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A B S T R A C T

Background

Nitrous oxide has been used for over 160 years for the induction and maintenance of general anaesthesia. It has been used as a sole

agent but is most often employed as part of a technique using other anaesthetic gases, intravenous agents, or both. Its low tissue

solubility (and therefore rapid kinetics), low cost, and low rate of cardiorespiratory complications have made nitrous oxide by far the

most commonly used general anaesthetic. The accumulating evidence regarding adverse effects of nitrous oxide administration has led

many anaesthetists to question its continued routine use in a variety of operating room settings. Adverse events may result from both

the biological actions of nitrous oxide and the fact that to deliver an effective dose, nitrous oxide, which is a relatively weak anaesthetic

agent, needs to be given in high concentrations that restrict oxygen delivery (for example, a common mixture is 30% oxygen with

70% nitrous oxide). As well as the risk of low blood oxygen levels, concerns have also been raised regarding the risk of compromising

the immune system, impaired cognition, postoperative cardiovascular complications, bowel obstruction from distention, and possible

respiratory compromise.

Objectives

To determine if nitrous oxide-based anaesthesia results in similar outcomes to nitrous oxide-free anaesthesia in adults undergoing

surgery.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL; 2014 Issue 10); MEDLINE (1966 to 17 October 2014);

EMBASE (1974 to 17 October 2014); and ISI Web of Science (1974 to 17 October 2014). We also searched the reference lists of

relevant articles, conference proceedings, and ongoing trials up to 17 October 2014 on specific websites (http://clinicaltrials.gov/, http:/

/controlled-trials.com/, and http://www.centerwatch.com).
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Selection criteria

We included randomized controlled trials (RCTs) comparing general anaesthesia where nitrous oxide was part of the anaesthetic

technique used for the induction or maintenance of general anaesthesia (or both) with any general anaesthesia using a volatile anaesthetic

or propofol-based maintenance of anaesthesia but no nitrous oxide for adults undergoing surgery. Our primary outcome was inhospital

case fatality rate. Secondary outcomes were complications and length of stay.

Data collection and analysis

Two review authors independently assessed trial quality and extracted the outcome data. We used meta-analysis for data synthesis.

Heterogeneity was examined with the Chi² test and by calculating the I² statistic. We used a fixed-effect model if the measure of

inconsistency was low for all comparisons (I² statistic < 50%); otherwise we used a random-effects model for measures with high

inconsistency. We undertook subgroup analyses to explore inconsistency and sensitivity analyses to evaluate whether the results were

robust. We assessed the quality of evidence of the main outcomes using the Grading of Recommendations, Assessment, Development

and Evaluation (GRADE) system.

Main results

We included 35 trials (13,872 adult participants). Seven included studies were at low risk of bias. We identified eight studies as awaiting

classification since we could not obtain the full texts, and had insufficient information to include or exclude them. We included

data from 24 trials for quantitative synthesis. The results of meta-analyses showed that nitrous oxide-based techniques increased the

incidence of pulmonary atelectasis (odds ratio (OR) 1.57, 95% confidence interval (CI) 1.18 to 2.10, P = 0.002), but had no effects

on the inhospital case fatality rate, the incidence of pneumonia, myocardial infarction, stroke, severe nausea and vomiting, venous

thromboembolism, wound infection, or the length of hospital stay. The sensitivity analyses suggested that the results of the meta-

analyses were all robust except for the outcomes of pneumonia, and severe nausea and vomiting. Two trials reported length of intensive

care unit (ICU) stay but the data were skewed so were not pooled. Both trials reported that nitrous oxide-based techniques had no

effects on the length of ICU stay. We rated the quality of evidence for two outcomes (pulmonary atelectasis, myocardial infarction)

as high, four outcomes (inhospital case fatality rate, stroke, venous thromboembolism, length of hospital stay) as moderate, and three

(pneumonia, severe nausea and vomiting, wound infection rate) as low.

Authors’ conclusions

Given the evidence from this Cochrane review, the avoidance of nitrous oxide may be reasonable in participants with pre-existing poor

pulmonary function or at high risk of postoperative nausea and vomiting. Since there are eight studies awaiting classification, selection

bias may exist in our systematic review.

P L A I N L A N G U A G E S U M M A R Y

Nitrous oxide (laughing gas)-based techniques versus nitrous oxide-free techniques for general anaesthesia

Review question

We reviewed the evidence about the harmful effects of nitrous oxide on people undergoing general anaesthesia.

Background

Nitrous oxide is an anaesthetic gas which has been used for more than 160 years for inducing anaesthesia and keeping patients

anaesthetized throughout an operation. It is also known as ’laughing gas’. It is a colourless non-flammable gas with a pleasant, faint

sweet odour and taste. Its low cost and low toxicity have made nitrous oxide by far the most commonly used general anaesthetic.

However, some studies have reported that adding nitrous oxide may lead to harmful effects. This has led many anaesthetists to question

its continued routine use in a variety of operating room settings.

We wanted to discover whether using nitrous oxide in general anaesthesia was better or worse than not using nitrous oxide.

Study characteristics

We examined the evidence available up to 17 October 2014. We included 35 trials involving 13,872 adult participants, all of whom

were randomized to either receive nitrous oxide or no nitrous oxide. The trials covered a variety of situations during general anaesthesia.

Key results
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We found that general anaesthesia with nitrous oxide increased the risk of pulmonary atelectasis (i.e. failure of the lungs to expand

fully). When we restricted the results to the highest quality studies only, we found evidence that nitrous oxide may potentially increase

the risk of pneumonia and severe nausea and vomiting. However, nitrous oxide had no effect on the patients’ survival, the incidence of

heart attack, stroke, wound infection, the occurrence of blood clots within veins, the length of hospital stay, or the length of intensive

care unit stay.

Quality of the evidence

The evidence related to survival of participants was of moderate quality because we did not have enough data. The evidence related to

some harmful effects, such as failure of the lungs to expand fully and heart attack, was of high quality, while for other harmful effects,

such as stroke and the occurrence of blood clots within veins, the evidence was of moderate quality. For others, such as pneumonia,

severe nausea and vomiting, and wound infection, the evidence was of low quality. The evidence related to the length of time spend in

hospital was of moderate quality.

Authors conclusions

The avoidance of nitrous oxide may be reasonable in participants with pre-existing poor pulmonary function or at high risk of

postoperative nausea and vomiting.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Nitrous oxide-based compared to nitrous oxide- free for general anaesthesia

Patient or population: adult pat ients 18 years and above undergoing standard general anaesthesia

Settings: operat ing room

Intervention: nitrous oxide-based techniques

Comparison: nitrous oxide-f ree techniques

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

nitrous oxide- free Nitrous oxide-based

Inhospital case fatality

rate

Study population OR 0.87
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79 per 1000 119 per 1000

(92 to 153)

M oderate

50 per 1000 76 per 1000

(58 to 100)

M yocardial infarction Study population OR 1.01

(0.84 to 1.22)

9246

(6 studies)

⊕⊕⊕⊕

high

-

51 per 1000 51 per 1000

(43 to 61)

M oderate

65 per 1000 66 per 1000

(55 to 78)

Stroke Study population OR 1.47

(0.86 to 2.53)

9142

(4 studies)

⊕⊕⊕©

moderate3

-

5 per 1000 7 per 1000

(4 to 12)

M oderate

3 per 1000 4 per 1000

(3 to 8)

Severe nausea and

vomiting

Study population OR 1.44

(0.97 to 2.15)

11045

(10 studies)

⊕⊕©©

low4,5

The sensit ivity analysis

suggested that the re-

sults of meta-analysis

was not robust

95 per 1000 131 per 1000

(92 to 184)

M oderate

108 per 1000 148 per 1000
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Length of hospital stay The mean length of hos-

pital stay in the inter-

vent ion groups was

0.36 higher

(0.69 lower to 1.4

higher)

1103

(6 studies)

⊕⊕⊕©

moderate5

-

* The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% CI) is based on the assumed

risk in the comparison group and the relative effect of the intervent ion (and its 95% CI).

CI: conf idence interval; OR: odds rat io.

GRADE Working Group grades of evidence

High quality: f urther research is very unlikely to change our conf idence in the est imate of ef fect.

M oderate quality: f urther research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: f urther research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: we are very uncertain about the est imate.

1Serious imprecision: 95% CI of OR includes both 1.0 and 0.75/ 1.25. Downgraded by one level.
2Serious risk of bias: all studies were described as randomized but details were only provided by three; four studies described

allocat ion concealment. Two studies blinded part icipants and personnel; six studies blinded outcome assessors. Downgraded

by one level.
3Serious imprecision: 95% CI of OR includes both 1.0 and 1.25. Downgraded by one level.
4Serious risk of bias: all studies were described as randomized but details were only provided by three; four studies

described allocat ion concealment. Four studies blinded part icipants and personnel; seven studies blinded outcome assessors.

Downgraded by one level.
5Serious inconsistency: substant ial heterogeneity with I² stat ist ic > 50%. Downgraded by one level.
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B A C K G R O U N D

Description of the condition

Nitrous oxide, also known as laughing gas, is a colourless non-

flammable gas with a pleasant, faintly sweet odour and taste. The

gas has been in use for more than 160 years for the induction

and maintenance of general anaesthesia. It has been used as a sole

agent but is most often employed as part of a technique using

other anaesthetic gases, intravenous agents, or both. Its low tissue

solubility (and therefore rapid kinetics), low cost, and low rate of

cardiorespiratory complications have made nitrous oxide by far the

most commonly used general anaesthetic. Worldwide, it is given

to more than one billion surgical patients annually (Fleischmann

2005).

The accumulating evidence regarding adverse effects of nitrous

oxide administration has led many anaesthetists to question its

continued routine use in a variety of operating room settings. Ad-

verse events may result from both the biological actions of nitrous

oxide and the fact that to deliver an effective dose, nitrous oxide,

which is a relatively weak anaesthetic agent, needs to be given in

high concentrations that restrict oxygen delivery (for example, a

common mixture is 30% oxygen with 70% nitrous oxide).

The disadvantages of nitrous oxide have been reported. Concerns

have been raised regarding the risk of compromising the immune

system (Parbrook 1967), low blood oxygen levels (Cheney 2007),

impaired cognition (mental ability) (Culley 2007; Linde 1969),

postoperative cardiovascular complications (Myles 2008b), as well

as bowel obstruction from distention and possible respiratory com-

promise (Eger 1965). In addition, nitrous oxide may increase

the risk of developing brain damage from reduced cerebral blood

flow (Lehmberg 2008; Pasternak 2009). Finally, nitrous oxide is a

proven risk factor for nausea and vomiting (Apfel 2004).

Description of the intervention

As a weak anaesthetic, nitrous oxide is generally not used alone

in general anaesthesia. Although there is considerable variation

in how this drug is used, a typical scenario would be the main-

tenance of surgical anaesthesia, for whatever period required, by

the administration of 69% nitrous oxide, 29% oxygen, and 2%

of a potent volatile anaesthetic agent such as sevoflurane. Alterna-

tively, an intravenous drug could be continuously infused while

the patient breathes 70% nitrous oxide and 30% oxygen. The ef-

fect of nitrous oxide is to reduce the dose of either a volatile or in-

travenous anaesthetic that is required to maintain an appropriate

level of anaesthesia.

How the intervention might work

As is the case with other gaseous anaesthetic agents, the exact mech-

anism of action of nitrous oxide is not completely understood.

Theories include antagonism at both the N-methyl-D-aspartate

(NMDA) excitatory receptors and central nicotinic receptors; and

a similar inhibitory effect at the two-pore K+ channel TWIK-

related potassium channel-1 (TREK-1), a potassium channel in-

volved in polymodal pain perception, to display analgesic, anxi-

olytic, and amnesic properties (Gruss 2004; Jevtovi -Todorovi

1998; Yamakura 2000).

As suggested above, nitrous oxide is often used as one compo-

nent of a balanced anaesthetic approach. This has several potential

advantages including a reduction in the requirements for other

agents, and consequently a reduced incidence and severity of any

adverse effects of those agents, a rapid onset of anaesthetic effect,

and a more rapid recovery of consciousness once the anaesthesia is

discontinued (Becker 2008). These advantages need to be balanced

against the potential disadvantages of nitrous oxide. Mechanisti-

cally, many of the adverse effects of nitrous oxide are ascribed to

the inactivation of the cobalamin form of vitamin B12, by oxida-

tion, thereby inhibiting the action of methionine synthase, folate

metabolism, and deoxyribonucleic acid synthesis. All of these are

important for protein production and DNA synthesis (Guirguis

1990; Perry 1983; Rowland 1995). Moreover, nitrous oxide de-

presses some white cells’ ability to respond to various stimuli and

reduces the growth of other white cell elements (mononucleocytes)

(Kripke 1987).

