there were no treatment with-

(attrition bias) drawals, no trial group changes and no major adverse events.

All outcomes

Selective reporting (re- Unclear risk This study did not report any temperatures.

porting bias)

Other bias Unclear risk This study did not report any baseline demographics.
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Farley 2004

Methods

Double-blinded RCT

Participants

n =117, laparoscopic cholecystectomy (16 excluded)

Interventions

Heated, humidified CO, vs cold CO,

Outcomes Core temperature, lens fogging, postoperative pain, total morphine equivalents, hospital stay, return to
baseline activity level
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer model randomisation
tion (selection bias)
Allocation concealment Low risk Randomisation was done by surgical scrub nurse at the time of anaesthetic in-
(selection bias) duction
Blinding of participants Low risk Participants, surgeons, operative and floor nurses, study co-ordinators were
and personnel (perfor- blinded
mance bias)
All outcomes
Blinding of outcome as- Low risk Outcome assessors were blinded when measuring intraoperative outcomes.
sessment (detection bias) Participants remained blinded when completing their pain scores.
All outcomes
Incomplete outcome data  Low risk 16 participants excluded from analysis due to 11 conversions to open, 3 requir-
(attrition bias) ing additional operations and 2 had the insufflation removed for technical rea-
All outcomes sons
Comment: all excluded participants properly reported and not included in the
analysis
Selective reporting (re- Low risk We judged this trial free of selective reporting.
porting bias)
Other bias Low risk Industry provided heating device.
Hamza 2005
Methods Double-blinded RCT

Participants

n =50, laparoscopic gastric bypass (6 excluded)

Interventions

Heated and humidified CO, vs cold CO,

Outcomes Core temperature, postoperatively tympanic temperature, pain score, shivering, morphine, nausea
score, Aldrete recovery assessment score, hospital stay, lens fogging
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Hamza 2005 (Continued)

Notes Warm blankets were used to cover the upper chest and arms in all control group participants for ethical
considerations

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated randomisation

tion (selection bias)

Allocation concealment Low risk An OR nurse was responsible for connecting the device
(selection bias)

Blinding of participants Low risk Participants, surgeons, anaesthesiologist, data-collecting personnel, recovery
and personnel (perfor- nurses were blinded

mance bias)

All outcomes

Blinding of outcome as- Low risk Personnel collecting data were blinded and participants remained blinded
sessment (detection bias) when completing their verbal rating scales

All outcomes

Incomplete outcome data  Low risk 6 participants excluded from analysis (4 converted to open, 2 required rescu-
(attrition bias) ing with active warming for temperature <34 °C)

All outcomes
Comment: all excluded participants properly reported and not included in

analysis
Selective reporting (re- Low risk We judged this trial free of selective reporting.
porting bias)
Other bias Low risk Industry funded research grant.
Kissler 2004
Methods Double-blinded RCT
Participants n =90 women, gynaecologic laparoscopic surgery (53 with data)
Interventions Humidified heated CO, vs heated dry CO5 vs cold dry CO,
Outcomes Analgesic requirements and postoperative pain
Notes The trial was stopped following enrolment of 53 participants because of a tendency toward less pain

and higher postoperative satisfaction in control group

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated randomisation

tion (selection bias)

Allocation concealment Unclear risk No description
(selection bias)
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Blinding of participants Unclear risk Participants, data analyst and interviewer were blinded to randomisation.
and personnel (perfor- However, no description of blinding of other participants (surgeon and nurses)
mance bias)
All outcomes
Blinding of outcome as- Unclear risk No description of blinding of outcomes assessors
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk Trial was stopped early for there was a tendency toward less pain and higher
(attrition bias) postoperative satisfaction in participants in the control group
All outcomes
Selective reporting (re- Unclear risk Out of 90 participants, data only available on 53 participants
porting bias)
Other bias Low risk Industry provided heating device.
Klugsberger 2014
Methods Double-blinded RCT

Participants

n =148, laparoscopic cholecystectomy

Interventions

Warmed, humidified CO, vs standard CO,

Outcomes Core temperature, postoperative pain, time of first bowel movement after surgery
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Randomisation was unclear and treatment groups were uneven (67 received
tion (selection bias) heated, humidified CO, and 81 received standard CO,)
Comment: randomisation likely not properly done
Allocation concealment Low risk Quote: "The secretary was privy to which method of gas was being used. The
(selection bias) secretary opened a sealed opaque envelope to randomly allocate the proce-
dure."
Blinding of participants Low risk The participants, surgeons, nurses, and study co-ordinator were blinded
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk The nurses recording intraoperative outcomes were blinded. Participants re-
sessment (detection bias) mained blinded when recording their visual analogue pain scales.
All outcomes
Incomplete outcome data  Low risk All participants completed the study and there were no treatment with-

(attrition bias)
All outcomes

drawals, no trial group changes and no major adverse events.
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Klugsberger 2014 (continued)

Selective reporting (re- Low risk We judged this trial free of selective reporting.

porting bias)

Other bias Low risk We did not detect any other potential bias.
Lee 2011

Methods RCT

Participants

n = 30, gastrectomy, colectomy or low-anterior resection

Interventions

Heated CO, vs room temperature CO,

Outcomes Acid-base parameters, ETCO,, and core temperature
Notes An upper body blanket was applied to all participants and if their temperature fell below 35 °C, a Bair
Hugger forced air warmer and a warming mattress with circulating water at 38 °C were applied
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk No description in the article. Contacted study authors and they indicated that
tion (selection bias) arandom number table was used
Allocation concealment Low risk Sealed envelopes were used
(selection bias)
Blinding of participants Low risk No description but contacted study authors and they indicated that this was a
and personnel (perfor- blinded study
mance bias)
All outcomes
Blinding of outcome as- Low risk No description but contacted study authors and they indicated that this was a
sessment (detection bias) blinded study
All outcomes
Incomplete outcome data  Low risk All participants completed the study and there were no treatment with-
(attrition bias) drawals, no trial group changes and no major adverse events.
All outcomes
Selective reporting (re- Low risk We judged this trial free of selective reporting.
porting bias)
Other bias Low risk We did not detect any other potential bias.
Manwaring 2008
Methods RCT

Participants

n =60 women, gynaecologic laparoscopic surgery
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Manwaring 2008 (Continued)

Interventions

Heated humidified CO, vs cold dry CO,

Outcomes Core temperature, analgesic usage, postoperative pain, postoperative nausea and recovery room time
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Random number generator
tion (selection bias)
Allocation concealment Low risk Sealed in sequential opaque envelopes
(selection bias)
Blinding of participants Low risk All nursing staff were blinded and patient was blinded as they were anaes-
and personnel (perfor- thetised
mance bias)
All outcomes
Blinding of outcome as- Low risk Nurses recording outcome data were blinded. Participants remained blinded
sessment (detection bias) when nurses administered visual analogue scales.
All outcomes
Incomplete outcome data  Low risk All participants completed the study and there were no treatment with-
(attrition bias) drawals, no trial group changes and no major adverse events.
All outcomes
Selective reporting (re- Low risk We judged this trial free of selective reporting.
porting bias)
Other bias Low risk Industry provided heating device.
Mouton 1999
Methods RCT

Participants

n =40, laparoscopic cholecystectomy (8 excluded)

Interventions

Heated, humidified CO, vs cold CO,

Outcomes Core temperature change, postoperative pain score, morphine usage
Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk No description
tion (selection bias)
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Mouton 1999 (Continued)

Allocation concealment Unclear risk No description

(selection bias)

Blinding of participants Unclear risk No description

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk No description

Incomplete outcome data

(attrition bias)
All outcomes

Low risk 8 participants excluded due to conversion to open, pancreatitis or postopera-
tive haematoma

Comment: all excluded participants properly reported and not included in the

analysis
Selective reporting (re- Low risk Data were available on 32 out of 40 participants and the reason was given by
porting bias) the study author.
Other bias Low risk Industry offered assistance for research.

Nelskyla 1999

Methods

Double-blinded RCT

Participants

n =40 women, laparoscopic hysterectomy (3 excluded)

Interventions

Heated CO, vs cold CO,

Outcomes Tympanic temperature, heart rate variability

Notes Data on 37 women were analysed

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk No description

tion (selection bias)

Allocation concealment Unclear risk No description

(selection bias)

Blinding of participants Unclear risk No description on which personnel were blinded during operation
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Participants and staff in the postoperation care unit and ward were blinded.

sessment (detection bias)

All outcomes

Intraoperative outcomes are objective so non-blinding likely has less effect

Incomplete outcome data

(attrition bias)

Unclear risk 3 excluded participants, 2 "did not fulfil the study protocol" and 1 "because of
surgical problems."
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Nelskyla 1999 (continued)
All outcomes

Comment: unclear reasons for exclusion

Selective reporting (re- Low risk We judged this trial free of selective reporting.
porting bias)
Other bias Low risk Industry provided heating device.
Nguyen 2002
Methods RCT

Participants

n =20, laparoscopic Nissen fundoplication

Interventions

Heated and humidified CO, vs cold CO,

Outcomes Core temperature, pain score, morphine consumption, urine output, lens fogging
Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Sealed envelopes

tion (selection bias)

Allocation concealment Low risk Intraoperative randomisation

(selection bias)

Blinding of participants Low risk Single-blinded study where the participants were blinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Intraoperative outcomes were not blinded but they are objective measure-

sessment (detection bias)
All outcomes

ments. Participants recorded postoperative pain and they remained blinded
to their intervention

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All participants completed the study and there were no treatment with-
drawals, no trial group changes and no major adverse events.

Selective reporting (re- Low risk We judged this trial free of selective reporting.

porting bias)

Other bias Low risk We did not detect any other potential bias.
Ott 1998

Methods Multi-centre RCT

Participants

n =72 women, laparoscopic gynaecologic surgery (50 with data)
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Ott 1998 (Continued)

Interventions

Heated and humidified CO, vs cold CO,

Outcomes Postoperative pain and recovery room length of stay
Notes

Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk No description

tion (selection bias)

Allocation concealment Unclear risk No description

(selection bias)

Blinding of participants Unclear risk No description

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk No description

sessment (detection bias)

All outcomes

Incomplete outcome data  High risk Data were only available on 50 out of 72 participants and no reason was given.

(attrition bias)

Some data was extracted from a different systematic review (Sammour 2008)

All outcomes as the original trial did not present all data.

Selective reporting (re- Unclear risk Data were only available on 50 out of 72 participants and no reason was given.
porting bias)

Other bias Unclear risk This study did not separate baseline demographics between groups. Industry

provided heating device.

Puttick 1999

Methods

RCT

Participants

n =30, laparoscopic cholecystectomy

Interventions

Warmed CO, vs cold CO,

Outcomes Core temperature, intraperitoneal cytokines, pain score
Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No description
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Puttick 1999 (continued)

Allocation concealment Unclear risk No description
(selection bias)

Blinding of participants Unclear risk No description
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk No description
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk All participants completed the study and there were no treatment with-
(attrition bias) drawals, no trial group changes and no major adverse events.
All outcomes

Selective reporting (re- Low risk We judged this trial free of selective reporting.
porting bias)

Other bias Low risk We did not detect any other potential bias.
Saad 2000
Methods RCT
Participants n =20, laparoscopic cholecystectomy
Interventions Heated CO, vs cold CO,
Outcomes Core temperature, intra-abdominal temperature, postoperative pain, analgesics consumption
Notes
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk No description

tion (selection bias)

Allocation concealment Unclear risk No description
(selection bias)

Blinding of participants Low risk Participants and ward nurses were blinded.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Participants remained blinded when assessing postoperative pain. Unclear if
sessment (detection bias) operating room nurses were blinded during measurement of outcomes
All outcomes

Incomplete outcome data  Low risk All participants completed the study and there were no treatment with-
(attrition bias) drawals, no trial group changes and no major adverse events.
All outcomes
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Saad 2000 (Continued)

Selective reporting (re- Low risk We judged this trial free of selective reporting.
porting bias)
Other bias Low risk Industry provided heating device.
Sammour 2010
Methods Multi-centre RCT

Participants

n = 82, laparoscopic colonic surgery (8 excluded)

Interventions

Heated humidified CO, vs cold CO,

Outcomes Postoperative pain, intraoperative core temperature, camera fogging, morphine-equivalent usage,
postoperative parameters
Notes
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Computer generated
tion (selection bias)
Allocation concealment Low risk Allocations were concealed in opaque numbered envelopes
(selection bias)
Blinding of participants Low risk Participants, investigators, surgeon and medical care staff were all blinded.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Participants, investigators, surgeon and medical care staff were all blinded.
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Eight excluded after randomisation with clearly stated rationale
(attrition bias)
All outcomes Comment: all excluded participants properly reported and not included in the
analysis
Selective reporting (re- Low risk We judged this trial free of selective reporting.
porting bias)
Other bias Low risk We did not detect any other potential bias.
Savel 2005
Methods Blinded RCT

Participants

n = 30, laparoscopic gastric bypass
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Savel 2005 (continued)

Interventions Heated humidified CO, vs cold CO,

Outcomes Postoperative pain score, morphine consumption, OR time, core temperature, hospital stay
Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk No description

tion (selection bias)

Allocation concealment Unclear risk Participants randomised at the time of enrolment
(selection bias)

Blinding of participants Low risk All clinicians except 1 author were blinded.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk All clinicians except 1 author were blinded.
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk All participants completed the study and there were no treatment with-
(attrition bias) drawals, no trial group changes and no major adverse events.

All outcomes

Selective reporting (re- Low risk We judged this trial free of selective reporting.

porting bias)

Other bias Low risk We did not detect any other potential bias.
Slim 1999
Methods Double-blinded RCT
Participants n =108, laparoscopic cholecystectomy, fundoplication or Heller's myotomy (8 excluded)
Interventions Heated CO, vs unheated CO,
Outcomes Postoperative pain, core temperature, morphine consumption, nausea and vomiting, hospital stay,

length of postoperative lleus

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Random number table in sealed envelopes

tion (selection bias)

Heated insufflation with or without humidification for laparoscopic abdominal surgery (Review) 55
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Slim 1999 (Continued)

Allocation concealment Low risk Sealed envelopes opened in the operating room

(selection bias)

Blinding of participants Low risk Participants and nurses were blinded

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Nurses were blinded when collecting outcome data. Participants remained

sessment (detection bias) blinded when assessing postoperative pain.

All outcomes

Incomplete outcome data  Low risk 8 participants excluded (4 conversion to open, 2 postoperative biliary collec-

(attrition bias) tions, 1 technical problems with insufflator, 1 refused)

All outcomes
Comment: all excluded participants properly reported and not included in the
analysis

Selective reporting (re- Low risk We judged this trial free of selective reporting.

porting bias)

Other bias Low risk We did not detect any other potential bias.

Wills 2001
Methods Blinded RCT

Participants

n =41, laparoscopic fundoplication (1 excluded)

Interventions

Heated CO, vs cold CO,

Outcomes Core temperature, postoperative pain, analgesic requirement, postoperative recovery
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Random number table
tion (selection bias)
Allocation concealment Low risk Sequentially numbered opaque, sealed envelopes
(selection bias)
Blinding of participants Low risk Surgeons, anaesthetist, data analyst, participants and ward nurses were blind-
and personnel (perfor- ed.
mance bias)
All outcomes
Blinding of outcome as- Low risk Surgeons, anaesthetist, data analyst, participants and ward nurses were blind-
sessment (detection bias) ed.
All outcomes
Incomplete outcome data  Low risk One participant excluded for missing postoperative pain scores and one un-
(attrition bias) derwent repeat laparotomy.
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Wills 2001 (continued)

All outcomes Comment: all excluded participants properly reported and not included in the
analysis
Selective reporting (re- Low risk We judged this trial free of selective reporting.

porting bias)

Other bias Low risk Industry provided heating device.
Yu 2013
Methods Double-blinded RCT
Participants n =195 adolescents, laparoscopic appendectomy (5 excluded)
Interventions Warm, humidified CO, vs standard CO,
Outcomes Opioid usage, pain score, core temperature, postoperative recovery and return to normal activities
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Online random number programme

tion (selection bias)

Allocation concealment Low risk Sealed, opaque, numbered envelopes were used
(selection bias)

Blinding of participants Low risk Only one rotating scrub nurse assisted with randomisation. All other partici-
and personnel (perfor- pants were blinded
mance bias)

All outcomes

Blinding of outcome as- Low risk Only one rotating scrub nurse assisted with randomisation. All other partici-
sessment (detection bias) pants were blinded
All outcomes

Incomplete outcome data  Low risk 5 participants excluded after randomisation for major protocol violation

(attrition bias)

All outcomes Comment: all excluded participants properly reported and not included in the
analysis

Selective reporting (re- Low risk We judged this trial free of selective reporting.

porting bias)

Other bias Low risk We did not detect any other potential bias.

CO2: carbon dioxide
ETCO2: end tidal carbon dioxide
VAS: visual analogue scale

Characteristics of excluded studies [ordered by study ID]
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Study

Reason for exclusion

Barragan 2005

Not a RCT

Benavides 2009

Intervention was heated dry CO, vs heated humidified CO,

Beste 2006

Intervention was heated dry CO, vs heated humidified CO,

Herrmann 2015

Not primarily a laparoscopic abdominal surgery (laparoscopic-assisted vaginal hysterectomy)

Monagle 1993

Not a RCT

Mouton 2001

Not a laparoscopic abdominal procedure (thoracoscopic)

Ott 1991

Not a RCT

Pu2014

Different intervention: underbody warming system

Siebzehnrubl 2001

This study was only presented as a poster and no published paper was found

Tohme 2010

Published as an abstract only, study authors contacted for data. No response

Trevelyan 2011

Published as an abstract only, authors contacted for data. No response

Yeh 2007

Not a RCT

Characteristics of studies awaiting assessment [ordered by study ID]

Sutton 2016

Methods

RCT

Participants

n =101, minimally-invasive colon resection

Interventions

Warmed, humidified CO, vs standard CO,

Outcomes Core temperature, postoperative pain, analgesic requirements, length of stay, time to first flatus,
and tolerance of solids
Notes Recently published abstract awaiting classification

DATA AND ANALYSES

Comparison 1. Core temperature (°C)

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Change in core temperature 19 1100 Mean Difference (IV, Random, 0.21[0.06, 0.36]
95% Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.1 Heated, humidified vs cold 14 885 Mean Difference (IV, Random, 0.31[0.09, 0.53]
95% Cl)

1.2 Heated only vs cold 7 215 Mean Difference (IV, Random, 0.02[-0.16, 0.20]
95% Cl)

2 Change in core temperature for 10 653 Mean Difference (IV, Random, 0.16 [-0.01, 0.33]

low risk of bias studies 95% Cl)

2.1 Heated, humidified vs cold 8 561 Mean Difference (IV, Random, 0.18[-0.04, 0.39]
95% Cl)

2.2 Heated vs cold 3 92 Mean Difference (IV, Random, 0.12[-0.15,0.39]
95% Cl)

3 Change in core temperature for 4 194 Mean Difference (IV, Random, 0.70[0.10, 1.30]

operations > 120 Minutes 95% Cl)

4 Change in core temperature with 8 545 Mean Difference (IV, Random, 0.29[0.05, 0.52]

external warming 95% Cl)

5 Change in temperature without 6 340 Mean Difference (IV, Random, 0.32[-0.11,0.75]

external warming

95% Cl)

Analysis 1.1. Comparison 1 Core temperature (°C), Outcome 1 Change in core temperature.