Why it is important to do this review

As nitrous oxide administration brings both advantages and disad-

vantages, a systematic review will assist the individual anaesthetist

in making the most appropriate choice of anaesthetic technique

on an individual patient basis. The balance of risk versus benefit is

likely to depend on many factors. The aim of this Cochrane review

was to quantitatively evaluate if nitrous oxide was responsible for

clinically significant adverse events following general anaesthesia

that could be safely avoided by the use of alternative agents. This

may have a wide impact on the conduct of general anaesthesia.

O B J E C T I V E S

To determine if nitrous oxide-based anaesthesia results in similar

outcomes to nitrous oxide-free anaesthesia in adults undergoing

surgery.

M E T H O D S

Criteria for considering studies for this review
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Types of studies

We included only randomized controlled trials (RCTs).

Types of participants

We included participants, aged 18 years and older, undergoing

surgery with standard general anaesthesia.

Types of interventions

Intervention:

General anaesthesia where nitrous oxide was part of the anaes-

thetic technique used for the induction or maintenance of general

anaesthesia, or both.

Control:

General anaesthesia using a volatile anaesthetic or propofol-based

maintenance of anaesthesia but no nitrous oxide.

Types of outcome measures

Primary outcomes

1. Inhospital case fatality rate (number or proportion of

deceased participants after a defined period following

anaesthesia).

Secondary outcomes

1. Pulmonary complications:

1.1 Pneumonia: We accepted any definition used by the authors

of included papers;

1.2 Pulmonary atelectasis: We accepted any definition used by the

authors of included papers.

2. Heart complications:

2.1 Myocardial infarction: We accepted any definition of myocar-

dial infarction used by the authors of included papers.

3. Neurological complications:

3.1 Stroke: We accepted any definition of stroke used by the au-

thors of included papers. Where there was no definition, we ac-

cepted in the outcome any participant with new neurological signs

(paralysis, weakness or speech difficulties) that persisted for 24

hours or leaded to early death.

4. Other complications:

4.1 Severe nausea and vomiting: We accepted any definition of

severe nausea and vomiting made by the authors of included trials.

Where there was no definition, we accepted into the outcome any

participant with at least two episodes of vomiting or who required

at least three doses of antiemetic medication within 24 hours of

surgery;

4.2 Venous thromboembolism: We accepted any definition of deep

venous thrombosis or pulmonary embolism used by the authors

of included papers;

4.3 Wound infection rate: We accepted any definition of wound

infection made by the authors of included trials.

5. Length of stay:

5.1 Length of hospital stay: We accepted any definition of length

of hospital stay made by the authors of included trials;

5.2 Length of intensive care unit (ICU) stay: We accepted any

definition of length of ICU stay made by the authors of included

trials.

Search methods for identification of studies

Electronic searches

We searched the Cochrane Central Register of Controlled Trials

(CENTRAL; 2014 Issue 10); MEDLINE (1966 to 17 October

2014); EMBASE (1974 to 17 October 2014); and ISI Web of

Science (1974 to 17 October 2014).

We developed a specific strategy for each database (Appendix

1 for CENTRAL; Appendix 2 for MEDLINE; Appendix 3 for

EMBASE; and Appendix 4 for ISI Web of Science).

Searching other resources

Two review authors (RS, WQJ) examined the reference lists of

any retrieved articles for additional relevant publications. In ad-

dition, two review authors (BM, YL) manually searched confer-

ence proceedings and review articles for relevant studies. We con-

tacted relevant trial authors to identify any additional or ongoing

studies. We also searched for relevant trials on specific websites:

http://clinicaltrials.gov/; http://controlled-trials.com/; and http:/

/www.centerwatch.com. We did not apply any language restric-

tions.

Data collection and analysis

Two review authors (RS, WQJ) developed and used a standardized

data extraction form in accordance with the Cochrane Handbook

for Systematic Reviews of Interventions (Higgins 2011). Two review

authors (RS, XFL) independently checked and entered data into

RevMan 5.3 for statistical analysis.

Selection of studies

One review author (WQJ) scanned the titles and abstracts of arti-

cles retrieved by the search and removed those that did not meet

our inclusion criteria. Three review authors (JHT, WQJ, RS) re-

trieved the full text of all potentially eligible studies. Two review

authors (RS, WQJ) independently examined the full text articles
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for compliance with the inclusion criteria and selected studies eli-

gible for inclusion in the review. We resolved any disagreement as

to study eligibility by discussion with a third review author (KHY).

Data extraction and management

We extracted data from eligible studies using a data form we had

designed and pilot-tested (Appendix 5). When a study either over-

lapped or was a duplicate of another study, WQ Jia and P Zhang

contacted the study authors for clarification and, if confirmed,

used the publication with the more detailed data for this system-

atic review and combined the additional data. Two review authors

(RS, PZ) contacted the original study authors for additional data

for included outcomes that were not published in the study. Two

review authors (WQJ, RS) independently extracted the data and

resolved any disagreement by consulting a third review author

(KHY).

We extracted the following information:

• Study design (RCT).

• Participants (number, age, gender, American Society of

Anesthesiologists (ASA) physical status classification, disease,

type of surgery).

• Intervention (concentration of nitrous oxide, mixed inhaled

anaesthetic, concentration of oxygen, duration of inhaled nitrous

oxide).

• Quality assessment (sequence generation, allocation

concealment, blinding, incomplete outcome data, other issues).

• Outcome (primary and secondary outcomes, methods used

to assess outcomes, time of follow-up).

Assessment of risk of bias in included studies

Two review authors (RS, BM) independently assessed the qual-

ity of the studies by constructing a ’Risk of bias’ table for each

study which included sequence generation, allocation conceal-

ment, blinding, incomplete outcome data, selective reporting, and

other bias (Higgins 2011). Any disagreements were resolved by

discussion between the two review authors.

We assessed the quality factors of each study separately. These were

classified as either ’low’, ’high’, or ’unclear’ risk of bias.

Measures of treatment effect

Considering dichotomous variables, we expressed the difference

in the number of events in the nitrous oxide-based group and the

nitrous oxide-free group as an odds ratio (OR) for complications

and Peto odds ratio (Peto OR) for the inhospital case fatality rate.

For length of stay, we only pooled the data expressed as mean and

standard deviation (SD). The effect size for length of stay was the

mean difference (MD). We presented 95% confidence intervals

(CIs) for all outcomes.

Unit of analysis issues

Non-standard design RCTs can present statistical problems.

Whilst we did not anticipate including crossover or cluster ran-

domized designs in this Cochrane review, we expected multiple

intervention groups. We took care to avoid ’unit of analysis’ errors

when analysing these types of trials (Higgins 2011).

Dealing with missing data

In the event of missing data, two review authors (WQJ, RS) tried

to contact the authors of the original studies in order to obtain the

necessary information. Two review authors (XFL, RS) analysed

the data on an intention-to-treat (ITT) basis as far as possible.

Assessment of heterogeneity

We considered whether the clinical and methodological charac-

teristics of the included studies were sufficiently similar for meta-

analysis to provide a meaningful summary. Statistically, we exam-

ined heterogeneity with the Chi² test and by calculating the I²

statistic. We considered heterogeneity to be substantial when the

I² statistic > 50% and carefully considered the data before report-

ing any pooled results (Higgins 2002). If substantial heterogene-

ity was detected, we explored possible explanations in subgroup

analyses.

Assessment of reporting biases

We conducted a comprehensive search for eligible studies. If there

were 10 or more studies in an analysis, we used a funnel plot

to explore the possibility of publication bias and other reporting

biases. In the analyses for dichotomous outcomes we also assessed

publication bias statistically with the use of Egger’s test (Egger

1997) performed with Stata 11.0. We based evidence of asymmetry

on P < 0.05.

Data synthesis

We used meta-analysis for data synthesis. We used a fixed-effect

model if the measure of inconsistency was low for all comparisons

(I² statistic < 50%); otherwise we used a random-effects model

for measures with high inconsistency. Where we did not conduct

meta-analysis, we described the findings of the included studies

qualitatively.

We included the following outcomes in the ’Summary of findings’

tables:

• Inhospital case fatality rate.

• Pneumonia.

• Pulmonary atelectasis.

• Myocardial infarction.

• Stroke.

• Severe nausea and vomiting.

• Length of hospital stay.
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• Venous thromboembolism.

• Wound infection rate.

We rated the quality of evidence for each outcome following the

guidelines of Grading of Recommendations, Assessment, Devel-

opment and Evaluation (GRADE) approach (Schünemann 2009)

and based on the following five downgrade factors: risk of bias,

inconsistency, indirectness, imprecision, and publication bias. For

each downgrade factor, a judgment of ’no’, ’serious (downgrade

the quality of evidence by one level)’, or ’very serious (downgrade

the quality of evidence by two levels)’ was assigned. At the very

beginning, we classified all the outcomes as at ’high’ quality by

default, and after rating, each outcome could receive a grade of

either ’high’, ’moderate’, ’low’, or ’very low’ quality.

Subgroup analysis and investigation of heterogeneity

We undertook subgroup analyses as follows, as stated in the

Cochrane protocol (Yang 2011):

1. Type of surgery (day-case procedures/examinations versus

intra-abdominal surgery versus neurosurgery versus vascular

surgery versus ophthalmic surgery versus breast surgery).

2. Different concentrations of inhaled nitrous oxide (high

concentration [higher than 50%] versus low concentration

[equal to or lower than 50%]).

3. Different intervention in the nitrous oxide-free group

(propofol-based maintenance of anaesthesia versus volatile

anaesthetic-based maintenance of anaesthesia).

Sensitivity analysis

To evaluate whether the results of the systematic review were ro-

bust, we conducted sensitivity analyses based on the methodolog-

ical quality (high quality versus low quality) and the percentages

of withdrawals (above 10% versus below 10%) of the included

RCTs.

R E S U L T S

Description of studies

See: Characteristics of included studies; Characteristics of excluded

studies; and Characteristics of studies awaiting classification sec-

tions.

Results of the search

The number of potential RCTs screened for inclusion in this

Cochrane review is outlined in the study flow diagram (Figure 1).
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Figure 1. Study flow diagram.
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We identified a total of 2906 references through searches of elec-

tronic databases and a further 229 through other resources. After

removing the duplicates, we screened 2127 unique references. We

excluded 2040 records based on titles and abstracts, and a fur-

ther eight studies are awaiting classification (see Characteristics of

studies awaiting classification) as we were unable to obtain their

full texts from either our university library, the Danish National

Library, or Cochrane Anaesthesia, Critical and Emergency Care

Group members. We assessed 79 full text papers, of which 38 re-

ports (consisting of 35 trials) were eligible for inclusion in this

Cochrane review.

Included studies

We included 35 trials in this Cochrane review; see Characteristics

of included studies.

Four studies included participants who had undergone day-case

procedures or examinations (Arellano 2000; Sengupta 1988; Short

1985; Van Hemelrijck 1991); 14 studies included participants

who had undergone intra-abdominal surgery (Akca 2004; Brodsky

2005; Chen 2013; Fleischmann 2005; Jensen 1992; Jensen 1993a;

Jensen 1993b; Krogh 1994; Lee 2005; Lonie 1986; Mraovic 2008;

Paredi 1994; Pedersen 1993; Sukhani 1994); three studies in-

cluded participants who had undergone neurosurgery (Lampe

1990; Singh 2011; Todd 1993); two studies included participants

who had undergone vascular surgery (Badner 2000; Kozmary

1990); one study included participants who had undergone oph-

thalmic surgery (Deleu 2000); one study included participants

who had undergone breast surgery (Vanacker 1999); one study

included participants who had undergone orthopedic surgery

(Alhashemi 1997); and one study included participants who had

undergone thoracic surgery (Yoshimura 2014). Eight studies in-

cluded participants who had undergone different types of surgery

(Bloomfield 1988; Eger 1990; ENIGMA II trial 2014; ENIGMA

trial 2007; Gilani 2008; Larsen 2000; Leung 2006; Myles 2008a).

Twenty-six studies used high concentrations of nitrous oxide in the

nitrous oxide-based group (Akca 2004; Alhashemi 1997; Arellano

2000; Badner 2000; Chen 2013; Eger 1990; ENIGMA II trial

2014; ENIGMA trial 2007; Fleischmann 2005; Gilani 2008;

Jensen 1992; Jensen 1993a; Jensen 1993b; Kozmary 1990; Krogh

1994; Lampe 1990; Larsen 2000; Lee 2005; Lonie 1986; Myles

2008a; Pedersen 1993; Short 1985; Singh 2011; Todd 1993; Van

Hemelrijck 1991; Sukhani 1994); three studies used low concen-

trations of nitrous oxide (Brodsky 2005; Mraovic 2008; Yoshimura

2014); and one study used both low and high concentrations of

nitrous oxide (Sengupta 1988). Five studies did not report the con-

centration of nitrous oxide (Bloomfield 1988; Deleu 2000; Leung

2006; Paredi 1994; Vanacker 1999).