Study or subgroup Heated Unheated Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
1.1.1 Heated, humidified vs cold
Agaev 2013 66 0.5 (0.6) 84 -0.1(0.7) —— 5.56% 0.55[0.35,0.75]
Backlund 1998 13 0.2 (0.6) 13 -0.1(0.7) —_— 3.76% 0.3[-0.18,0.78]
Champion 2006 25 -0.4 (0.6) 25 0.4 (0.7) —t 4.63% 0[-0.35,0.35]
Davis 2006 11 0.4 (0.6) 11 0.4 (0.7) —_—t 3.51% 0[-0.53,0.53]
Farley 2004 49 0.3(0.6) 52 -0(0.3) —+ 5.64% 0.32[0.13,0.51]
Hamza 2005 23 -0.7(0.6) 21 1.7(0.7) — 4.47% 1[0.63,1.37]
Kissler 2004 17 -0.5(0.6) 19 0.4 (0.7) — 4.22% -0.1[-0.51,0.31]
Manwaring 2008 30 -0.2 (0.5) 30 -0.1(0.6) —— 5.05% -0.07[-0.36,0.22]
Mouton 1999 16 -0.2(0.6) 16 -0.3(0.7) — 4.06% 0.05[-0.39,0.49]
Nguyen 2002 10 0.4 (0.6) 10 0.3(0.7) —_— 3.37% 0.1[-0.45,0.65]
Ott 1998 25 -0.3(0.6) 25 1.6(0.7) — 4.63% 1.34[0.99,1.69]
Sammour 2010 35 0.6 (0.5) 39 0.5(0.7) —— 5.21% 0.16[-0.1,0.42]
Savel 2005 15 0.4 (0.6) 15 -0.3(0.7) —_— 3.97% 0.7[0.25,1.15]
Yu 2013 95 0.3(0.3) 95 0.4 (0.3) “+ 6.03% -0.04[-0.14,0.06]
Subtotal *** 430 455 L 2 64.11% 0.31[0.09,0.53]
Heterogeneity: Tau?=0.14; Chi?=107.61, df=13(P<0.0001); 1>=87.92%
Test for overall effect: Z=2.8(P=0.01)
1.1.2 Heated only vs cold
Davis 2006 11 0.2(0.3) 11 0.4 (0.5 —t 4.56% -0.2[-0.56,0.16]
Kissler 2004 17 -0.6(0.3) 19 -0.4(0.5) —— 5.1% -0.2[-0.48,0.08]
Favours unheated 0 1 2 Favours heated
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Study or subgroup Heated Unheated Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Lee 2011 15 -0.4 (0.3 15 -0.7(0.5) — 4.9% 0.3[-0.01,0.61]
Nelskyla 1999 18 -0.3(0.2 19 -0.1(0.2) -+ 5.91% -0.2[-0.33,-0.07]
Puttick 1999 15 -0.2 15 -0.4(0.2) —+ 5.79% 0.18[0.02,0.34]
Saad 2000 10 0 10 -0.1(0.5) -t 4.44% 0.1[-0.28,0.48]
Wills 2001 19 0.2 21 0(0.5) T 5.19% 0.2[-0.06,0.46]
Subtotal *** 105 110 <& 35.89% 0.02[-0.16,0.2]
Heterogeneity: Tau?=0.04; Chi*=23.37, df=6(P=0); 1>=74.32%
Test for overall effect: Z=0.25(P=0.81)
Total *** 535 565 L 2 100% 0.21[0.06,0.36]
Heterogeneity: Tau?=0.1; Chi*=144.41, df=20(P<0.0001); 1>=86.15%
Test for overall effect: Z=2.7(P=0.01)
Test for subgroup differences: Chi*=4.03, df=1 (P=0.04), 1’=75.17%

Analysis 1.2. Comparison 1 Core temperature (°C), Outcome
2 Change in core temperature for low risk of bias studies.

Favours unheated

-2

Favours heated

Study or subgroup Heated Unheated Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
1.2.1 Heated, humidified vs cold
Champion 2006 25 -0.4 25 -0.4 (0.7) —t 8.51% 0[-0.35,0.35]
Davis 2006 11 0.4 11 0.4 (0.7) —t 5.78% 0[-0.53,0.53]
Farley 2004 49 0.3 52 -0(0.3) — 11.6% 0.32[0.13,0.51]
Hamza 2005 23 -0.7 21 -1.7(0.7) — 8.08% 1[0.63,1.37]
Manwaring 2008 30 -0.2 30 -0.1(0.6) —— 9.69% -0.07[-0.36,0.22]
Nguyen 2002 10 0.4 10 0.3(0.7) — Tt 5.46% 0.1[-0.45,0.65]
Sammour 2010 35 0.6 39 0.5(0.7) T+ 10.19% 0.16[-0.1,0.42]
Yu 2013 95 0.3 95 0.4 (0.3) “+ 12.98% -0.04[-0.14,0.06]
Subtotal *** 278 283 <& 72.3% 0.18[-0.04,0.39]
Heterogeneity: Tau?=0.07; Chi?>=37.21, df=7(P<0.0001); 1>=81.19%
Test for overall effect: Z=1.63(P=0.1)
1.2.2 Heated vs cold
Davis 2006 11 0.2(0.3) 11 0.4 (0.5) —T 8.31% -0.2[-0.56,0.16]
Lee 2011 15 -0.4(0.3) 15 -0.7 (0.5) —— 9.27% 0.3[-0.01,0.61]
Wills 2001 19 0.2(0.3) 21 0(0.5) T 10.12% 0.2[-0.06,0.46]
Subtotal *** 45 a7 L 4 27.7% 0.12[-0.15,0.39]
Heterogeneity: Tau?=0.03; Chi*=4.64, df=2(P=0.1); 1>=56.87%
Test for overall effect: Z=0.85(P=0.4)
Total *** 323 330 L 4 100% 0.16[-0.01,0.33]
Heterogeneity: Tau?=0.05; Chi?=42.26, df=10(P<0.0001); 1>=76.33%
Test for overall effect: Z=1.87(P=0.06)
Test for subgroup differences: Chi*=0.12, df=1 (P=0.73), 1>=0%

Favours unheated

-2

Favours heated
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Analysis 1.3. Comparison 1 Core temperature (°C), Outcome
3 Change in core temperature for operations > 120 Minutes.

Study or subgroup Heated Unheated Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Backlund 1998 13 0.2 (0.6) 13 -0.1(0.7) jr . 23.42% 0.3[-0.18,0.78]
Hamza 2005 23 -0.7 (0.6) 21 -1.7(0.7) *+ 24.98% 1[0.63,1.37]
Ott 1998 25 -0.3(0.6) 25 -1.6 (0.7) * 25.29% 1.34[0.99,1.69]
Sammour 2010 35 0.6 (0.5) 39 0.5(0.7) d 26.31% 0.16[-0.1,0.42]
Total *** 926 98 < 100% 0.7[0.1,1.3]
Heterogeneity: Tau?=0.33; Chi*>=33.82, df=3(P<0.0001); 1>=91.13%
Test for overall effect: Z=2.3(P=0.02) ‘ ‘ ‘ ‘

Favours unheated 525 0 25 5 Favours heated

Analysis 1.4. Comparison 1 Core temperature (°C), Outcome 4 Change in core temperature with external warming.

Study or subgroup Heated Unheated Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Backlund 1998 13 0.2 (0.6) 13 -0.1(0.7) B 9.88% 0.3[-0.18,0.78]
Farley 2004 49 0.3(0.6) 52 -0(0.3) —+ 15.22% 0.32[0.13,0.51]
Hamza 2005 23 -0.7(0.6) 21 -1.7(0.7) — 11.86% 1[0.63,1.37]
Manwaring 2008 30 -0.2(0.5) 30 -0.1(0.6) —— 13.49% -0.07[-0.36,0.22]
Nguyen 2002 10 0.4 (0.6) 10 0.3(0.7) —— 8.79% 0.1[-0.45,0.65]
Sammour 2010 35 0.6 (0.5) 39 0.5(0.7) ™ 13.96% 0.16[-0.1,0.42]
Savel 2005 15 0.4 (0.6) 15 -0.3(0.7) — 10.45% 0.7[0.25,1.15]
Yu 2013 95 0.3(0.3) 95 0.4(0.3) * 16.34% -0.04[-0.14,0.06]
Total *** 270 275 L 2 100% 0.29[0.05,0.52]
Heterogeneity: Tau?=0.09; Chi*=44.63, df=7(P<0.0001); 1>=84.32%
Test for overall effect: Z=2.35(P=0.02)

o
-
N

Favours unheated 2 Favours heated

Analysis 1.5. Comparison 1 Core temperature (°C), Outcome 5 Change in temperature without external warming.

Study or subgroup Heated Unheated Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Agaev 2013 66 0.5(0.6) 84 -0.1(0.7) —— 18.44% 0.55[0.35,0.75]
Champion 2006 25 -0.4 (0.6) 25 -0.4(0.7) —— 17.08% 0[-0.35,0.35]
Davis 2006 11 0.4 (0.6) 11 0.4 (0.7) —— 14.96% 0[-0.53,0.53]
Kissler 2004 17 -0.5(0.6) 19 -0.4(0.7) — 16.37% -0.1[-0.51,0.31]
Mouton 1999 16 -0.2 (0.6) 16 -0.3(0.7) — 16.07% 0.05[-0.39,0.49]
Ott 1998 25 -0.3(0.6) 25 -1.6(0.7) —— 17.08% 1.34[0.99,1.69]
Total *** 160 180 - 100% 0.32[-0.11,0.75]
Heterogeneity: Tau?=0.25; Chi*>=45.01, df=5(P<0.0001); 1>=88.89%
Test for overall effect: Z=1.46(P=0.14)

Favours unheated 2 -1 0 1 2 Favours heated
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Comparison 2. Pain score (0 to 10-point VAS scale)

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

1 Day 1 pain score 14 991 Mean Difference (IV, Random, 95%  -0.04[-0.42, 0.34]
Cl)

1.1 Heated, humidified vs cold 10 670 Mean Difference (IV, Random, 95%  -0.14 [-0.60, 0.33]

(abdominal) cl)

1.2 Heated, humidified vs cold 3 171 Mean Difference (IV, Random,95%  -0.35[-1.75, 1.05]

(shoulder) Cl)

1.3 Heated vs cold 3 150 Mean Difference (IV, Random,95%  0.50 [-0.11, 1.12]
Cl)

2 Day 1 pain score for low risk 7 570 Mean Difference (IV, Random,95%  0.17 [-0.21, 0.55]

of bias studies Cl)

2.1 Heated, humidifiedvscold 7 460 Mean Difference (IV, Random, 95%  0.17 [-0.29, 0.63]

(abdominal) Cl)

2.2 Heated, humidifiedvscold 2 110 Mean Difference (IV, Random, 95%  0.25[-0.81, 1.31]

(shoulder) cl)

3 Day 2 pain score 10 695 Mean Difference (IV, Random, 95%  -0.28 [-0.78, 0.21]
cl

3.1 Heated, humidifiedvscold 7 442 Mean Difference (IV, Random, 95%  -0.40[-1.07,0.28]

(abdominal) Cl)

3.2 Heated, humidified vs cold 2 111 Mean Difference (IV, Random, 95%  -0.88[-2.93,1.17]

(shoulder) Cl)

3.3 Heated vs cold 3 142 Mean Difference (IV, Random, 95%  0.41[-0.44, 1.27]
cl

4 Day 2 pain score of low risk 5 380 Mean Difference (IV, Random, 95%  -0.29 [-0.65, 0.07]

of bias studies

cl)

Analysis 2.1. Comparison 2 Pain score (0 to 10-point VAS scale), Outcome 1 Day 1 pain score.

Study or subgroup Heated Unheated Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% Cl
2.1.1 Heated, humidified vs cold (abdominal)
Champion 2006 25 5.1(2.1) 25 4.8(1.8) T 6.55% 0.3[-0.78,1.38]
Davis 2006 11 4.9(2.8) 11 5.5(2.4) —tT 2.49% -0.6[-2.78,1.58]
Hamza 2005 23 5(2.8) 21 5(2.4) —t 4.25% 0[-1.54,1.54]
Klugsberger 2014 81 1.9(0.9) 67 2(0.8) + 13.21% -0.05[-0.31,0.21]
Manwaring 2008 30 4.1(2.5) 30 3.5(2.4) T+ 5.62% 0.6[-0.64,1.84]
Mouton 1999 16 2.5(2.8) 16 5.2(2.4) e — 3.36% -2.7[-4.51,-0.89]
Nguyen 2002 10 4.5(2.8) 10 5.4 (1.6) S 2.87% -0.9[-2.9,1.1]

Favours heated 25 0 25 5 Favours unheated
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Study or subgroup Heated Unheated Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl

Sammour 2010 35 3.9(2) 39 2.9(2.2) — 7.57% 1.05[0.11,1.99]
Savel 2005 15 2.5(2.2) 15 3.8(1.7) —t— 4.8% -1.3[-2.71,0.11]
Yu 2013 95 2.6(2.1) 95 2.8(2) — 10.59% -0.2[-0.78,0.38]
Subtotal *** 341 329 L 2 61.31% -0.14[-0.6,0.33]
Heterogeneity: Tau?=0.23; Chi?*=19.21, df=9(P=0.02); 1*=53.16%
Test for overall effect: Z=0.57(P=0.57)
2.1.2 Heated, humidified vs cold (shoulder)
Champion 2006 25 0(2.6) 25 0.2 (0.6) — 6.81% -0.2[-1.25,0.85]
Manwaring 2008 30 3(2.6) 30 2.1(2.9) e — 4.86% 0.9[-0.49,2.29]
Ott 1998 31 1.9(2.8) 30 3.7(2.9) EEna— 4.69% -1.8[-3.23,-0.37]
Subtotal *** 86 85 - 16.35% -0.35[-1.75,1.05]
Heterogeneity: Tau?=1.09; Chi®>=7.1, df=2(P=0.03); 1’=71.84%
Test for overall effect: Z=0.49(P=0.62)
2.1.3 Heated vs cold
Puttick 1999 15 5.3(2) 15 4.6 (1.6) s — 5.33% 0.7[-0.6,2]
Saad 2000 10 1.1(0.9) 10 1.3(1.4) — 6.9% -0.2[-1.23,0.83]
Slim 1999 49 2.8(2) 51 2(1.1) — 10.1% 0.8[0.16,1.44]
Subtotal *** 74 76 <o 22.34% 0.5[-0.11,1.12]
Heterogeneity: Tau?=0.08; Chi*=2.68, df=2(P=0.26); 1>=25.24%
Test for overall effect: Z=1.6(P=0.11)
Total *** 501 490 L 2 100% -0.04[-0.42,0.34]
Heterogeneity: Tau?=0.26; Chi*=34.66, df=15(P=0); 1*=56.72%
Test for overall effect: Z=0.2(P=0.84)
Test for subgroup differences: Chi*=2.99, df=1 (P=0.22), 1’=33.22% ‘

Favours heated

Favours unheated

Analysis 2.2. Comparison 2 Pain score (0 to 10-point VAS
scale), Outcome 2 Day 1 pain score for low risk of bias studies.

Study or subgroup Heated Unheated Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
2.2.1 Heated, humidified vs cold (abdominal)
Champion 2006 25 5.1(2.1) 25 4.8(1.8) i e a— 11.38% 0.3[-0.78,1.38]
Davis 2006 11 4.9(2.8) 11 5.5(2.4) S e E— 2.98% -0.6[-2.78,1.58]
Hamza 2005 23 5(2.8) 21 5(2.4) I e— 5.88% 0[-1.54,1.54]
Manwaring 2008 30 4.1(2.5) 30 3.5(2.4) o 8.85% 0.6[-0.64,1.84]
Nguyen 2002 10 4.5(2.8) 10 5.4 (1.6) S e — 3.53% -0.9[-2.9,1.1]
Sammour 2010 35 3.9(2) 39 2.9(2.2) — 14.82% 1.05[0.11,1.99]
Yu 2013 95 2.6(2.1) 95 2.8(2) —.T— 33.31% -0.2[-0.78,0.38]
Subtotal *** 229 231 ‘ 80.75% 0.17[-0.29,0.63]
Heterogeneity: Tau?=0.06; Chi*=7.04, df=6(P=0.32); 1>=14.81%
Test for overall effect: Z=0.73(P=0.46)
2.2.2 Heated, humidified vs cold (shoulder)
Champion 2006 25 0(2.6) 25 0.2 (0.6) — 12.16% -0.2[-1.25,0.85]
Manwaring 2008 30 3(2.6) 30 2.1(2.9) —_T 7.09% 0.9[-0.49,2.29]

Favours heated -2 0

Favours unheated
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Study or subgroup Heated Unheated Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Subtotal *** 55 55 ‘ 19.25% 0.25[-0.81,1.31]

Heterogeneity: Tau?=0.21; Chi*=1.53, df=1(P=0.22); 1>=34.67%
Test for overall effect: Z=0.46(P=0.64)

Total *** 284 286 L 4 100% 0.17[-0.21,0.55]
Heterogeneity: Tau?=0.02; Chi*>=8.59, df=8(P=0.38); 1>=6.85%
Test for overall effect: Z=0.86(P=0.39)

Test for subgroup differences: Chi*=0.02, df=1 (P=0.89), 1>=0%

Favours heated -4 -2 0 2 4 Favours unheated

Analysis 2.3. Comparison 2 Pain score (0 to 10-point VAS scale), Outcome 3 Day 2 pain score.

Study or subgroup Heated Unheated Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
2.3.1 Heated, humidified vs cold (abdominal)
Champion 2006 25 4.6(2.2) 25 4(2.2) —_ 7.73% 0.6[-0.62,1.82]
Davis 2006 11 3.5(2.2) 11 4(2.2) —tT 4.82% -0.5[-2.34,1.34]
Hamza 2005 23 4(2.2) 21 4(2.2) —t+ 7.25% 0[-1.3,1.3]
Mouton 1999 16 0.8(2.2) 16 3.8(2.2) — 6.1% -3[-4.52,-1.48]
Sammour 2010 35 2.7(1.4) 39 3.1(2) — 10.7% -0.4[-1.19,0.39]
Savel 2005 15 2.3(3) 15 1.6 (1.6) i s — 5.26% 0.7[-1.02,2.42]
Yu 2013 95 1.8(1.6) 95 2.2(1.7) —+ 12.98% -0.4[-0.87,0.07]
Subtotal *** 220 222 L 2 54.84% -0.4[-1.07,0.28]

Heterogeneity: Tau?=0.45; Chi?=15.69, df=6(P=0.02); 1*=61.77%
Test for overall effect: Z=1.16(P=0.25)

2.3.2 Heated, humidified vs cold (shoulder)

Champion 2006 25 0.2(0.6) 25 0.1(0.5) + 13.93% 0.1[-0.21,0.41]
Ott 1998 31 0.9(2.2) 30 2.9(2.2) — 8.45% -2[-3.1,-0.9]
Subtotal *** 56 55 i 22.38% -0.88[-2.93,1.17]

Heterogeneity: Tau?=2.03; Chi?>=12.9, df=1(P=0); 1?=92.25%
Test for overall effect: Z=0.84(P=0.4)

2.3.3 Heated vs cold

Davis 2006 11 4.6(2.2) 11 4(2.2) i e — 4.82% 0.6[-1.24,2.44]
Saad 2000 10 0.3(1.1) 10 0.7(1.6) — 7.83% -0.4[-1.6,0.8]
Slim 1999 49 2(2.2) 51 1.1(2.2) —t 10.14% 0.9[0.04,1.76]
Subtotal *** 70 72 - 22.78% 0.41[-0.44,1.27]

Heterogeneity: Tau?=0.19; Chi?=2.98, df=2(P=0.23); 1>=32.91%
Test for overall effect: Z=0.95(P=0.34)

Total *** 346 349 L _J 100% -0.28[-0.78,0.21]
Heterogeneity: Tau?=0.43; Chi?=37.26, df=11(P=0); 1>=70.48%

Test for overall effect: Z=1.14(P=0.26)

Test for subgroup differences: Chi?=2.68, df=1 (P=0.26), 1>=25.41%

Favours heated 5 2.5 0 25 5 Favours unheated
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Analysis 2.4. Comparison 2 Pain score (0 to 10-point VAS
scale), Outcome 4 Day 2 pain score of low risk of bias studies.