Ten studies used propofol-based maintenance of anaesthesia in

the nitrous oxide-free group (Alhashemi 1997; Arellano 2000;

Deleu 2000; Jensen 1992; Jensen 1993b; Larsen 2000; Krogh

1994; Sukhani 1994; Todd 1993; Yoshimura 2014); 22 studies

used volatile anaesthetic-based maintenance of anaesthesia in the

nitrous oxide-free group (Akca 2004; Badner 2000; Bloomfield

1988; Brodsky 2005; Chen 2013; Eger 1990; Fleischmann 2005;

Gilani 2008; Jensen 1993a; Kozmary 1990; Lampe 1990; Lee

2005; Leung 2006; Lonie 1986; Mraovic 2008; Paredi 1994;

Pedersen 1993; Sengupta 1988; Short 1985; Singh 2011; Vanacker

1999; Van Hemelrijck 1991). Three studies used different tech-

niques of anaesthesia in the nitrous oxide-free group (ENIGMA

II trial 2014; ENIGMA trial 2007; Myles 2008a).

Of the 35 included trials, 24 trials reported outcomes identified

as of interest for this review (Arellano 2000; Chen 2013; Deleu

2000; Eger 1990; ENIGMA II trial 2014; ENIGMA trial 2007;

Fleischmann 2005; Jensen 1992; Jensen 1993a; Jensen 1993b;

Kozmary 1990; Krogh 1994; Lampe 1990; Leung 2006; Mraovic

2008; Myles 2008a; Paredi 1994; Pedersen 1993; Sengupta

1988; Short 1985; Singh 2011; Todd 1993; Vanacker 1999; Van

Hemelrijck 1991). Of the 11 trials excluded from the quantitative

analysis, three reported quality of recovery (Brodsky 2005; Larsen

2000; Sukhani 1994); two reported non-severe nausea and vom-

iting (Bloomfield 1988; Lonie 1986); one reported myocardial

ischaemia (Badner 2000); one reported bowel distension (Akca

2004); one reported costs of anaesthesia and postoperative care

(Alhashemi 1997); one reported postoperative pain (Gilani 2008);

one reported postoperative opioid consumption (Lee 2005); and

one reported lung collapse score (Yoshimura 2014).

Excluded studies

We excluded 41 studies after full text assessment. We excluded

six of those studies because they were not RCTs (Antonini 1994;

Barr 1999; Divatia 1996; Dover 1994; Morimoto 1997; Wesner

2005); 11 for including participants aged lower than 18 years

(Jastak 1973; Johnson 1997; Lim 1992; Losasso 1992; Nightingale

1992; Ogg 1983; Rocca 2000; Saïssy 2000; Taki 2003; Towey

1979; Van den Berg 1995); six for including participants not

undergoing general anaesthesia (Atanassoff 1994; Castéra 2001;

Haraguchi 1995; Heath 1996; Kryshtalskyj 1990; Masood 2002);

and 18 for using nitrous oxide in the control group (Atassi 2005;

Bronco 2010; Cheong 2000; Einarsson 1997; Fredman 1998;

Gozdemir 2007; Haessler 1993; Holst 1993; Ishii 1994; Jellish

1996; Nishiyama 1998; Simpson 1977; Sinha 2006; Smith 1993;

Vari 2010; Yamakage 2001; Yang 2004; Zuurmond 1986). See

Characteristics of excluded studies.

Studies awaiting classification

Eight studies are awaiting classification (Adams 1994; Miralles

Pardo 1991; Moussa 1995; Rashchupkin 2011; Röpcke 2001;
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Schaffranietz 2000; Segatto 1993; Shulunov 2002). We were un-

able to obtain full text articles of these eight publications from

our university library, the Danish National Library, and Cochrane

Anaesthesia, Critical and Emergency Care Group members. Of

these eight studies, seven were published in non-English lan-

guages (three studies were in German, two studies were in Rus-

sian, one study was in Italian, and one study was in Spanish). See

Characteristics of studies awaiting classification.

Ongoing studies

We did not identify any ongoing studies.

Risk of bias in included studies

We have summarized our ’Risk of bias’ assessments for each in-

cluded study in Figure 2 and as percentages across all studies in

Figure 3. The details and reasons for each assessment are listed in

the Characteristics of included studies section. Seven studies were

at low risk of bias (Akca 2004; Arellano 2000; ENIGMA II trial

2014; ENIGMA trial 2007; Fleischmann 2005; Lee 2005; Leung

2006).
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Figure 2. ’Risk of bias’ summary: review authors’ judgements about each ’Risk of bias’ item for each

included study.
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Figure 3. ’Risk of bias’ graph: review authors’ judgements about each ’Risk of bias’ item presented as

percentages across all included studies.

Allocation

All included studies mentioned randomization in the method-

ology, but only 16 trials stated the actual method used for ran-

domization (Akca 2004; Alhashemi 1997; Arellano 2000; Badner

2000; Bloomfield 1988; Brodsky 2005; Chen 2013; ENIGMA II

trial 2014; ENIGMA trial 2007; Fleischmann 2005; Lee 2005;

Leung 2006; Mraovic 2008; Myles 2008a; Singh 2011; Yoshimura

2014).

In 23 studies, the trial authors did not give the details of the method

of concealment of allocation, and we categorized these studies as

’unclear’. Concealment was adequate in 12 studies (Akca 2004;

Arellano 2000; Chen 2013; ENIGMA II trial 2014; ENIGMA

trial 2007; Fleischmann 2005; Jensen 1992; Lee 2005; Leung

2006; Myles 2008a; Todd 1993; Vanacker 1999).

Blinding

Participants and personnel were blinded in eight studies (Akca

2004; Arellano 2000; ENIGMA II trial 2014; ENIGMA trial

2007; Fleischmann 2005; Myles 2008a; Pedersen 1993; Singh

2011); four studies were not blinded (Larsen 2000; Paredi 1994;

Sukhani 1994; Van Hemelrijck 1991); and the remaining studies

were unclear.

We have separated ’blinding of outcome assessment (detection

bias)’ by type of outcome as the impact of outcome assessor knowl-

edge of allocation may vary across different outcomes.

We assessed the 13 studies reporting clinical endpoints of inhos-

pital case fatality rate or length of stay as being at a low risk of

detection bias, since the outcome measurements were unlikely to

have been influenced by lack of blinding (Chen 2013; Eger 1990;

ENIGMA II trial 2014; ENIGMA trial 2007; Fleischmann 2005;

Jensen 1992; Jensen 1993a; Krogh 1994; Lampe 1990; Leung

2006; Myles 2008a; Singh 2011; Todd 1993). Of the 32 stud-

ies reporting clinical endpoints of complications, the outcome as-

sessors were blinded in 25 studies (Akca 2004; Alhashemi 1997;

Arellano 2000; Badner 2000; Bloomfield 1988; Brodsky 2005;

Chen 2013; Eger 1990; ENIGMA II trial 2014; ENIGMA trial

2007; Fleischmann 2005; Jensen 1993a; Jensen 1993b; Kozmary

1990; Lampe 1990; Larsen 2000; Lee 2005; Lonie 1986; Mraovic

2008; Paredi 1994; Pedersen 1993; Singh 2011; Sukhani 1994;

Van Hemelrijck 1991; Yoshimura 2014); outcome assessors were

not blinded in one study (Short 1985); and the remaining studies

were unclear (Deleu 2000; Gilani 2008; Jensen 1992; Sengupta

1988; Todd 1993; Vanacker 1999).

Incomplete outcome data

The number of participants entering the trials and the number

subjected to analysis, as mentioned in the results, were the same

in 21 studies (Akca 2004; Alhashemi 1997; Bloomfield 1988;

Brodsky 2005; Gilani 2008; Jensen 1992; Jensen 1993b; Kozmary

1990; Krogh 1994; Lampe 1990; Larsen 2000; Lee 2005; Leung

2006; Lonie 1986; Myles 2008a; Paredi 1994; Sukhani 1994;

Todd 1993; Vanacker 1999; Van Hemelrijck 1991; Yoshimura

2014). Of the 14 studies that had withdrawals, the missing out-

come data was balanced in numbers across the intervention groups.

Nine trials gave similar reasons for missing data across groups

(Arellano 2000; Badner 2000; Chen 2013; ENIGMA II trial 2014;
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ENIGMA trial 2007; Fleischmann 2005; Jensen 1993a; Mraovic

2008; Singh 2011). The remaining five studies had insufficient

information to enable us to form a judgment (Deleu 2000; Eger

1990; Pedersen 1993; Sengupta 1988; Short 1985).

Selective reporting

Two studies, ENIGMA II trial 2014 and ENIGMA trial

2007, were registered on ClinicalTrials.gov (NCT00430989 and

NCT00164047, respectively). The study protocols were available

and all of the pre-specified (primary and secondary) outcomes that

were of interest in the review were reported in the pre-specified

way. Of the 33 studies that had no protocol, one study had not

reported all the pre-specified primary outcomes (Myles 2008a);

and the remaining studies reported all the outcomes described in

their method sections.

Other potential sources of bias

Given the outcomes of interest in this Cochrane review, such as

inhospital death and complications, were at low incidence, most

of the included trials were underpowered for these outcomes. We

assessed this item as high risk in studies that reported the out-

comes of inhospital death or complications, but had fewer than

50 participants per arm (Chaparro 2013). Therefore we assessed

13 studies as at high risk of bias (Chen 2013; Deleu 2000; Jensen

1992; Jensen 1993a; Jensen 1993b; Kozmary 1990; Lampe 1990;

Pedersen 1993; Sengupta 1988; Short 1985; Singh 2011; Vanacker

1999; Van Hemelrijck 1991).

Effects of interventions

See: Summary of findings for the main comparison Summary

of findings’ table 1; Summary of findings 2 ’Summary of findings’

table 2

See: Summary of findings for the main comparison and Summary

of findings 2.

Primary outcomes

1. Inhospital case fatality rate (number or proportion of

deceased participants after a defined period following

anaesthesia)

Eight studies reported inhospital case fatality rate and together in-

cluded 10,148 participants, 73.2% of the total number of partic-

ipants included in this Cochrane review (Chen 2013; Eger 1990;

ENIGMA II trial 2014; ENIGMA trial 2007; Fleischmann 2005;

Lampe 1990; Leung 2006; Todd 1993). Of the included partici-

pants, 5076 (50%) were randomized to a nitrous oxide-based tech-

nique and 5072 (50%) to a nitrous oxide-free technique. Fifty-five

participants died in the nitrous oxide group (1.1%), versus 63 in

the nitrous oxide-free group (1.2%). Pooling of the data showed

this small difference was not statistically significant. The Peto OR

for the outcome of inhospital case fatality rate was 0.87 (95% CI

0.61 to 1.26; P = 0.47) when nitrous oxide was compared with

control (Analysis 1.1). As the 95% CI of Peto OR included both

1.0 and 0.75/1.25, we downgraded the quality of the evidence for

this outcome from high to moderate quality due to ’imprecision’.

We performed subgroup analyses using the prespecified subgroups,

and did not detect any significant differences for the following sub-

group analyses: type of surgery (Analysis 1.10), test for subgroup

differences: Chi² test = 1.02, df = 1 (P value = 0.31); intervention

in the nitrous oxide-free group (Analysis 1.22), test for subgroup

differences: Chi² test = 0.37, df = 1 (P value = 0.54). The test

for subgroup differences was not applicable when we performed

subgroup analysis by concentration of inhaled nitrous oxide. The

results showed no significant difference between high-concentra-

tion nitrous oxide-based group and nitrous oxide-free group on

inhospital case fatality rate (Peto OR 0.86, 95% CI 0.60 to 1.24,

I² statistic = 34%, P value = 0.42; seven studies, 9920 participants;

Analysis 1.18).

The sensitivity analysis performed just including the studies at

low risk of bias (ENIGMA II trial 2014; ENIGMA trial 2007;

Fleischmann 2005; Leung 2006) suggested that the results of meta-

analysis were robust.

As all eight studies had < 10% withdrawals, we did not conduct a

sensitivity analysis excluding studies with > 10% withdrawals.

Secondary outcomes

1. Pulmonary complications

1.1 Pneumonia

Eight studies reported pneumonia and together included 2699

participants, 19.5% of the total number of participants included

in this review (Chen 2013; Eger 1990; Jensen 1992; Jensen 1993a;

Lampe 1990; ENIGMA trial 2007; Singh 2011; Todd 1993). Of

the included participants, 1368 (50.7%) were randomized to a

nitrous oxide-based technique and 1331 (49.3%) to a nitrous ox-

ide-free technique. Thirty-seven participants caught pneumonia

in the nitrous oxide group (2.7%), versus 22 in the nitrous oxide-

free group (1.7%). Pooling of the data showed this small difference

was not statistically significant. The OR for the outcome of pneu-

monia was 1.68 (95% CI 1.00 to 2.81; P = 0.05) when nitrous

oxide was compared with control (Analysis 1.2). As the serious

risk of bias existed among included studies, and the 95% CI of

the OR included both 1.0 and 1.25, we downgraded the quality

of the evidence for this outcome from high to low quality due to

’risk of bias’ and ’imprecision’.