Study or subgroup Heated Unheated Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Champion 2006 25 4.6(2.2) 25 4(2.2) — 8.71% 0.6[-0.62,1.82]
Davis 2006 11 3.5(2.2) 11 4(2.2) e 3.83% -0.5[-2.34,1.34]
Hamza 2005 23 4(2.2) 21 4(2.2) I S 7.65% 0[-1.3,1.3]
Sammour 2010 35 2.7(1.4) 39 3.1(2) —* 20.98% -0.4[-1.19,0.39]
Yu 2013 95 1.8(1.6) 95 2.2(1.7) R i 58.81% -0.4[-0.87,0.07]
Total *** 189 191 <& 100% -0.29[-0.65,0.07]
Heterogeneity: Tau?=0; Chi*=2.57, df=4(P=0.63); 1>=0%
Test for overall effect: Z=1.56(P=0.12) ‘ ‘ ‘ ‘

Favours heated -5 25 0 25 5 Favours unheated

Comparison 3. Morphine consumption (morphine equivalent daily doses)

Outcome or subgroup No. of studies No. of partici- Statistical method Effect size

title pants

1 Up to 6 hours 4 231 Mean Difference (IV, Random, 95% Cl) 0.45[-1.19, 2.08]

2 Day 1 morphine 9 573 Mean Difference (IV, Random, 95% Cl) -0.64 [-4.48, 3.20]

2.1 Heated, humidified 7 481 Mean Difference (IV, Random, 95% Cl) -1.66 [-4.79, 1.46]

vs cold

2.2 Heated vs cold 3 92 Mean Difference (IV, Random, 95% Cl) 11.93[0.92,22.94]

3 Day 2 morphine 7 532 Mean Difference (IV, Random, 95% Cl) -0.61[-2.79, 1.57]

3.1 Heated, humidified 6 410 Mean Difference (IV, Random, 95% Cl) -0.94 [-1.90, 0.01]

vs cold

3.2 Heated vs cold 2 122 Mean Difference (IV, Random, 95% Cl) 9.79[1.58, 18.00]

Analysis 3.1. Comparison 3 Morphine consumption (morphine equivalent daily doses), Outcome 1 Up to 6 hours.

Study or subgroup Heated Unheated Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Backlund 1998 13 11.4 (4.5) 13 11.7 (5.6) + 17.54% -0.3[-4.21,3.61]
Farley 2004 49 3.5(5.5) 52 2.7(4.3) . 71.58% 0.8[-1.13,2.73]
Sammour 2010 35 15.7 (13.6) 39 15.8 (20.9) —_— 4.22% -0.1[-8.06,7.86]
Savel 2005 15 19 (6) 15 20(11) —— 6.65% -1[-7.34,5.34]
Total *** 112 119 ¢ 100% 0.45[-1.19,2.08]
Heterogeneity: Tau?=0; Chi*=0.49, df=3(P=0.92); 1>=0%
Test for overall effect: Z=0.54(P=0.59)

Favours heated 20 -10 0 1020 Favours unheated
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Analysis 3.2. Comparison 3 Morphine consumption (morphine equivalent daily doses), Outcome 2 Day 1 morphine.

Study or subgroup Heated Unheated Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
3.2.1 Heated, humidified vs cold
Davis 2006 11 33(28.6) 11 31(49.4) 1.28% 2[-31.73,35.73]
Farley 2004 49 23.2(27.1) 52 29.2(35.4) — T 8.98% -6[-18.25,6.25]
Hamza 2005 23 32(20) 21 37(18) T 10.52% -5[-16.23,6.23]
Nguyen 2002 10 32(19) 10 27 (26) R 3.58% 5[-14.96,24.96]
Sammour 2010 35 33.2(28.6) 39 46.2 (49.4) — 4.29% -13[-31.17,5.17]
Savel 2005 15 36 (17) 15 41 (27) R S B 5.37% -5[-21.15,11.15]
Yu 2013 95 6.6 (14) 95 7.2(11.1) ‘-' 54.4% -0.6[-4.19,2.99]
Subtotal *** 238 243 ‘ 88.41% -1.66[-4.79,1.46]
Heterogeneity: Tau?=0; Chi*=3.29, df=6(P=0.77); 1>=0%
Test for overall effect: Z=1.04(P=0.3)
3.2.2 Heated vs cold
Davis 2006 11 27 (24.7) 11 31(49.4) t 1.37% -4[-36.64,28.64]
Puttick 1999 15 52.3(24.7) 15 36.8(29.2) 3.8% 15.5[-3.85,34.85]
Wills 2001 19 46 (23.8) 21 32.9(23.5) T+ 6.42% 13.1[-1.58,27.78]
Subtotal *** 45 47 —~l— 11.59% 11.93[0.92,22.94]
Heterogeneity: Tau?=0; Chi*=1.07, df=2(P=0.59); 1>=0%
Test for overall effect: Z=2.12(P=0.03)
Total *** 283 290 . 4 100% -0.64[-4.48,3.2]
Heterogeneity: Tau?=3.7; Chi*=9.78, df=9(P=0.37); I>=7.97%
Test for overall effect: Z=0.32(P=0.75)
Test for subgroup differences: Chi*=5.42, df=1 (P=0.02), 1’=81.55% ‘ ‘ ‘ ‘

Favours heated 20 -10 0 10 20 Favours unheated

Analysis 3.3. Comparison 3 Morphine consumption (morphine equivalent daily doses), Outcome 3 Day 2 morphine.

Study or subgroup Heated Unheated Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
3.3.1 Heated, humidified vs cold ‘
Champion 2006 25 7(2.1) 25 4.6 (1.8) i 47.89% -0.9[-1.98,0.18]
Davis 2006 11 31(25) 11 25(34.7) * 0.73% 6[-19.27,31.27]
Hamza 2005 23 15(12) 21 21(18) —t 5.16% -6[-15.13,3.13]
Sammour 2010 35 18.9(19.7) 39 30.1(34.7) e e— 2.8% -11.2[-23.9,1.5]
Savel 2005 15 43 (25) 15 44 (27) R — 1.34% -1[-19.62,17.62]
Yu 2013 95 2(5.8) 95 .8(8.9) - 35.7% -0.6[-2.74,1.54]
Subtotal *** 204 206 ¢ 93.61% -0.94[-1.9,0.01]
Heterogeneity: Tau?=0; Chi*=4.08, df=5(P=0.54); 1>=0%
Test for overall effect: Z=1.94(P=0.05)
3.3.2 Heated vs cold
Davis 2006 11 33(25) 11 25(34.7) * 0.73% 8[-17.27,33.27]
Slim 1999 49 31(24) 51 21(20) — 5.65% 10[1.32,18.68]
Subtotal *** 60 62 e 6.39% 9.79[1.58,18]
Heterogeneity: Tau?=0; Chi*=0.02, df=1(P=0.88); 1>=0%

Favours heated 20 -10 0 10 20 Favours unheated
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Study or subgroup Heated Unheated Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Test for overall effect: Z=2.34(P=0.02)
Total *** 264 268 < 100% -0.61[-2.79,1.57]

Heterogeneity: Tau?=2.28; Chi*=10.59, df=7(P=0.16); 1*=33.88%
Test for overall effect: Z=0.55(P=0.58)
Test for subgroup differences: Chi*=6.48, df=1 (P=0.01), 1’=84.58%

Favours heated

Comparison 4. Hospital stay (days)

-20 -10 0 10

20

Favours unheated

Outcome or subgroup ti-  No. of studies No. of partici- Statistical method Effect size

tle pants

1 Hospital stay 10 685 Mean Difference (IV, Random, 95% CI)  -0.06[-0.31, 0.19]
1.1 Heated, humidified vs 9 563 Mean Difference (IV, Random, 95% Cl)  -0.13 [-0.44, 0.18]
cold

1.2 Heated vs cold 2 122 Mean Difference (IV, Random, 95% CI)  0.20 [-0.23, 0.62]

Analysis 4.1. Comparison 4 Hospital stay (days), Outcome 1 Hospital stay.

Study or subgroup Heated Unheated Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
4.1.1 Heated, humidified vs cold
Champion 2006 25 2.3(0.5) 25 2.3(0.5) ] 26.96% 0[-0.28,0.28]
Davis 2006 11 2.4(3.1) 11 2.4(8.9) 0.2% 0[-5.57,5.57]
Farley 2004 49 1.3(0.9) 52 1.2(1) * 21.36% 0.09[-0.28,0.46)
Hamza 2005 23 2(3.1) 21 2(8.9) — 0.38% 0[-4.01,4.01]
Mouton 1999 16 1.5(3.1) 16 2.1(8.9) —t 0.29% -0.6[-5.22,4.02]
Nguyen 2002 10 1.3(0.5) 10 1.1(0.7) + 14.2% 0.2[-0.33,0.73]
Sammour 2010 35 6.4(3.1) 39 8.8(8.9) B 0.69% -2.4[-5.38,0.58]
Savel 2005 15 3.2(0.4) 15 4(0.9) + 15.47% -0.8[-1.3,-0.3]
Yu 2013 95 2(3.1) 95 2(8.9) — 1.66% 0[-1.9,1.9]
Subtotal *** 279 284 ¢ 81.21% -0.13[-0.44,0.18]
Heterogeneity: Tau?=0.06; Chi*=12.59, df=8(P=0.13); 1*=36.48%
Test for overall effect: Z=0.8(P=0.42)
4.1.2 Heated vs cold
Davis 2006 11 2.3(3.1) 11 2.4 (8.9) 0.2% -0.1[-5.67,5.47]
Slim 1999 49 2.9(1.3) 51 2.7(0.8) 18.59% 0.2[-0.23,0.63]
Subtotal *** 60 62 ’ 18.79% 0.2[-0.23,0.62]
Heterogeneity: Tau?=0; Chi>=0.01, df=1(P=0.92); 1>=0%
Test for overall effect: Z=0.92(P=0.36)
Total *** 339 346 { 100% -0.06[-0.31,0.19]
Heterogeneity: Tau?=0.04; Chi*=13.95, df=10(P=0.18); 1>=28.33%

Favours heated -10 5 0 5 Favours unheated

Heated insufflation with or without humidification for laparoscopic abdominal surgery (Review)
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Study or subgroup Heated Unheated Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Test for overall effect: Z=0.45(P=0.65)
Test for subgroup differences: Chi*=1.47, df=1 (P=0.22), 1>=32.1%

Favours heated -10 -5 0 5 10 Favours unheated
Comparison 5. Recovery room stay (minutes)
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Recovery time 6 327 Mean Difference (IV, Random, -26.79 [-51.34,-2.25]
95% Cl)

2 Recovery time for low risk of 5 277 Mean Difference (IV, Random, -1.22[-6.62,4.17]
bias studies 95% Cl)

Analysis 5.1. Comparison 5 Recovery room stay (minutes), Outcome 1 Recovery time.

Study or subgroup Heated unheated Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Champion 2006 25 58.8 (11.3) 25 56.5(11.1) * 19.55% 2.3[-3.91,8.51]
Davis 2006 11 144.8 (30) 11 142.5 (69) —t 12% 2.3[-42.16,46.76]
Farley 2004 49 74 (29) 52 82 (29) * 19% -8[-19.32,3.32]
Hamza 2005 23 83(30) 21 107 (69) —T 14.82% -24[-55.96,7.96]
Manwaring 2008 30 62 (19.9) 30 62.6 (17.6) + 19.23% -0.6[-10.11,8.91]
Ott 1998 25 45 (30) 25 190 (69) — 15.4% -145[-174.49,-115.51]
Total *** 163 164 L 4 100% -26.79[-51.34,-2.25]
Heterogeneity: Tau?=792.09; Chi*>=94.3, df=5(P<0.0001); I*=94.7%
Test for overall effect: Z=2.14(P=0.03) ‘ ‘ ‘

Favours heated 200 -100 0 100 200 Favours unheated

Analysis 5.2. Comparison 5 Recovery room stay (minutes), Outcome 2 Recovery time for low risk of bias studies.

Study or subgroup Heated unheated Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% Cl
Champion 2006 25 58.8 (11.3) 25 56.5(11.1) -h— 49.72% 2.3[-3.91,8.51]
Davis 2006 11 144.8 (30) 11 142.5 (69) 1.46% 2.3[-42.16,46.76]
Farley 2004 49 74 (29) 52 82 (29) — 19.66% -8[-19.32,3.32]
Hamza 2005 23 83(30) 21 107 (69) — 2.8% -24[-55.96,7.96]
Manwaring 2008 30 62(19.9) 30 62.6 (17.6) —— 26.37% -0.6[-10.11,8.91]
Total *** 138 139 L 4 100% -1.22[-6.62,4.17]
Heterogeneity: Tau?=5.2; Chi*=4.56, df=4(P=0.34); 1?=12.19%
Test for overall effect: Z=0.44(P=0.66)

Favours heated 50 25 0 25 50 Favours unheated

Heated insufflation with or without humidification for laparoscopic abdominal surgery (Review)
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Comparison 6. Lens fogging

Outcome or subgroup ti-  No. of studies No. of partici- Statistical method Effect size
tle pants
1 Times cleaned 7 341 Mean Difference (IV, Random, 95% Cl) 0.73[-0.32,1.77]

Analysis 6.1. Comparison 6 Lens fogging, Outcome 1 Times cleaned.

Study or subgroup Heated Unheated Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Champion 2006 25 6(2.3) 25 2(3.1) _— 14.1% 4[2.49,5.51]
Davis 2006 11 1.7(2.3) 11 1.3(3.1) —_— 10.24% 0.4[-1.88,2.68]
Farley 2004 49 1.1(2.3) 52 1.6(3.1) — 16.6% -0.5[-1.56,0.56]
Hamza 2005 23 2(2.3) 21 2(3.1) —t 13.48% 0[-1.63,1.63]
Nguyen 2002 10 1.6(2) 10 1.6(3.1) _ 10.21% 0[-2.29,2.29]
Sammour 2010 35 42(2.3) 39 3.1(2) —— 16.99% 1.1[0.11,2.09]
Savel 2005 15 1.3(0.9) 15 1.2(1) —— 18.38% 0.09[-0.61,0.79]
Total *** 168 173 e 100% 0.73[-0.32,1.77]
Heterogeneity: Tau?=1.41; Chi*=27.25, df=6(P=0); 1>=77.98%
Test for overall effect: Z=1.36(P=0.17)
Favours heated 5 2.5 0 2.5 5 Favours unheated
Comparison 7. Operative time (minutes)
Outcome or subgroup ti-  No. of studies No. of partici- Statistical method Effect size
tle pants
1 Operative time 20 1318 Mean Difference (IV, Random, 95% Cl)  -0.44 [-3.91, 3.04]
1.1 Heated, humidified vs 15 1033 Mean Difference (IV, Random, 95% Cl)  -2.01[-7.15, 3.13]
cold
1.2 Heated vs cold 7 285 Mean Difference (IV, Random, 95% Cl)  0.91 [-4.02, 5.83]

Analysis 7.1. Comparison 7 Operative time (minutes), Outcome 1 Operative time.

Study or subgroup Heated Unheated Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
7.1.1 Heated, humidified vs cold
Agaev 2013 66 42 (48.8) 84 56 (57.5) —+ 3.43% -14[-31.02,3.02]
Backlund 1998 13 161 (50) 13 163 (41) —— 0.93% -2[-37.15,33.15]
Champion 2006 25 61.7 (10.4) 25 61.7 (10.7) t 12.47% 0[-5.85,5.85]
Davis 2006 11 84.2 (48.8) 11 84.6 (57.5) — 0.59% -0.4[-44.97,44.17]

Favours heated <200 -100 0 100 200 Favours unheated

Heated insufflation with or without humidification for laparoscopic abdominal surgery (Review)
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Study or subgroup Heated Unheated Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Farley 2004 49 91.2 (22.7) 52 91.2 (22.3) + 8.64% 0[-8.78,8.78]
Hamza 2005 23 120 (24) 21 132 (48) —+ 2.08% -12[-34.75,10.75]
Kissler 2004 17 62(29.8) 19 45(22.5) —+ 3.3% 17[-0.41,34.41]
Klugsberger 2014 81 67.4(25.7) 67 59.3(19.7) + 10.39% 8.1[0.78,15.42]
Manwaring 2008 30 49.6 (17.1) 30 46.8 (18) + 8.53% 2.8[-6.08,11.68]
Mouton 1999 16 40 (48.8) 16 48.3 (57.5) —— 0.85% -8.3[-45.25,28.65]
Nguyen 2002 10 107 (12) 10 108 (33) —+ 2.25% -1[-22.76,20.76]
Ott 1998 25 190 (48.8) 25 230 (57.5) — 1.29% -40[-69.56,-10.44]
Sammour 2010 35 176.3 (48.8) 39 184.7 (57.5) — 1.86% -8.4[-32.63,15.83]
Savel 2005 15 76 (16) 15 101 (34) —+ 2.85% -25[-44.02,-5.98]
Yu 2013 95 69.8 (31.3) 95 71.6 (29.2) + 8.83% -1.8[-10.41,6.81]
Subtotal *** 511 522 [ 68.31% -2.01[-7.15,3.13]
Heterogeneity: Tau?=37.9; Chi*=26.93, df=14(P=0.02); 1>=48.01%
Test for overall effect: Z=0.77(P=0.44)
7.1.2 Heated vs cold
Davis 2006 11 83.1(48.8) 11 84.2 (57.5) — 0.59% -1.1[-45.67,43.47]
Kissler 2004 17 51(18) 19 45(22.5) s 5.07% 6[-7.25,19.25]
Nelskyla 1999 18 56 (48.8) 19 51(57.5) —— 0.98% 5[-29.3,39.3]
Puttick 1999 15 32.1(9.8) 15 31.5(11.4) + 10.04% 0.6[-6.99,8.19]
Saad 2000 10 56 (14) 10 61(17) —+ 4.85% -5[-18.65,8.65]
Slim 1999 49 73(37) 51 67 (31) s 4.99% 6[-7.41,19.41]
Wills 2001 19 69 (18) 21 72 (24) =+ 5.17% -3[-16.07,10.07]
Subtotal *** 139 146 ] 31.69% 0.91[-4.02,5.83]
Heterogeneity: Tau?=0; Chi*=2.25, df=6(P=0.89); 1>=0%
Test for overall effect: Z=0.36(P=0.72)
Total *** 650 668 100% -0.44[-3.91,3.04]
Heterogeneity: Tau?=16.33; Chi?=29.26, df=21(P=0.11); 1>=28.24%
Test for overall effect: Z=0.25(P=0.81)
Test for subgroup differences: Chi*=0.64, df=1 (P=0.42), 1>=0%
Favours heated 200 -100 0 100 200 Favours unheated
ADDITIONAL TABLES
Table 1. Demographics of included studies
Study Number of partici- Mean age (years) % Female Mean BMI (kg/m2) or weight
pants (kg)
Agaev 2013 150 52 2.7
Backlund 1998 26 49W/53C 42.3 25W/25C (BMI)
Champion 2006 50 41.5WH/44C 86 50W/52.9C (BMI)
Davis 2006 44 42.3WH/40.6W/44.8H/42 5C 47.2WH/49,1W/48.5H/52.4C (BMI)
Demco 2001 40 100

Heated insufflation with or without humidification for laparoscopic abdominal surgery (Review)
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Table 1. Demographics of included studies (continued)

Farley 2004 117 (16 excluded) 52 68.3 29.5W/29.7C (BMI)
Hamza 2005 50 (6 excluded) 44WH/45C 89.1 125W/128C (weight)
Kissler 2004 90 (53 with data) 37WH/33W/36C 100 63WH/63W/65C (weight)
Klugsberger 2014 148 55.7 69.6 28.56 (BMI)

Lee 2011 30 60.1W/55.1C 36.7

Manwaring 2008 60 30WH/30¢ 100 25W/24C (BMI)
Mouton 1999 32 23-89 (range)

Nelskyla 1999 37 46W/47C 100 63W/66C (weight)
Nguyen 2002 20 43WH/45C 45

Ott 1998 72 (50 with data) 100

Puttick 1999 30 46.2W/53.7C

Saad 2000 20 62W/51C 60 75W/83C (weight)
Sammour 2010 82 (8 excluded) 71WH/69C 57.1W/59C 26.5W/25.5C (BMI)
Savel 2005 30 41WH/39C 80 50.6W/52.3C (BMI)
Slim 1999 108 (8 excluded) 52W/53C 58 26.9W/25.7C (BMI)
Wills 2001 41 (1 excluded) 47.5W/52.2C 45 27W/29.2C (BMI)

Yu 2013 195 (5 excluded) 12 36.8 49,6W/50.3C (weight)

W =warmed cohort, C = cold cohort, H = humidified cohort, WH = warmed and humidified cohort

Heated insufflation with or without humidification for laparoscopic abdominal surgery (Review)
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Table 2. Methodology of included studies