We conducted subgroup analyses using the prespecified subgroups,

but could not perform a subgroup analysis of concentration of
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inhaled nitrous oxide, as all included studies in this analysis used

a high concentration. No significant differences were detected for

the following subgroup analyses: type of surgery (Analysis 1.11),

test for subgroup differences: Chi² test = 0.15, df = 1, P = 0.70;

intervention in the nitrous oxide-free group (Analysis 1.23), test

for subgroup differences: Chi² test = 0.84, df = 1, P = 0.36).

We performed a sensitivity analysis including only the studies at

low risk of bias (ENIGMA trial 2007), which suggested that the

results of meta-analysis were not robust. The results changed from

OR 1.68 (95% CI 1.00 to 2.81) to OR 1.99 (95% CI 1.07 to

3.73).

The sensitivity analysis excluding studies with more than 10%

withdrawals (Singh 2011) suggested that the results of meta-anal-

ysis were robust.

1.2 Pulmonary atelectasis

Five studies reported pulmonary atelectasis and together included

2400 participants, 17.3% of the total number of participants in-

cluded in this review (Eger 1990; Jensen 1993b; Jensen 1992;

Lampe 1990; ENIGMA trial 2007). Of these included partici-

pants, 1222 (50.9%) were randomized to a nitrous oxide-based

technique and 1178 (49.1%) to a nitrous oxide-free technique.

One hundred and fifty participants developed pulmonary atelec-

tasis in the nitrous oxide group (12.3%), versus 93 in the nitrous

oxide-free group (7.9%). Pooling of the data showed this differ-

ence was statistically significant. The odds of pulmonary atelec-

tasis were significantly increased in the nitrous oxide-based group

(OR 1.57, 95% CI 1.18 to 2.10, I² statistic = 48%, P = 0.002;

five studies, 2400 participants; Analysis 1.3). We rated the quality

of the evidence for this outcome as high.

We ran subgroup analyses using the prespecified subgroups, but

could not perform a subgroup analysis by concentration of inhaled

nitrous oxide, as all included studies in this analysis used a high

concentration. No significant differences were detected for the

subgroup analyses by intervention in the nitrous oxide-free group

(Analysis 1.24), test for subgroup differences: Chi² test = 1.24, df

= 1, P = 0.27). The test for subgroup differences was not applicable

when we performed subgroup analysis by type of surgery. The

results showed no significant difference between the two groups

for intra-abdominal surgery (OR 0.16, 95% CI 0.02 to 1.06, I²

statistic = 0%, P value = 0.06; two studies, 102 participants).

The subgroup analysis for neurosurgery was not applicable as no

pulmonary atelectasis was reported in either the nitrous oxide-

based or nitrous oxide-free group (Analysis 1.12).

We performed a sensitivity analysis including only the studies of

low risk of bias (ENIGMA trial 2007), which suggested that the

results of meta-analysis were robust.

As all the five studies had < 10% withdrawals, we did not conduct

a sensitivity analysis excluding studies with > 10% withdrawals.

2. Heart complications

2.1 Myocardial infarction

Six studies reported myocardial infarction and together included

9246 participants, 66.7% of the total number of participants in-

cluded in this review (Chen 2013; Eger 1990; Kozmary 1990;

ENIGMA II trial 2014; ENIGMA trial 2007; Singh 2011). Of the

included participants, 4602 (49.8%) were randomized to a nitrous

oxide-based technique and 4644 (50.2%) to a nitrous oxide-free

technique. Two hundred and thirty-five participants developed

myocardial infarction in the nitrous oxide group (5.1%), versus

236 in the nitrous oxide-free group (5.1%). Pooling of the data

showed no significant difference in the outcome between groups.

The OR for the outcome of myocardial infarction was 1.01 (95%

CI 0.84 to 1.22, P = 0.88) when nitrous oxide was compared with

control (Analysis 1.4). The quality of the evidence for this out-

come was high.

We conducted subgroup analyses using the prespecified subgroups,

but could not perform a subgroup analysis by concentration of

inhaled nitrous oxide, as all included studies in this analysis used

a high concentration. No significant differences were detected for

the subgroup analyses by type of surgery (Analysis 1.13), test for

subgroup differences: Chi² test = 2.55, df = 2, P = 0.28, I² statis-

tic = 21.5%. The test for subgroup differences was not applicable

when we performed subgroup analysis by interventions in the ni-

trous oxide-free group. The results showed no significant differ-

ence between nitrous oxide-based group and volatile anaesthetic-

based group on myocardial infarction (OR 0.96, 95% CI 0.37 to

2.53, I² statistic = 17%, P value = 0.94; four studies, 242 partici-

pants; Analysis 1.25).

We performed a sensitivity analysis including only studies at low

risk of bias (ENIGMA II trial 2014; ENIGMA trial 2007), which

suggested that the results of meta-analysis were robust.

The sensitivity analysis excluding studies with more than 10%

withdrawals (Singh 2011) suggested that the results of meta-anal-

ysis were robust.

3. Neurological complications

3.1 Stroke

Four studies reported stroke and together included 9142 partici-

pants, 65.9% of the total number of participants included in this

review (Deleu 2000; ENIGMA II trial 2014; ENIGMA trial 2007;

Singh 2011). Regarding randomization, 4565 (49.9%) were ran-

domized to a nitrous oxide-based technique and 4577 (50.1%) to

a nitrous oxide-free technique. Thirty-two participants developed

stroke in the nitrous oxide group (0.7%), versus 22 in the nitrous

oxide-free group (0.5%). Pooling of the data showed this small dif-

ference was not statistically significant. The OR for the outcome
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of stroke was 1.47 (95% CI 0.86 to 2.53, P = 0.16) when nitrous

oxide was compared with control, with four studies consisting of

9142 participants being analysed (Analysis 1.5). As the 95% CI

of OR included both 1.0 and 1.25, we downgraded the quality of

the evidence for this outcome from high to moderate quality due

to ’imprecision’.

We performed subgroup analyses using the prespecified subgroups,

and no significant differences were detected for the following sub-

group analyses: type of surgery (Analysis 1.14), test for subgroup

differences: Chi² test = 0.36, df = 1, P = 0.55; intervention in

the nitrous oxide-free group (Analysis 1.26), test for subgroup dif-

ferences: Chi² test = 0.36, df = 1, P value = 0.55. The test for

subgroup differences was not applicable when we performed sub-

group analysis by concentrations of inhaled nitrous oxide. The re-

sults showed no significant difference between high-concentration

nitrous oxide-based group and nitrous oxide-free group on stroke

(OR 1.39, 95% CI 0.80 to 2.42; I² statistic = 0%, P value = 0.24;

three studies, 9091 participants; Analysis 1.19).

The sensitivity analysis just including the studies of low risk of bias

(ENIGMA II trial 2014; ENIGMA trial 2007) suggested that the

results of meta-analysis were robust.

The sensitivity analysis excluding studies with more than 10%

withdrawals (Deleu 2000; Singh 2011) suggested that the results

of meta-analysis were robust.

4. Other complications

4.1 Severe nausea and vomiting

Ten studies reported severe nausea and vomiting and together in-

cluded 11,045 participants, 79.6% of the total number of partic-

ipants included in this Cochrane review (Arellano 2000; Mraovic

2008; ENIGMA II trial 2014; ENIGMA trial 2007; Paredi 1994;

Pedersen 1993; Sengupta 1988; Short 1985; Vanacker 1999; Van

Hemelrijck 1991). Of the included participants, 5579 (50.5%)

were randomized to a nitrous oxide-based technique and 5466

(49.5%) to a nitrous oxide-free technique. Seven hundred and

ninety participants had severe nausea and vomiting in the nitrous

oxide group (14.2%), versus 518 in the nitrous oxide-free group

(9.5%). Pooling of the data showed this small difference was not

statistically significant. The OR for the outcome of severe nausea

and vomiting was 1.44 (95% CI 0.97 to 2.15, P = 0.07) when

nitrous oxide was compared with control (Analysis 1.6). As serious

risk of bias and substantial heterogeneity existed among included

studies, we downgraded the quality of the evidence for this out-

come from high to low quality due to ’risk of bias’ and ’inconsis-

tency’.

We ran subgroup analyses using the prespecified subgroups, and

no significant differences were detected for the following subgroup

analyses: type of surgery (Analysis 1.15), test for subgroup differ-

ences: Chi² test = 2.94, df = 2, P = 0.23); concentration of inhaled

nitrous oxide (Analysis 1.20), test for subgroup differences: Chi²

test = 0.01, df = 1, P = 0.94); intervention in the nitrous oxide-

free group (Analysis 1.27), test for subgroup differences: Chi² test

= 0.22, df = 1, P = 0.64).

The sensitivity analysis just including the studies of low risk of bias

(Arellano 2000; ENIGMA II trial 2014; ENIGMA trial 2007)

suggested that the results of meta-analysis were not robust. The

results changed from OR 1.44 (95% CI 0.97 to 2.15) to OR 1.86

(95% CI 1.10 to 3.16).

The sensitivity analysis excluding studies with more than 10%

withdrawals (Pedersen 1993; Sengupta 1988; Short 1985) sug-

gested that the results of meta-analysis were not robust. The results

changed from OR 1.44 (95% CI 0.97 to 2.15) to OR 1.54 (95%

CI 1.02 to 2.33).

Substantial heterogeneity was found in the outcome (Chi² test =

26.68, df = 9; P = 0.002, I² statistic = 66%) and seemed largely

attributable to type of surgery and techniques used in the nitrous

oxide-free group.

As the outcome included 10 studies, we generated a funnel plot.

The visual inspection of the funnel plot (Figure 4) did not show

asymmetry. Egger’s test was not statistically significant (P = 0.64).
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Figure 4. Funnel plot of comparison: 1 Nitrous oxide-based versus nitrous oxide-free, outcome: 1.6 Severe

nausea and vomiting.

4.2 Venous thromboembolism

Two studies reported venous thromboembolism and together in-

cluded 9004 participants, 64.9% of the total number of partici-

pants included in this review (ENIGMA II trial 2014; ENIGMA

trial 2007). Of the included participants, 4498 (50%) were ran-

domized to a nitrous oxide-based technique and 4506 (50%) to a

nitrous oxide-free technique. Twenty-eight participants developed

venous thromboembolism in the nitrous oxide group (0.6%), ver-

sus 38 in the nitrous oxide-free group (0.8%). Pooling of the data

showed this small difference was not statistically significant. The

OR for the outcome of venous thromboembolism was 0.73 (95%

CI 0.45 to 1.20, P = 0.21) when nitrous oxide was compared with

control (Analysis 1.7). As the 95% CI of OR included both 1.0

and 0.75, we downgraded the quality of the evidence for this out-

come from high to moderate quality for ’imprecision’.

We could not perform subgroup analyses by type of surgery or

intervention in the nitrous oxide-free group, as these were not

reported in the studies. Nor could we perform subgroup analysis

by concentrations of inhaled nitrous oxide, as all included studies

in this analysis used a high concentration.

As all the two studies were of high quality and had < 10% with-

drawals, we did not conduct the sensitivity analysis.

4.3 Wound infection rate

Six studies reported wound infection rate and together included

9789 participants, 70.6% of the total number of participants in-

cluded in this review (Chen 2013; Eger 1990; Fleischmann 2005;

Lampe 1990; ENIGMA II trial 2014; ENIGMA trial 2007). Of

these participants, 4874 (49.8%) were randomized to a nitrous

oxide-based technique and 4915 (50.2%) to a nitrous oxide-free

technique. Regarding wound infection, 471 participants devel-

oped wound infection in the nitrous oxide group (9.7%), versus

434 in the nitrous oxide-free group (8.8%). Pooling of the data

showed this small difference was not statistically significant. The

OR for the outcome of wound infection rate was 1.22 (95% CI

0.84 to 1.78, P = 0.30) when nitrous oxide was compared with

control (Analysis 1.8). As the 95% CI of OR included both 1.0

and 0.75 as well as substantial heterogeneity existed among in-

cluded studies, we downgraded the quality of the evidence for this

outcome from high to low quality for ’imprecision’ and ’inconsis-

tency’.