Study Procedures Method of tem- Insufflation Gas tem- Heating de- Humidifica- Duration External warm-
perature mea- gas perature vice tion (%) of surgery ing
surement (°C) (minutes)
Agaev 2013 110 laparoscopic cholecystec- Carbon diox- WISAP Flow Not speci- 42WH/56C None
tomy, 40 laparoscopic fundo- ide Thermo fied
plication
Backlund Laparoscopic fundoplication, ~ Pulmonary artery Carbon diox- 37 WISAP Flow None 161W/163C Warm blanket/
1998 hernioplasty, sigmoid colon catheter ide Thermo warm waterbath
resection, rectopexy mattress
Champion Laparoscopic Roux-en-Y gas- Rectal thermome- Carbon diox- 35 Lexion Insu- 95 61.7WH/61.7C  None
2006 tric bypass ter ide flow
Davis 2006 Laparoscopic Roux-en-Y gas- Foley catheter for Carbon diox- 37 Lexion Insu- 95 78-84 None
tric bypass bladder tempera- ide flow (range)
ture
Demco 2001  Awake laparoscopy Carbon diox- 35 Lexion Insu- 95 None
ide flow
Farley 2004 Laparoscopic cholecystecto- Oesophageal probe  Carbon diox- 35 Lexion Insu- 95 91.2 Bair Hugger
my ide flow forced air warmer
(32°CW/34°CC)
Hamza 2005  Laparoscopic Roux-en-Y gas- Oesophageal/tym-  Carbon diox- 37 Lexion Insu- 95 120WH/132C  Warm cotton
tric bypass panic membrane ide flow blankets
Kissler 2004  Laparoscopic gynaecologic Intravesical tem- Carbon diox- 38 Laparo-CO2- 95-100 62WH/51W/45C None
surgery perature ide Pneu2232
Klugsberger  Laparoscopic cholecystecto- Rectal probe Carbon diox- 35 Storz Op- 95 63.88 None
2014 my ide titherm
Lee 2011 Laparoscopic low anteriorre-  Oesophageal tem- Carbon diox- 37 WISAP Flow None 212W/230C Bair Hugger
section, colectomy, gastrec- perature probe ide Thermo forced air

tomy

warmer/ warming
mattress with cir-
culating water at
38°C
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Table 2. Methodology of included studies (continued)

Manwaring 49 laparoscopy for en- Carbon diox- 37 Fisher & 100 49.6WH/46.8C  Upper body
2008 dometriosis, 16 laparoscopy ide Paykel warming blanket
for adhesions
Mouton Laparoscopic cholecystecto- Oesophageal ther- Carbon diox- 34-37 LINS-1000 88-90 40WH/48.3WH  None
1999 my moresistor ide
Nelskyla Laparoscopic hysterectomy Tympanic and na- Carbon diox- 37 None 56W/51C None
1999 sopharyngealin- ide
frared technique
Nguyen Laparoscopic Nissen fundo- Oesophageal probe  Carbon diox- 37 Georgia Bio- 95 35.6WH/35 6C  Bair Hugger
2002 plication ide Medical Insu- forced air warmer
flow
Ott 1998 Laparoscopic gynaecologic Endotrachealtem-  Carbon diox- 36.2 Insuflow 95 38-262 None
surgery perature probe ide (range)
Puttick 1999  Laparoscopic cholecystecto- Oesophageal probe  Carbon diox- 37 WISAP Flow None 31.5W/32.1C  None
my ide Thermo
Saad 2000 Laparoscopic cholecystecto- Oesophageal probe  Carbon diox- 37 WISAP Flow None 56W/61C None
my ide Thermo
Sammour Laparoscopic colon resection ~ Oesophageal probe  Carbon diox- 37 Fisher & 98 176.3WH/184 7CBair Hugger
2010 ide Paykel forced air warmer
Savel 2005 Laparoscopic Roux-en-Y gas- Oesophageal probe  Carbon diox- 35 Lexion Insu- 95 76WH/101€ Bair Hugger
tric bypass ide flow forced air warmer
at discretion of
blinded anaes-
thesiologist
Slim 1999 Laparoscopic cholecystecto- Subdiaphragmat- Carbon diox- 37 ThermoFlator  None 73W/67C None
my, fundoplication, myotomy ic thermometric ide
probe
Wills 2001 Laparoscopic fundoplication Nasopharyngeal Carbon diox- 37 Cook None 69W/72C Bair Hugger
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warmed cohort, C
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Table 3. Outcomes of included studies

Cochrane Database of Systematic Reviews

Study Mean change in core temperature (°C) Adverse events (Clavien-Dindo = 111)
Heated Heated on- Cold Heated and hu- Heated on- Cold
and hu- ly midified ly
midified
Agaev 2013 0.49 -0.06 Not reported Not reported
Backlund 1998 0.2 -0.1 Not reported Not reported
Champion 2006 -0.4 -0.4 Not reported Not reported
Davis 2006 0.4 0.2 0.4 Not reported Not report-  Not reported
ed
Demco 2001 Not report- Not report- Not reported Not reported
ed ed
Farley 2004 0.29 -0.03 Not reported Not reported
Hamza 2005 -0.7 -1.7 Not reported Not reported
Kissler 2004 -0.5 -0.6 -0.4 Not reported Not report-  Not reported
ed
Klugsberger 2014 Not report- Not report- 0 0
ed ed
Lee 2011 -0.4 -0.7 Not report-  Not reported
ed
Manwaring 2008 -0.2 -0.13 Not reported Not reported
Mouton 1999 -0.25 -0.3 0 0
Nelskyla 1999 -0.2 0 Not report-  Not reported
ed
Nguyen 2002 0.4 0.3 0 0
Ott 1998 -0.3 -1.64 0 0
Puttick 1999 -0.24 -0.42 Not report-  Not reported
ed
Saad 2000 0 -0.1 Not report-  Not reported
ed
Sammour 2010 0.64 0.48 3 (8.6%) 5 (12.8%)
Savel 2005 0.4 -0.3 Not reported Not reported
Slim 1999 Not report-  Not report- 0 0
ed ed
Wills 2001 0.2 0 0 1 (4.8%)
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Table 3. Outcomes of included studies (continued)

Yu 2013 0.1 0.1 3(10.3%) 0

APPENDICES

Appendix 1. CENTRAL search strategy

Cochrane Central Register of Controlled Trials (CENTRAL; The Cochrane Library 2016, Issue 8))(September 2016)
#1 MeSH descriptor: [endoscopy] explode all trees

#2 MeSH descriptor: [minimal invasive surgical procedures] explode all trees

#3 MeSH descriptor: [pneumoperitoneum, artificial] explode all trees

#4 (endoscop* or laparoscop* or peritoneoscop* or laparotom*):ti,ab.kw

#5 (#1 or #2 or #3 or #4)

#6 MeSH descriptor: [carbon dioxide] explode all trees

#7 MeSH descriptor: [nitrous oxide] explode all trees

#8 MeSH descriptor: [argon] explode all trees

#9 MeSH descriptor: [helium] explode all trees

#10 (Gas* or carbon dioxide or CO2 or nitrous oxide or N20 or helium or argon or laughing gas):ti,ab,kw
#11 (#6 or #7 or #8 or #9 or #10)

#12 (Heat* or temperature* or warm* or isotherm*):ti,ab,kw

#13 (Humidification or humidif*):ti,ab,kw

#13 (#12 or #13)

#14 (#5 and #11 and #14)

Appendix 2. MEDLINE search strategy
MEDLINE (PubMed) (1950 to 23 September 2016)

1. Exp endoscopy/

2. Exp minimally invasive surgical procedures/

3. Exp pneumoperitoneum, artificial/

4. (endoscop™* or laparoscop* or peritoneoscop* or laparotom*).mp.

5.1or2or3or4

6. Exp carbon dioxide/

7. Exp Nitrous oxide/

8. Exp Argon/

9. Exp Helium/

10. (Gas* or carbon dioxide or CO2 or nitrous oxide or N20 or helium or argon or laughing gas).mp.

11.6o0r7o0r8o0r9o0r10
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12. (Heat* or temperature* or warm* or isotherm* or hypotherm* or thermoregulation).mp.

13. (Humidification or humidif*).mp.
14.12 0r 13

15.5and 11 and 14

16. Randomized controlled trial.pt.
17. Controlled clinical trial.pt.

18. Randomized.ab.

19. Placebo.ab.

20. Clinical trials as topic.sh.

21. Randomly.ab.

22. Trial.ti.
23.160r170r18o0r190r200r210r22
24. Exp animals/ not humans.sh.
25.23 not 24

26.15and 25

Appendix 3. Embase search strategy
Embase (1974 to 23 September 2016)

1. Exp abdominal-surgery/

2. Exp minimally-invasive-surgery/

3. Exp endoscopic-surgery/

4. Exp pneumoperitoneum/

5. (endoscop* or laparoscop* or laparotom™ or peritoneoscop*).mp.

6.1or2or3or4or5

7. (Gas* or carbon dioxide or CO2 or nitrous oxide or N20 or helium or argon or laughing gas).mp.
8. Exp carbon dioxide/

9. Exp nitrous oxide/

10. Exp Argon/

11. Exp Helium

12.7or8o0r9%o0r10or1l

13. (heat* or temperature* or warm* or isotherm* or hypotherm* or thermoregulation).mp.
14. (Humidification or humidif*).mp.

15.130r 14

16.6.and 12 and 15

17. crossover procedure.sh.

18. double-blind procedure.sh.
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19. single-blind procedure.sh.

20. (crossover* or cross over*).ti,ab.

21. placebo*.ti,ab.

22. (doubl* adj blind*).ti,ab.

23. allocat™ ti,ab.

24. trial.ti.

25. randomized controlled trial.sh.

26. random™.ti,ab.

27.18 or190r20o0r21 or22or23or24or25o0r26or27

28. (exp animal/ or exp invertebrate/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans or man or men
orwom?n).ti.)