We ran subgroup analyses using the prespecified subgroups, but

could not conduct a subgroup analysis by concentration of inhaled

nitrous oxide, as all included studies in this analysis used a high

concentration. The test for subgroup differences was not applica-
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ble when we performed subgroup analysis by type of surgery or

interventions in the nitrous oxide-free group. The subgroup anal-

ysis by types of surgery showed no significant difference between

the two groups for intra-abdominal surgery (OR 1.63, 95% CI

0.28 to 9.33, I² statistic = 87%, P = 0.58; two studies, 499 partici-

pants). The subgroup analysis for neurosurgery was not applicable

for no wound infection being reported in either nitrous oxide-

based or nitrous oxide-free group (Analysis 1.16). The subgroup

analysis by interventions in the nitrous oxide-free group showed

no significant difference between nitrous oxide-based group and

volatile anaesthetic-based group (OR 2.13, 95% CI 0.44 to 10.22;

I² statistic = 80%, P = 0.34; four studies, 785 participants; Analysis

1.28).

We performed sensitivity analysis including only the studies at

low risk of bias (ENIGMA II trial 2014; ENIGMA trial 2007;

Fleischmann 2005), which suggested that the results of meta-anal-

ysis were robust.

As all six studies had less than 10% withdrawals, we did not con-

duct the sensitivity analysis excluding studies with more than 10%

withdrawals.

We found substantial heterogeneity in the trials that reported this

outcome (Chi² test = 12.49, df = 4; P = 0.01, I² statistic = 68%),

which did not seem to be attributable to type of surgery, concen-

trations of inhaled nitrous oxide, intervention in the nitrous ox-

ide-free group, or methodological quality of the included studies.

5. Length of stay

5.1 Length of hospital stay

Thirteen studies reported length of hospital stay (Chen 2013;

Eger 1990; Fleischmann 2005; Jensen 1992; Jensen 1993a;

Krogh 1994; Lampe 1990; Leung 2006; ENIGMA II trial 2014;

ENIGMA trial 2007; Myles 2008a; Singh 2011; Todd 1993).

Five studies reported the data as median (interquartile range)

(ENIGMA II trial 2014; ENIGMA trial 2007; Jensen 1993a;

Krogh 1994; Todd 1993) and two studies reported it as a median

(range) value (Jensen 1992; Singh 2011). Only six studies reported

the data as mean (SD), and together included 1103 participants,

8.0% of the total number of participants included in this review

(Chen 2013; Eger 1990; Fleischmann 2005; Lampe 1990; Leung

2006; Myles 2008a). Of these participants, 546 (49.5%) were ran-

domized to a nitrous oxide-based technique and 557 (50.5%) to a

nitrous oxide-free technique. Pooling of the data showed no signif-

icant difference in the outcome between groups. The MD for the

outcome of length of hospital stay was 0.36 days (95% CI -0.69 to

1.40 days, P = 0.50) when nitrous oxide was compared with con-

trol (Analysis 1.9). Due to the substantial heterogeneity between

included studies, we downgraded the quality of the evidence for

this outcome from high to moderate quality for ’inconsistency’.

We conducted subgroup analyses using the prespecified subgroups,

and no significant differences were detected for the subgroup anal-

ysis by type of surgery, test for subgroup differences: Chi² test =

1.46, df = 1, P = 0.23). The test for subgroup differences was not

applicable when we performed subgroup analysis by concentration

of inhaled nitrous oxide and interventions in the nitrous oxide-

free group. The subgroup analysis by concentrations of inhaled

nitrous oxide showed no significant difference between high-con-

centration nitrous oxide-based group and nitrous oxide-free group

(MD 0.45 days, 95% CI -1.03 to 1.93 days; I² statistic = 59%, P =

0.55; six studies, 875 participants; Analysis 1.21). The subgroup

analysis by interventions in the nitrous oxide-free group showed

no significant difference between nitrous oxide-based group and

volatile anaesthetic-based group (MD 0.20 days, 95% CI -0.36 to

0.75 days, I² statistic = 31%, P = 0.49; five studies, 1013 partici-

pants; Analysis 1.29).

The sensitivity analysis including only the studies of low risk of

bias (Fleischmann 2005; Leung 2006) suggested that the results

of meta-analysis were robust.

As all the six studies had less than 10% withdrawals, we did not

conduct sensitivity analysis excluding studies with more than 10%

withdrawals.

We observed substantial heterogeneity for this outcome (Chi² test

= 13.43, df = 6; P value = 0.04, I² statistic = 55%) which seemed

largely attributable to type of surgery and techniques used in the

nitrous oxide-free group.

5.2. Length of ICU stay

Two studies reported length of ICU stay (ENIGMA trial 2007;

Singh 2011). ENIGMA trial 2007 provided only the medians of

the ICU stay, but no interquartile ranges. We contacted the study

authors via email but found the data were skewed. Singh 2011

reported the data of the ICU stay as median (range) values. There-

fore, we did not pool the data. Both trials reported no significant

difference in the length of ICU stay between nitrous oxide-based

group and nitrous oxide-free group.
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A D D I T I O N A L S U M M A R Y O F F I N D I N G S [Explanation]

Nitrous oxide-based compared to nitrous oxide- free for general anaesthesia

Patient or population: adult pat ients 18 years and above undergoing standard general anaesthesia

Settings: operat ing room

Intervention: nitrous oxide-based techniques

Comparison: nitrous oxide-f ree techniques

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

nitrous oxide- free Nitrous oxide-based

Venous thromboem-

bolism

Study population OR 0.73

(0.45 to 1.2)

9004

(2 studies)

⊕⊕⊕©

moderate1

-

8 per 1000 6 per 1000

(4 to 10)

M oderate

11 per 1000 8 per 1000

(5 to 13)

Wound infection rate Study population OR 1.22

(0.84 to 1.78)

9789

(6 studies)

⊕⊕©©

low2,3

-

88 per 1000 106 per 1000

(75 to 147)

M oderate

83 per 1000 99 per 1000

(71 to 139)
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* The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% CI) is based on the assumed

risk in the comparison group and the relative effect of the intervent ion (and its 95% CI).

CI: Conf idence interval; OR: Odds rat io.

GRADE Working Group grades of evidence

High quality: f urther research is very unlikely to change our conf idence in the est imate of ef fect.

M oderate quality: f urther research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: f urther research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: we are very uncertain about the est imate.

1Serious imprecision: 95% CI of OR includes both 1.0 and 0.75. Downgraded by one level.
2Serious inconsistency: substant ial heterogeneity with I² stat ist ic > 50%. Downgraded by one level.
3Serious imprecision: 95% CI of OR includes both 1.0 and 1.25. Downgraded by one level.
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D I S C U S S I O N

Summary of main results

We included a total of 35 trials; seven of which were of low

risk of bias (Akca 2004; Arellano 2000; ENIGMA II trial 2014;

ENIGMA trial 2007; Fleischmann 2005; Lee 2005; Leung 2006).

The meta-analyses revealed that nitrous oxide-based techniques,

compared with nitrous oxide-free techniques, increased the inci-

dence of pulmonary atelectasis but showed no difference in the

inhospital case fatality rate, the incidence of pneumonia, my-

ocardial infarction, stroke, severe nausea and vomiting, venous

thromboembolism, wound infection, or the length of hospital

stay. Compared with nitrous oxide-free techniques, high-concen-

tration nitrous oxide-based techniques increased the incidence of

pulmonary atelectasis. Compared with either propofol-based or

volatile anaesthetic-based anaesthesia, nitrous oxide-based tech-

niques had no significant effects on the inhospital case fatality rate,

complications, or length of stay. The sensitivity analyses suggested

that the results of meta-analyses were all robust except for the out-

comes of pneumonia and severe nausea and vomiting.

Overall completeness and applicability of
evidence

We included 13,872 adult participants, who were of different ASA

status undergoing different surgeries. We compared different con-

centrations of nitrous oxide with nitrous oxide-free anaesthesia,

and also compared nitrous oxide-based anaesthesia with either

propofol-based maintenance of anaesthesia or volatile anaesthetic-

based maintenance of anaesthesia. We paid more attention to end-

points and patient-important outcomes in addressing the question

as to whether nitrous oxide was responsible for clinically significant

adverse events following general anaesthesia. The meta-analyses

results suggest that nitrous oxide results in more complications.

Since the use of nitrous oxide in patients undergoing surgery re-

mains near-routine (de Vasconcellos 2013), this systematic review

may have a wide impact on the conduct of general anaesthesia.

Quality of the evidence

We included 35 RCTs, of which only 16 trials described the meth-

ods for randomization and only 12 concealed the allocation se-

quence. Regarding blinding, eight trials reported they blinded par-

ticipants and personnel, while 25 trials reported they blinded the

outcome assessors. Only seven of the 35 included trials were at

low risk of bias.

We identified substantial heterogeneity in the outcomes of severe

nausea and vomiting, wound infection rate, and hospital stay, so

we downgraded the quality of evidence for inconsistency.

As the 95% CIs of ORs were wide for the outcomes of inhospital

case fatality rate, pneumonia, stroke, venous thromboembolism,

and wound infection rate, we downgraded the quality of evidence

for these outcomes due to imprecision.

Finally, the quality of the evidence for two outcomes (pulmonary

atelectasis, myocardial infarction) was rated as high, four outcomes

(inhospital case fatality rate, stroke, venous thromboembolism,

and length of hospital stay) as moderate, and three (pneumonia,

severe nausea and vomiting, wound infection rate) as low; see

Summary of findings for the main comparison and Summary of

findings 2.

Potential biases in the review process

We conducted this Cochrane review following the guidelines rec-

ommended in the Cochrane Handbook for Systematic Reviews of

Interventions (Higgins 2011) to minimize bias. However, there are

two issues that should be of concern. Firstly, we were unable to

obtain the full texts of eight publications through either our uni-

versity library, the Danish National Library, or Cochrane Anaes-

thesia, Critical or Emergency Care Group members, so we may

have missed potential eligible studies. Therefore selection bias may

exist in our systematic review. Secondly, substantial heterogeneity

was found in the outcome ’wound infection rate’, which was not

explained by either subgroup analyses or sensitivity analyses. The

heterogeneity seemed inexplicable, and we pooled the data using a

random-effects model, which downgraded our confidence in this

result.

Agreements and disagreements with other
studies or reviews

In this Cochrane review we compared nitrous oxide-based tech-

niques with nitrous oxide-free techniques on adult surgical par-

ticipants, to determine whether nitrous oxide was responsible for

clinically significant adverse events following general anaesthesia

and whether nitrous oxide could be avoided. There are also three

systematic reviews comparing general anaesthesia techniques with

or without nitrous oxide but they focus on postoperative nausea

and vomiting and intraoperative awareness. Two of these system-

atic reviews were published in 1996 (Divatia 1996; Tramèr 1996).

Tramèr 1996 analysed the data on 2,478 participants from 24

studies and concluded that omitting nitrous oxide from general

anaesthetics significantly decreased the incidence of postoperative

vomiting for patients at high risk of vomiting preoperatively, but

had no effect on the incidence of nausea. They also found that

omitting nitrous oxide increased the risk of intraoperative aware-

ness. Divatia 1996 included 26 trials and reported that omission of

nitrous oxide reduced the odds of postoperative nausea and vom-

iting by 37%, a reduction in risk of 28%. Fernández-Guisasola

2010 is another systematic review, and unlike the former system-

atic reviews, Fernández-Guisasola 2010 excluded paediatric re-

ports. The authors included 30 studies with 4598 adult partici-
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pants, and concluded that avoiding nitrous oxide reduces the risk

of postoperative nausea and vomiting, especially in women, but

the overall impact was modest. In this Cochrane review we also

evaluated the effects of nitrous oxide on postoperative nausea and

vomiting. However, we focused on the incidence of severe nausea

and vomiting. We found that avoiding nitrous oxide may have

no effects on the incidence of severe nausea and vomiting, but

the sensitivity analysis suggested that the result was not robust.

Imberger 2014 conducted a systematic review with meta-analysis

and trial sequential analysis, focusing on the effects of nitrous ox-

ide on mortality and cardiovascular morbidity. The authors anal-

ysed the data of 13 trials and found that nitrous oxide did not

affect either short term (within 30 days after operation) or long

term (starting from 30 days after operation) mortality. However,

trial sequential analysis demonstrated that the data were far too

sparse to make any conclusions. They did not perform meta-anal-

ysis for cardiovascular complications (i.e. stroke, myocardial in-

farct, pulmonary embolus, cardiac arrest) due to insufficient data.

Consistent with Imberger 2014, we also found that nitrous ox-

ide-based anaesthesia resulted in similar inhospital mortality com-

pared with nitrous oxide-free anaesthesia. Moreover, we pooled

the data of cardiovascular complications (i.e. myocardial infarc-

tion). The results showed no significant difference in the outcome

between groups. The beneficial effects were also explored by sev-

eral studies. When used as one component of general anaesthesia,

nitrous oxide enables a reduction in the requirements for other

agents, which are usually more expensive and could have other

side effects (Becker 2008). Moreover, a follow-up study showed

that nitrous oxide reduced the risk of persistent pain after surgery

(Chan 2011). These outcomes were not assessed in our Cochrane

review but should be taken into consideration in clinical practice.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

This Cochrane review shows that adding nitrous oxide in general

anaesthesia increases the risk of pulmonary atelectasis and may

potentially increase the incidence of pneumonia and severe nausea

and vomiting. However, it also reveals that nitrous oxide neither

increases the risk of death, myocardial infarction, stroke, venous

thromboembolism, wound infection, nor prolongs the hospital

stay. Given the evidence from this review, avoidance of nitrous

oxide may be reasonable in participants with pre-existing poor

pulmonary function or at high risk of postoperative nausea and

vomiting.

Implications for research

Most of the included studies did not report the methods for ran-

domization, allocation concealment, or blinding, which made it

difficult for us to determine their methodological quality. Future

studies would benefit from improved reporting, and we strongly

recommend that future studies be reported according to the CON-

SORT statement (Consolidated Standards of Reporting Trials) (

www.consort-statement.org).

To improve research transparency and ultimately strengthen the

validity and value of the scientific evidence base, study authors are

encouraged to register their clinical trials in the registry platform.

However in this systematic review, only two included trials were

registered (ENIGMA II trial 2014; ENIGMA trial 2007). This

should be improved in any future studies.

In this systematic review we focused on endpoints and patient-

important outcomes, but some studies did not report them, and so

we excluded them from quantitative synthesis. Outcome reporting

is another concern in future studies.

Many outcomes we focused on had a low incidence and were

downgraded for ’imprecision’. Large-scale, multicentre studies are

still needed to enable us to draw a reliable conclusion. Another

approach of study design may be to establish prospective registries

or a multi-database for a large cohort (Khan 2013).

Another suggestion for future studies is that they should pay more

attention to the outcome of economic factors, such as total costs

of hospitalization and costs of nursing after discharge. It could

answer the question whether adding nitrous oxide reduces the total

costs of hospitalization or not.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Akca 2004

Methods Multi-centre RCT

Participants Setting: two Viennese hospitals

Inclusion criteria: ASA I-III patients, 18 to 80 years of age, scheduled for elective colon

resection scheduled to last more than 2 hours

Exclusion criteria: patients with bowel obstruction or having minor colon surgery (e.g.

polypectomy, isolated colostomy)

Participant numbers: 344 randomly assigned; 344 analysed

Interventions Intervention: anaesthetic management was standardized. Sodium thiopental (3 to 5

mg/kg) and vecuronium (0.1 mg/kg) were used for induction; anaesthesia subsequently

was maintained with isoflurane (0.5 to 1.0% in 65% nitrous oxide), vecuronium, and

remifentanil (0.2 mg/kg/min).

Control: anaesthetic management was standardized. Sodium thiopental (3 to 5 mg/

kg) and vecuronium (0.1 mg/kg) were used for induction; anaesthesia subsequently was

maintained with isoflurane (0.5 to 1.0% in air), vecuronium, and remifentanil (0.2 mg/

kg/min)

Outcomes Other outcomes:

Bowel distension

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “Patients were assigned to one of two groups using a

reproducible set of computer-generated random numbers.”

Allocation concealment (selection bias) Low risk Quote: “The assignments were kept in sealed, sequentially num-

bered opaque envelopes that were opened after induction of

anaesthesia.”

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Quote: “Great care was exercised to prevent the surgeons from

observing the administered gas mixture.”

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -
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Akca 2004 (Continued)

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “The rater was blinded to anaesthesia management.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias Low risk No other potential sources of bias were detected.

Alhashemi 1997

Methods Single-centre RCT

Participants Setting: the Ottawa General Hospital, Canada

Inclusion criteria: ASA I-II patients, scheduled to undergo arthroscopic knee surgery,

and electing general anaesthesia

Exclusion criteria: patient preference for regional anaesthesia; age < 20 or > 60 years;

body mass index either < 20 or > 30 kg/m²; current or chronic use of benzodiazepines

or other sedative-hypnotics; excessive alcohol intake; moderate or severe cardiac or res-

piratory disease; severe or uncontrolled hypertension; known allergy to any of the study

medications; or chronic use of drugs known to interfere with the metabolism or clinical

effects of the study medications

Participant numbers: 93 randomly assigned; 93 analysed

Interventions Intervention: patients received nitrous oxide 70% supplemented with isoflurane 0.5 to

1.0% or with intermittent boluses of 7 to 15 µg/kg iv alfentanil every 10 to 15 min.

Control: patients received intermittent boluses of 7 to 15 µg/kg iv alfentanil every 10

to 15 min in conjunction with a continuous infusion of propofol

Outcomes Other outcomes:

Costs of anaesthesia and postoperative care

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “Patients were allocated according to a computer gener-

ated randomization schedule.”

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk No details given.
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Alhashemi 1997 (Continued)

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “Blinding was achieved by precluding the trained ob-

server, who recorded all post-operative data, from gaining any

knowledge of the intra-operative anaesthetic care.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias Low risk No other potential sources of bias were detected.

Arellano 2000

Methods Multi-centre RCT

Participants Setting: Toronto General Hospital, Toronto Western Hospital, North York General

Hospital and Women’s College Hospital, Canada

Inclusion criteria: ASA I-II patients, aged 18 to 55 years, undergoing termination of

pregnancy and laparoscopy

Exclusion criteria: patients undergoing other ambulatory gynaecologic procedures;

there was a history of psychiatric disease, narcotic/sedative use, drug abuse, or morbid

obesity (> 30% above ideal body weight)

Participant numbers: 1490 randomly assigned; 1417 analysed

Interventions Intervention: for patients undergoing termination of pregnancy, they received fentanyl

0.7 mg/kg intravenously. After denitrogenation of the lungs with 100% oxygen, 20 mg

lidocaine and 2.0 mg/kg propofol were infused intravenously over 40 s with further in-

crements of propofol titrated to loss of lid reflex. Nitrous oxide and oxygen 65% to 35%

were administered by mask. Anaesthesia was maintained with intermittent bolus doses

of 20 mg propofol in response to clinical signs of light anaesthesia (movement, tearing,

or phonation in response to surgical stimuli, or increases in blood pressure, pulse rate, or

respiratory rate of ≥ 20%). For patients undergoing laparoscopy, they received fentanyl

1.5 mg/kg and d-tubocurare 3 mg intravenously. After denitrogenation of the lungs with

100% oxygen, 20 mg lidocaine and 2 mg/kg propofol were infused intravenously over

40 s with further increments of propofol titrated to loss of lid reflex. After the adminis-

tration of succinylcholine 1.5 mg/kg intravenously, subjects were intubated orally. After

induction, patients were paralysed with 0.075 to 0.1 mg/kg vecuronium intravenously

and mechanically ventilated. Patients received 65% nitrous oxide-35% oxygen and the

anaesthesia was maintained with an infusion of propofol 100 to 200 µg/kg/min sup-

plemented by intermittent bolus doses of 20 mg propofol in response to clinical signs

of light anaesthesia (movement or tearing in response to surgical stimuli or increases in

blood pressure, or pulse rate of ≥ 20%). At the end of surgery, neuromuscular blockade

was reversed with atropine 0.02 mg/kg and neostigmine 0.04 mg/kg.
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Arellano 2000 (Continued)

Control: for patients undergoing termination of pregnancy, they received fentanyl 0.

7 mg/kg intravenously. After denitrogenation of the lungs with 100% oxygen, 20 mg

lidocaine and 2.0 mg/kg propofol were infused intravenously over 40 s with further

increments of propofol titrated to loss of lid reflex. 100% oxygen were administered

by mask. Anaesthesia was maintained with intermittent bolus doses of 20 mg propofol

in response to clinical signs of light anaesthesia (movement, tearing, or phonation in

response to surgical stimuli, or increases in blood pressure, pulse rate, or respiratory rate

of ≥ 20%). For patients undergoing laparoscopy, they received fentanyl 1.5 mg/kg and

d-tubocurare 3 mg intravenously. After denitrogenation of the lungs with 100% oxygen,

20 mg lidocaine and 2 mg/kg propofol were infused intravenously over 40 s with further

increments of propofol titrated to loss of lid reflex. After the administration of succinyl-

choline 1.5 mg/kg intravenously, subjects were intubated orally. After induction, patients

were paralysed with 0.075 to 0.1 mg/kg vecuronium intravenously and mechanically

ventilated. Patients received 100% oxygen and the anaesthesia was maintained with an

infusion of propofol 100 to 200 µg/kg/min supplemented by intermittent bolus doses

of 20 mg propofol in response to clinical signs of light anaesthesia (movement or tearing

in response to surgical stimuli or increases in blood pressure, or pulse rate of ≥ 20%).

At the end of surgery, neuromuscular blockade was reversed with atropine 0.02 mg/kg

and neostigmine 0.04 mg/kg

Outcomes Secondary outcomes:

Severe nausea and vomiting: no specific definition

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “Patients were randomly allocated by computer-gener-

ated random numbers in blocks of four, and stratification by

hospital site and surgical procedure.”

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

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Quote: “The personnel were not blinded to treatment allocation

to ensure safe anaesthetic care. Biased administration of the aes-

thetics and unblinding of the research assistants were prevented

by the following: (1) pre-enrolment training of anaesthesiolo-

gists to standardize anaesthetic administration; (2) random visits

by the principal investigator to discuss the anaesthetic protocol

with the anaesthesiologists; (3) ongoing review of the anaesthetic

study sheets by the principal investigator; (4) restricting the re-

search assistants from access to the operating rooms or patients’

charts.”

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -
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Arellano 2000 (Continued)

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “Four research assistants blinded to treatment allocation

postoperative data.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing outcome data balanced in numbers across intervention

groups, with similar reasons for missing data across groups

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias Low risk No other potential sources of bias were detected.

Badner 2000

Methods Single-centre RCT

Participants Setting: McMaster University, Canada

Inclusion criteria: ASA I-III patients, age > 18 years, presenting for elective carotid

endarterectomy

Exclusion criteria: patients were excluded if they had received an anaesthetic within 30

days before their scheduled surgery, if they were currently taking medications known to

affect plasma homocysteine (vitamins B12 and B6, folic acid, penicillamine, methotrexate,

azaurodine, isoniazid, cycloserine, phenelzine, or procarbazine); if they were vitamin B12

or folate deficient, malnourished or cirrhotic; or if they had a pace-maker or left bundle

branch block on electrocardiogram (ECG)

Participant numbers: 90 randomly assigned; 86 analysed

Interventions Intervention: anaesthesia was maintained with opioid (fentanyl or sufentanil), isoflu-

rane, and nitrous oxide/oxygen (inspired nitrous oxide 50%).

Control: anaesthesia was maintained with opioid (fentanyl and sufentanil), isoflurane,

and oxygen/air

Outcomes Other outcomes:

Myocardial ischaemia

Notes Four patients did not complete the 48-h study period, two required reoperation for

hematoma formation (both non-nitrous oxide), and two patients had Holter monitoring

inappropriately discontinued (one from each group)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “Patients were randomized using a computer-generated

random number table.”

Allocation concealment (selection bias) Unclear risk No details given.
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Badner 2000 (Continued)

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk This was not reported.

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “Myocardial ischemia was determined by a blinded tech-

nician.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing outcome data balanced in numbers across intervention

groups, with similar reasons for missing data across groups

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias Low risk No other potential sources of bias were detected.

Bloomfield 1988

Methods Single-centre RCT

Participants Setting: the University of Colorado Health Science Center, USA

Inclusion criteria: ASA I-II patients, aged 18 to 60 years

Participant numbers: 63 randomly assigned; 63 analysed

Interventions Intervention: nitrous oxide/oxygen and 0.25% isoflurane with or without sufentanil

Control: oxygen and 0.5% isoflurane with or without sufentanil

Outcomes Other outcomes:

Non-severe nausea and vomiting

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “Patients were allocated using random number tables.”

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk This was not reported.
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Bloomfield 1988 (Continued)

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “Nausea and vomiting were recorded by an observer

unaware of the anaesthetic technique used.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias Low risk No other potential sources of bias were detected.

Brodsky 2005

Methods Single-centre RCT

Participants Setting: Stanford University Medical Center, USA

Inclusion criteria: patients undergoing either laparoscopic Roux-en-Y gastric bypass or

gastric banding operations

Participant numbers: 50 randomly assigned; 50 analysed

Interventions Intervention: the lungs of patients were ventilated with the volatile anaesthetic, oxygen

(50%) and nitrous oxide (50%).

Control: the lungs of patients were ventilated with the volatile anaesthetic, oxygen (50%)

and air

Outcomes Other outcomes:

Quality of recovery

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “A randomization table was used to assign each patient

to one of two groups.”