29.27 not 28
30.16 and 29

Appendix 4. Scopus, search strategy

1. TOPIC: (minimally invasive) OR TOPIC: (laparoscop*) OR TOPIC: (endoscop*) OR TOPIC: (artificial pneumoperitoneum) OR TOPIC:
(peritoneoscop*)OR TOPIC: (laparotom™*)

2. TOPIC: (carbon dioxide) OR TOPIC: (nitrous oxide) OR TOPIC: (argon) OR TOPIC: (helium) OR TOPIC: (Gas*) OR TOPIC: (CO2) OR TOPIC:
(N20)OR TOPIC: (laughing gas)

3.TOPIC: (Heat*) ORTOPIC: (temperature*) OR TOPIC: (warm*) OR TOPIC: (isotherm*) TOPIC: (thermoregulation) ORTOPIC: (hypotherm*)OR
TOPIC: (humidif*)

4. #1 AND #2 AND #3

Appendix 5. Web of Science, search strategy

1. TITLE-ABS-KEY ( minimally invasive ) OR TITLE-ABS-KEY ( laparoscop* ) OR TITLE-ABS-KEY ( endoscop* ) OR TITLE-ABS-KEY ( artificial
pneumoperitoneum ) OR TITLE-ABS-KEY ( peritoneoscop* ) OR TITLE-ABS-KEY ( laparotom*)

2. TITLE-ABS-KEY ( carbon dioxide ) OR TITLE-ABS-KEY ( co2 ) OR TITLE-ABS-KEY ( nitrous oxide ) OR TITLE-ABS-KEY ( n20 ) OR TITLE-ABS-
KEY ( gas* ) OR TITLE-ABS-KEY ( laughing gas ) OR TITLE-ABS-KEY ( argon ) OR TITLE-ABS-KEY ( helium)

3. TITLE-ABS-KEY ( heat* ) OR TITLE-ABS-KEY ( temperature* ) OR TITLE-ABS-KEY ( warm* ) OR TITLE-ABS-KEY (isotherm*) OR TITLE-ABS-
KEY ( humidif* ) OR TITLE-ABS-KEY ( hypotherm* ) OR TITLE-ABS-KEY ( thermoregulation )

4.#1 AND #2 AND #3
Appendix 6. Other searches
We performed keyword searches from the following websites:

- International Pharmaceutical Abstracts
- ClinicalTrials.gov

- National Research Register

- Google Scholar

Appendix 7. Criteria for judging risk of bias in the 'Risk of bias' assessment tool

Random Sequence Generation

Selection bias (biased allocation to interventions) due to inadequate generation of a randomised sequence.
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(Continued)

Criteria for a judgement of The investigators describe a random component in the sequence generation process such as:
‘Low risk’ of bias

- referring to a random number table;

- using a computer random number generator;

- coin tossing;

- shuffling cards or envelopes;

- throwing dice;

- drawing of lots;

- minimisation*.

*Minimisation may be implemented without a random element, and this is considered to be equiv-
alent to being random.

Criteria for the judgement of The investigators describe a non-random component in the sequence generation process. Usually,
‘High risk’ of bias the description would involve some systematic, non-random approach, for example:

- sequence generated by odd or even date of birth;
- sequence generated by some rule based on date (or day) of admission;
- sequence generated by some rule based on hospital or clinic record number.

Other non-random approaches happen much less frequently than the systematic approaches men-
tioned above and tend to be obvious. They usually involve judgement or some method of non-ran-
dom categorisation of participants, for example:

- allocation by judgement of the clinician;
- allocation by preference of the participant;
- allocation based on the results of a laboratory test or a series of tests;

- allocation by availability of the intervention.

Criteria for the judgement of Insufficient information about the sequence generation process to permit judgement of ‘Low risk’
‘Unclear risk’ of bias or ‘High risk’.

Allocation concealment

Selection bias (biased allocation to interventions) due to inadequate concealment of allocations prior to assignment.

Criteria for a judgement of Participants and investigators enrolling participants could not foresee assignment because one of
‘Low risk’ of bias the following, or an equivalent method, was used to conceal allocation:

- central allocation (including telephone, web-based and pharmacy-controlled randomisation);
- sequentially numbered drug containers of identical appearance;

- sequentially numbered, opaque, sealed envelopes.

Criteria for the judgement of Participants or investigators enrolling participants could possibly foresee assignments and thus in-
‘High risk’ of bias troduce selection bias, such as allocation based on:

- using an open random allocation schedule (e.g. a list of random numbers);

- assignment envelopes were used without appropriate safeguards (e.g. if envelopes were unsealed
or nonopaque or not sequentially numbered);
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(Continued)

- alternation or rotation;

- date of birth;

- case record number;

- any other explicitly unconcealed procedure.
Criteria for the judgement of Insufficient information to permit judgement of ‘Low risk’ or ‘High risk’. This is usually the case if
‘Unclear risk’ of bias the method of concealment is not described or not described in sufficient detail to allow a definite

judgement - for example if the use of assignment envelopes is described, but it remains unclear
whether envelopes were sequentially numbered, opaque and sealed.

Blinding of participants and personnel

Performance bias due to knowledge of the allocated interventions by participants and personnel during the study.

Criteria for a judgement of Any one of the following:

‘Low risk’ of bias
-no blinding or incomplete blinding, but the review authors judge that the outcome is not likely to

be influenced by lack of blinding;

- blinding of participants and key study personnel ensured, and unlikely that the blinding could
have been broken.

Criteria for the judgement of Any one of the following:
‘High risk’ of bias
- no blinding or incomplete blinding, and the outcome is likely to be influenced by lack of blinding;

- blinding of key study participants and personnel attempted, but likely that the blinding could
have been broken, and the outcome is likely to be influenced by lack of blinding.

Criteria for the judgement of Any one of the following:

‘Unclear risk’ of bias
-insufficient information to permit judgement of ‘Low risk’ or ‘High risk’;

- the study did not address this outcome.

Blinding of outcome assessment

Detection bias due to knowledge of the allocated interventions by outcome assessors.

Criteria for a judgement of Any one of the following:

‘Low risk’ of bias
- no blinding of outcome assessment, but the review authors judge that the outcome measurement

is not likely to be influenced by lack of blinding;

- blinding of outcome assessment ensured, and unlikely that the blinding could have been broken.

Criteria for the judgement of Any one of the following:

‘High risk’ of bias
- no blinding of outcome assessment, and the outcome measurement is likely to be influenced by
lack of blinding;

- blinding of outcome assessment, but likely that the blinding could have been broken, and the out-
come measurement is likely to be influenced by lack of blinding.

Criteria for the judgement of Any one of the following:

‘Unclear risk’ of bias
-insufficient information to permit judgement of ‘Low risk’ or ‘High risk’;

- the study did not address this outcome.
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Incomplete outcome data

Attrition bias due to amount, nature or handling of incomplete outcome data.

Criteria for a judgement of
‘Low risk’ of bias

Any one of the following:
- no missing outcome data;

- reasons for missing outcome data unlikely to be related to true outcome (for survival data, cen-
soring unlikely to be introducing bias);

- missing outcome data balanced in numbers across intervention groups, with similar reasons for
missing data across groups;

- for dichotomous outcome data, the proportion of missing outcomes compared with observed
event risk not enough to have a clinically relevantimpact on the intervention effect estimate;

- for continuous outcome data, plausible effect size (difference in means or standardised difference
in means) among missing outcomes not enough to have a clinically relevant impact on observed
effect size;

- missing data have been imputed using appropriate methods.

Criteria for the judgement of
‘High risk’ of bias

Any one of the following:

- reason for missing outcome data likely to be related to true outcome, with either imbalance in
numbers or reasons for missing data across intervention groups;

- for dichotomous outcome data, the proportion of missing outcomes compared with observed
event risk enough to induce clinically relevant bias in intervention effect estimate;

- for continuous outcome data, plausible effect size (difference in means or standardized difference
in means) among missing outcomes enough to induce clinically relevant bias in observed effect
size;

- ‘as-treated’ analysis done with substantial departure of the intervention received from that as-
signed at randomization;

- potentially inappropriate application of simple imputation.

Criteria for the judgement of
‘Unclear risk’ of bias

Any one of the following:

-insufficient reporting of attrition/exclusions to permit judgement of ‘Low risk’ or ‘High risk’ (e.g.
number randomised not stated, no reasons for missing data provided);

- the study did not address this outcome.

Selective reporting

Reporting bias due to selective outcome reporting.

Criteria for a judgement of
‘Low risk’ of bias

Any of the following:

- the study protocol is available and all of the study’s pre-specified (primary and secondary) out-
comes that are of interest in the review have been reported in the pre-specified way;

- the study protocol is not available but it is clear that the published reports include all expected
outcomes, including those that were pre-specified (convincing text of this nature may be uncom-
mon).

Criteria for the judgement of
‘High risk’ of bias

Any one of the following:

- not all of the study’s pre-specified primary outcomes have been reported;
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- one or more primary outcomes is reported using measurements, analysis methods or subsets of
the data (e.g. subscales) that were not pre-specified;
- one or more reported primary outcomes were not pre-specified (unless clear justification for their
reporting is provided, such as an unexpected adverse effect);
- one or more outcomes of interest in the review are reported incompletely so that they cannot be
entered in a meta-analysis;
- the study report fails to include results for a key outcome that would be expected to have been re-
ported for such a study.
Criteria for the judgement of Insufficient information to permit judgement of ‘Low risk’ or ‘High risk’. It is likely that the majority
‘Unclear risk’ of bias of studies will fall into this category.
Other bias

Bias due to problems not covered elsewhere in the table.

Criteria for a judgement of The study appears to be free of other sources of bias.
‘Low risk’ of bias

Criteria for the judgement of There is at least one important risk of bias. For example, the study:

‘High risk’ of bias
- had a potential source of bias related to the specific study design used; or
- has been claimed to have been fraudulent; or

- had some other problem.

Criteria for the judgement of There may be a risk of bias, but there is either:

‘Unclear risk’ of bias
- insufficient information to assess whether an important risk of bias exists; or

- insufficient rationale or evidence that an identified problem will introduce bias.

WHAT'S NEW

Date Event Description

17 October 2016 New citation required but conclusions Updated to include six new trials
have not changed

HISTORY

Protocol first published: Issue 2, 2009
Review first published: Issue 1,2011

Date Event Description
30 September 2015 New search has been performed Update and Amendment
26 July 2010 Amended Final amendment
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