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk This was not reported.
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Brodsky 2005 (Continued)

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “The surgeon was blinded as to whether the patient was

receiving air or nitrous oxide, was asked whether nitrous oxide

was being used.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias Low risk No other potential sources of bias were detected.

Chen 2013

Methods Single-centre RCT

Participants Setting: Prince of Wales Hospital, Hong Kong, China

Inclusion criteria: ASA I-IV patients, aged > 18 years, scheduled for elective open

colorectal surgery

Exclusion criteria: patients with ongoing infection and those with fever in the 24 h

before surgery; patients with marked impairment of gaseous exchange; surgery for which

primary wound closure; in the opinion of the attending anaesthesiologist that nitrous

oxide administration was contraindicated

Participant numbers: 93 randomly assigned; 91 analysed

Interventions Intervention: anaesthesia was induced with propofol 1 to 2.5 mg/kg. Patients received

sevoflurane targeted to achieve a bispectral index value between 40 and 60. Intraoperative

analgesia was provided by remifentanil infusion 0.1 to 0.5 µg/kg/min and intravenous

morphine 0.1 to 0.15 mg/kg, 30 min before completion. Muscle relaxation was facilitated

by rocuronium. The lungs were ventilated through a tracheal tube using 70% nitrous

oxide and 30% oxygen.

Control: anaesthesia was induced with propofol 1 to 2.5 mg/kg. Patients received sevoflu-

rane targeted to achieve a bispectral index value between 40 and 60. Intraoperative anal-

gesia was provided by remifentanil infusion 0.1 to 0.5 µg/kg/min and intravenous mor-

phine 0.1 to 0.15 mg/kg, 30 min before completion. Muscle relaxation was facilitated by

rocuronium. The lungs were ventilated through a tracheal tube using either 30% oxygen

with 70% nitrogen or 80% oxygen with 20% nitrogen

Outcomes Primary outcomes:

Inhospital case fatality rate

Secondary outcomes:

Myocardial infarction:

The diagnosis of myocardial infarction required any one of the following criteria:

• 1. A typical rise in troponin or a typical fall in an increased troponin detected at

its peak after surgery in a patient without a documented alternative explanation for an
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increased troponin measurement (e.g. pulmonary embolism).

This criterion also required that one of the following must also exist:

• ◦ A. Ischaemic signs or symptoms (i.e., chest, arm, neck, or jaw discomfort;

shortness of breath; and pulmonary oedema);

◦ B. Development of pathologic Q waves present in any two contiguous leads

that are ≥30 ms;

◦ C. ECG changes indicative of ischaemia (ST segment increase [≥2 mm in

leads V1, V2, or V3; or ≥1 mm in the other leads], ST segment depression [≥1 mm],

or symmetric inversion of T waves ≥1 mm) in at least two contiguous leads;

◦ D. Coronary artery intervention (i.e., percutaneous coronary intervention or

coronary artery bypass graft surgery);

◦ E. New or presumed new cardiac wall motion abnormality on

echocardiography or new or presumed new fixed defect on radionuclide imaging.

• 2. Pathologic findings of an acute or healing myocardial infarction.

• 3. Development of new pathologic Q waves on an ECG if troponin levels were

not obtained or were obtained at times that could have missed the clinical event.

Pneumonia:

The definition of pneumonia required any one of the following criteria:

• 1. Rales or dullness to percussion on physical examinations of chest AND any of

the following:

◦ A. New onset of purulent sputum or change in character of sputum;

◦ B. Isolation of organism from blood culture;

◦ C. Isolation of pathogen from specimen obtained by transtracheal aspirate,

bronchial brushing, or biopsy.

• 2. Chest radiography showing new or progressive infitrate, consolidation,

cavitation, or pleural effusion AND any of the following:

◦ A. New onset of purulent sputum or change in character of sputum;

◦ B. Isolation of organism from blood culture;

◦ C. Isolation of pathogen from specimen obtained by transtracheal aspirate,

bronchial brushing, or biopsy;

◦ D. Isolation of virus or detection of viral antigen in respiratory secretions;

◦ E. Diagnostic single-antibody titer or four-fold increase in paired serum

samples for pathogen;

◦ F. Histopathologic evidence of pneumonia.

Wound infection: diagnosed by ASEPSIS > 20

Length of hospital stay

Notes Two patients were excluded after randomization because their surgeries were cancelled

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “Patients were randomly allocated from a computer-

generated list.”

Allocation concealment (selection bias) Low risk The random sequence was accessed through an intranet system.
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Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk This was not reported.

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Low risk The outcome measurement is not likely to be influenced by lack

of blinding

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “The complications were examined by ward medical staff

who were unaware of the allocated group identity.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing outcome data balanced in numbers across intervention

groups, with similar reasons for missing data across groups

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias High risk Fewer than 50 participants per arm.

Deleu 2000

Methods Single-centre RCT

Participants Setting: a hospital in Sultanate of Oman

Inclusion criteria: patients aged 55 years or above undergoing ophthalmic surgery

Exclusion criteria: patients had suffering from any major organ failure; patients had

clinical signs or symptoms of cobalamin or folate deficiency; patients had macrocytosis

(mean corpuscular volume lower than 96 fl) or anaemia (haematocrit higher than 0.

30); or patients had cobalamin and/or folate substitution therapy during the preceding

months

Participant numbers: 69 randomly assigned; 51 analysed

Interventions Intervention: patients were premedicated with midazolam 5 to 7.5 mg by mouth 1 h

before being transferred to the operating theatre. Anaesthesia was induced and main-

tained nitrous oxide-based with propofol.

Control: patients were premedicated with midazolam 5 to 7.5 mg by mouth 1 h before

being transferred to the operating theatre. Anaesthesia was induced and maintained

nitrous oxide-free with propofol

Outcomes Secondary outcomes:

Stroke: new neurological signs (paralysis, weakness or speech difficulties) that persisted

for 24 hours

Notes 18 patients were either lost to follow-up (n = 6), had one or more laboratory values

missing (n = 9) or had taken folic acid or cobalamin-containing vitamins during the

interval between surgery and re-evaluation (n = 3)
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Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk Described as double-blind but no further details.

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -

Blinding of outcome assessment (detection

bias)

Complications

Unclear risk Described as double-blind but no further details.

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Insufficient information.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias High risk Fewer than 50 participants per arm.

Eger 1990

Methods Single-centre RCT

Participants Setting: a hospital in San Francisco, USA

Inclusion criteria: patients scheduled for elective total hip arthroplasty, carotid en-

darterectomy, or transsphenoidal hypophysectomy

Participant numbers: 270 randomly assigned; 260 analysed

Interventions Intervention: patients received isoflurane, thiopental, vecuronium and 60% nitrous

oxide/40% oxygen. The concentration of isoflurane was determined by the attending

anaesthesiologist. Fentanyl and edrophonium/atropine were administered at the anaes-

thesiologist’s discretion. Ventilation was controlled, and total gas flows of 5 L/min were

maintained throughout surgery.

Control: patients received isoflurane, thiopental, vecuronium and 100% oxygen. The

concentration of isoflurane was determined by the attending anaesthesiologist. Fentanyl

and edrophonium/atropine were administered at the anaesthesiologist’s discretion. Ven-

tilation was controlled, and total gas flows of 5 L/min were maintained throughout

surgery

42Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Eger 1990 (Continued)

Outcomes Primary outcomes:

Inhospital case fatality rate

Secondary outcomes:

Pneumonia: based on chest x-ray

Pulmonary atelectasis: based on chest x-ray

Myocardial infarction: new abnormalities in postoperative creatine kinase isoenzymes or

Q-wave development

Wound infection: determined by the surgeon in the setting of suspected infection

Length of hospital stay

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk This was not reported.

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Low risk Quote: “All data collection, analysis, and patient interviews were

performed by medical personnel blinded to the anaesthetic reg-

imen.”

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “All data collection, analysis, and patient interviews were

performed by medical personnel blinded to the anaesthetic reg-

imen.”

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Insufficient information.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias Low risk No other potential sources of bias were detected.

ENIGMA II trial 2014

Methods Multicentre RCT

Participants Setting: 45 participating centres from 10 countries

Inclusion criteria:

1. Adult males and females age ≥ 45 years, undergoing noncardiac surgery and

general anaesthesia expected to exceed two hours.
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ENIGMA II trial 2014 (Continued)

2. At increased risk of cardiac events, defined as any of

i) History of coronary artery disease as defined by a history of any one of the

following: i. angina ii. MI iii. segmental wall motion abnormality on echocardiography

or a fixed defect on radionuclide imaging iv. a positive exercise stress test for cardiac

ischaemia v. a positive radionuclide exercise, echocardiographic exercise, or

pharmacological cardiovascular stress test for cardiac ischaemia vi. coronary

revascularization (CABG or PTCA) vii. angiographic evidence of atherosclerotic

stenosis > 50% of the diameter of any coronary artery viii. ECG with pathological Q

waves in two contiguous leads;

ii) Heart failure;

iii) Cerebrovascular disease thought due to atherothrombotic disease;

iv) Aortic or peripheral vascular disease;

v) Or three or more of the following risk factors:

⋄ Age ≥ 70 years;

⋄ Any history of congestive heart failure;

⋄ Diabetes and currently on an oral hypoglycaemic agent or insulin

therapy;

⋄ Current treatment for hypertension;

⋄ Preoperative serum creatinine > 175 µmol/L (> 2.0 mg/dL);

⋄ Current or previous high cholesterol ≥ 6.2 mmol/L (> 240 mg/dL);

⋄ History of a TIA (i.e. a transient focal neurological deficit that lasted

less than 24 hours and thought to be vascular in origin);

⋄ Emergency/urgent surgery (i.e. surgery which must be undertaken

within 24 hours of acute presentation to hospital);

⋄ High-risk type of surgery (i.e. intrathoracic or intraperitoneal).

Exclusion criteria:

1. Having cardiac surgery.

2. Marked impairment of gas-exchange expected to require FiO2> 0.5

intraoperatively.

3. Specific circumstances where nitrous oxide is contraindicated (e.g. volvulus,

pulmonary hypertension, raised intracranial pressure) or the anaesthetist plans to use

supplemental oxygen (e.g. colorectal surgery).

4. Nitrous oxide unavailable for use.

Participant numbers: 7112 randomly assigned; 6992 analysed

Interventions Intervention: 70% nitrous oxide

Control: no nitrous oxide

Outcomes Primary outcomes:

The primary endpoint is a composite of death and cardiovascular events (clinical and

silent MI, cardiac failure, cardiac arrest, pulmonary embolism, and stroke) measured at

30 days after surgery.

Secondary outcomes:

Myocardial infarction:

• A typical rise of troponin or a typical fall of an elevated troponin with at least one

value above the 99th percentile of the upper reference limit, detected at its peak-post

surgery in a patient without a documented alternative explanation for an elevated

troponin (e.g. pulmonary embolism). This criterion also requires that 1 of the
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following must also exist: a) ischaemic signs or symptoms (i.e., chest, arm, neck, or jaw

discomfort; shortness of breath, pulmonary edema); b) development of pathologic Q

waves present in any two contiguous leads that are > 30 milliseconds; c) ECG changes

indicative of ischaemia (i.e. ST segment elevation [> 2 mm in leads V1, V2, or V3; or >

1 mm in the other leads], ST segment depression [> 1 mm], or symmetric inversion of

T waves > 1 mm) in at least two contiguous leads; d) coronary artery intervention (i.e.

PCI or CABG surgery); e) new or presumed new cardiac wall motion abnormality on

echocardiography or new or presumed new fixed defect on radionuclide imaging.

• Pathologic findings of an acute or healing myocardial infarction.

• Development of new pathological Q waves on an ECG if troponin levels were not

obtained or were obtained at times that could have missed the clinical event.

Wound infection

At least one of the following:

• Purulent drainage from the incision.

• Positive microbial culture from the incision.

• Documentation of a wound infection in the medical record.

Stroke

• New cerebral infarction or haemorrhage on CT scan, MRI or documented new

neurological signs (paralysis, weakness or speech difficulties) lasting more than 24

hours or leading to earlier death (confirmed by a copy of the autopsy report or in the

medical record).

Severe nausea and vomiting

• At least two separate episodes of nausea or vomiting greater than six hours apart,

or if requiring three or more doses of antiemetic medication, within three days after

surgery.

Pulmonary embolism

• A high probability VQ scan, spiral CT or documented on pulmonary angiogram;

or pathological findings (with autopsy).

Hospital stay

Notes ClinicalTrials.gov identifier: NCT00430989

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “Randomization was done with a computer-generated

code.”

Allocation concealment (selection bias) Low risk Quote: “Randomization sequence was accessed via an automated

telephone voice-recognition service.”

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Quote: “The attending anaesthetists were aware of the patients’

group assignments, but the patients, their surgical team were

not.”

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Low risk Quote: “The postoperative interviewers, and endpoint adjudi-

cators were unaware of the patients’ group assignments.”
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Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “The postoperative interviewers, and endpoint adjudi-

cators were unaware of the patients’ group assignments.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing outcome data balanced in numbers across intervention

groups, with similar reasons for missing data across groups

Selective reporting (reporting bias) Low risk Protocol was registered as NCT00430989 and outcomes were

reported

Other bias Low risk No other potential sources of bias were detected.

ENIGMA trial 2007

Methods Multi-centre RCT

Participants Setting: 19 hospitals from 6 countries

Inclusion criteria: patients were aged 18 years or older, were scheduled to undergo

general anaesthesia for surgery that included a skin incision and that was anticipated to

exceed 2 h, and were expected to be in the hospital for at least 3 days after surgery

Exclusion criteria: patients undergoing cardiac surgery, or thoracic surgery requiring

one-lung ventilation; patients that the anaesthesiologist considered that nitrous oxide

was contraindicated (e.g. a history of post-operative emesis or if the anaesthesiologist

wanted to use supplemental oxygen for colorectal surgery)

Participant numbers: 2050 randomly assigned; 2012 analysed

Interventions Intervention: patients were administered a gas mixture of 70% nitrous oxide with 30%

oxygen after induction of anaesthesia and until completion of surgery.

Control: patients were administered a gas mixture of 80% oxygen with 20% nitrogen

after induction of anaesthesia and until completion of surgery

Outcomes Primary outcomes:

Inhospital case fatality rate

Secondary outcomes:

Pneumonia: radiologic infiltrate confirmed by chest x-ray or computed tomography, in

association with at least one of the following: temperature greater than 38°C, leukocyte

count greater than 12,000/mL, or positive sputum culture that was not heavily contam-

inated with oral flora or that corresponded with positive blood cultures

Pulmonary atelectasis: confirmed by chest x-ray or computed tomography

Myocardial infarction: confirmed by ECG and/or troponin or CK-MB enzyme rise

Stroke: a new neurological deficit persisting for 24 hours, confirmed by neurologist

assessment and/or computed tomography scan or magnetic resonance imaging

Severe nausea and vomiting: at least 2 episodes > 6 hrs apart, or if requiring > 2 doses of

antiemetic medication

Venous thromboembolism: symptomatic deep venous thrombosis, confirmed by venog-

raphy, duplex ultrasonography, V-Q scan or spiral computed tomography, or autopsy

Wound infection: if associated with purulent discharge or a positive microbial culture

Length of hospital stay
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Length of ICU stay

Notes ClinicalTrials.gov identifier: NCT00164047

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “Patients were randomly assigned using a computer-gen-

erated code.”

Allocation concealment (selection bias) Low risk Quote: “The random sequence was accessed via an automated

telephone voice recognition service.”

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Quote: “All research staff, including those responsible for post-

operative data collection and outcome assessment, were pre-

cluded by protocol from accessing the anaesthetic record and so

were blinded to group identity.”

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Low risk Quote: “All research staff, including those responsible for post-

operative data collection and outcome assessment, were pre-

cluded by protocol from accessing the anaesthetic record and so

were blinded to group identity.”

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “All research staff, including those responsible for post-

operative data collection and outcome assessment, were pre-

cluded by protocol from accessing the anaesthetic record and so

were blinded to group identity.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing outcome data balanced in numbers across intervention

groups, with similar reasons for missing data across groups

Selective reporting (reporting bias) Low risk Protocol was registered as NCT00164047 and outcomes were

reported

Other bias Low risk No other potential sources of bias were detected.

Fleischmann 2005

Methods Multi-centre RCT

Participants Setting: three hospitals in Austria and Hungary

Inclusion criteria: 418 ASA I-III patients, aged 18 to 80 years, scheduled for elective

colon resection expected to last more than 2 h

Exclusion criteria: patients with acute bowel obstruction or those having minor colon

surgery (e.g. polypectomy, isolated colostomy); patients in whom the surgeon did not

anticipate primary wound closure; patients with a history of fever or infection within 24

h of surgery

47Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Fleischmann 2005 (Continued)

Participant numbers: 418 randomly assigned; 408 analysed

Interventions Intervention: anaesthetic management was standardized. Thiopental sodium (3 to 5

mg/kg) or propofol (2 to 3 mg/kg), fentanyl (1 to 3 µg/kg), and vecuronium (0.1 mg/kg)

or rocuronium (0.6 mg/kg) were used for induction; anaesthesia was maintained with

isoflurane (0.6%) in 65% nitrous oxide, with vecuronium or rocuronium. An infusion

of remifentanil (0.2 µg/kg/min) was subsequently started.

Control: anaesthetic management was standardized. Thiopental sodium (3 to 5 mg/

kg) or propofol (2 to 3 mg/kg), fentanyl (1 to 3 µg/kg), and vecuronium (0.1 mg/

kg) or rocuronium (0.6 mg/kg) were used for induction; anaesthesia was maintained

with isoflurane (0.6%) in nitrogen, with vecuronium or rocuronium. An infusion of

remifentanil (0.2 µg/kg/min) was subsequently started

Outcomes Primary outcomes:

Inhospital case fatality rate

Secondary outcomes:

Wound infection: pus was expressed from the surgical incision or aspirated from a loc-

ulated mass inside the wound; the culture of pus was positive for pathogenic bacteria

Length of hospital stay

Notes The data cover sheets were lost for 4 patients; thus, their group assignment was unknown.

Surgical complications occurred in 2 patients in the nitrous oxide group that required

stopping the study. 4 patients in the nitrogen group were excluded from the analysis:

1 patient was excluded when the attending physician refused to allow the patient to

participate; the other 3 patients that were excluded did not meet the inclusion criteria

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “The assignments were based on computer-generated

random numbers.”

Allocation concealment (selection bias) Low risk Quote: “The random sequence was kept in sealed, sequentially

numbered envelopes until used.”

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Quote: “Patients were not informed of their group assignments.

”

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Low risk The outcome measurement is not likely to be influenced by lack

of blinding

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “Surgical wounds were examined daily by a physician

unaware of group assignment.”
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Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing outcome data balanced in numbers across intervention

groups, with similar reasons for missing data across groups

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias Low risk No other potential sources of bias were detected.

Gilani 2008

Methods Single-centre RCT

Participants Setting: King Fahad National Guard Hospital, Saudi Arabia

Inclusion criteria: patients above age of 18 years undergoing various elective and emer-

gency surgical procedures under general anaesthesia

Exclusion criteria: patients undergoing cardiac surgery or thoracic surgery

Participant numbers: 200 randomly assigned; 200 analysed

Interventions Intervention: general anaesthesia was maintained by 40% oxygen (FiO2 0.4) with ni-

trous oxide and volatile anaesthetic sevoflurane (MAC 1.2-1.3) through oral endotra-

cheal tube or laryngeal mask depending on the type of surgery. All patients received

standard anaesthetic care and monitoring.

Control: general anaesthesia was maintained by 40% oxygen (FiO2 0.4) with air and

volatile anaesthetic sevoflurane (MAC 1.2-1.3) through oral endotracheal tube or laryn-

geal mask depending on the type of surgery. All patients received standard anaesthetic

care and monitoring

Outcomes Other outcomes:

Postoperative pain

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk This was not reported.

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -
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Blinding of outcome assessment (detection

bias)

Complications

Unclear risk This was not reported.

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias Low risk No other potential sources of bias were detected.

Jensen 1992

Methods Single-centre RCT

Participants Setting: University Hospital Linköping, Linköping, Sweden

Inclusion criteria: patients aged 18 to 85 years, scheduled for intraabdominal operations

of the colon and rectum

Participant numbers: 60 randomly assigned; 60 analysed

Interventions Intervention: two anaesthetic protocols were used for induction and maintenance of

anaesthesia. In protocol 1, patients received thiopentone 4 mg/kg and fentanyl 2 µg/

kg intravenous for induction of anaesthesia; additional thiopentone was given if needed.

During the operation the lungs were ventilated with isoflurane and 30% oxygen in

nitrous oxide; fentanyl intravenous was added in amounts to ensure adequate anaesthesia.

Whenever needed, the inhaled concentration of isoflurane was changed based on the

use of precisely defined clinical signs of inadequate anaesthesia. In protocol 2, patients

received a modified total intravenous anaesthesia; Propofol 2 mg/kg intravenous was

given for induction of sleep and an infusion of propofol was given at a rate of 6 mg/kg/

h for the first 30 min and then reduced to 4 mg/kg/h. Fentanyl was given for induction

in a bolus dose of 2 µg/kg, followed by an infusion of 5 µg/kg/h. After 30 rain, this

infusion rate was reduced to 2.5 µg/kg/h. During anaesthesia the lungs of these patents

were ventilated with 30% oxygen in nitrous oxide. Whenever needed, the infusion rates

of both propofol and fentanyl was changed based on the use of precisely defined clinical

signs of inadequate anaesthesia.

Control: patients received total intravenous anaesthesia, with sleep induction by propofol

2 mg/kg followed immediately by an initial infusion of 9 mg/kg/h of propofol, reduced

to 6 mg/kg/h after 30 min. Fentanyl was given in a bolus dose of 2 µg/kg, followed by

an infusion of 7.5 µg/kg/h. The rate of fentanyl infusion was reduced after 30 min to 3.

75 µg/kg/h. Ventilation was with oxygen in air to give an inspiratory fraction of oxygen

of 0.3. Whenever needed, the infusion rates of both propofol and fentanyl was changed

based on the use of precisely defined clinical signs of inadequate anaesthesia

Outcomes Secondary outcomes:

Pneumonia: no specific definition

Pulmonary atelectasis: no specific definition

Length of hospital stay
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Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.

Allocation concealment (selection bias) Low risk Quote: “A set of numbered envelopes was used.”

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk The patients were blinded, but insufficient information on the

personnel

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Low risk The outcome measurement is not likely to be influenced by lack

of blinding

Blinding of outcome assessment (detection

bias)

Complications

Unclear risk Insufficient information.

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias High risk Fewer than 50 participants per arm.

Jensen 1993a

Methods Single-centre RCT

Participants Setting: University Hospital Linköping, Linköping, Sweden

Inclusion criteria: patients > 18 years, scheduled for laparoscopic cholecystectomy

Participant numbers: 42 randomly assigned; 42 analysed for the outcome of pneumonia;

40 analysed for the outcome of length of hospital stay

Interventions Intervention: patients received meperidine 1 mg/kg and atropine 6 µg/kg im for pre-

medication approximately 45 min prior to anaesthetic induction. Anaesthesia was in-

duced intravenously with fentanyl 2 µg/kg, and thiopental 4 to 6 mg/kg was adminis-

tered until loss of eyelash reflex. Tracheal intubation was facilitated by the use of suc-

cinylcholine 1 mg/kg after pretreatment with vecuronium 1 mg. The patients received

isoflurane with nitrous oxide in oxygen for maintenance of anaesthesia. An inspiratory

fraction of oxygen of 0.3 was used.

Control: patients received meperidine 1 mg/kg and atropine 6 µg/kg im for premed-
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ication approximately 45 min prior to anaesthetic induction. Anaesthesia was induced

intravenously with fentanyl 2 µg/kg, and thiopental 4 to 6 mg/kg was administered until

loss of eyelash reflex. Tracheal intubation was facilitated by the use of succinylcholine 1

mg/kg after pretreatment with vecuronium 1 mg. The patients received isoflurane with

air in oxygen for maintenance of anaesthesia. An inspiratory fraction of oxygen of 0.3

was used

Outcomes Secondary outcomes:

Pneumonia: no specific definition

Length of hospital stay

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk Described as double-blind but no further details.

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Low risk The outcome measurement is not likely to be influenced by lack

of blinding

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “Postoperative data was assessed by the postoperative

ward staff and surgeon blinded to the anaesthetic technique.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing outcome data balanced in numbers across intervention

groups, with similar reasons for missing data across groups

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias High risk Fewer than 50 participants per arm.

Jensen 1993b

Methods Single-centre RCT

Participants Setting: University Hospital Linköping, Linköping, Sweden

Inclusion criteria: patients scheduled for major operations on the intestines, and with

an expected duration of surgery of more than 1 h
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Participant numbers: 42 randomly assigned; 42 analysed

Interventions Intervention: patients received flunitrazepam 0.5 to 1 mg by mouth as premedication 1

h before induction of anaesthesia. Two anaesthetic protocols were used for induction and

maintenance of anaesthesia. In protocol 1, patients received intravenous thiopentone 4

mg/kg and fentanyl 2 µg/kg for induction of anaesthesia. Fentanyl supplements were

given as needed during the operation. Isoflurane (0.5 to 1.5%) in 70% nitrous oxide/

30% oxygen was used for the maintenance of anaesthesia. In protocol 2, propofol 2 mg/

kg was used for induction, and anaesthesia was maintained using propofol at a rate of

6 mg/kg/h for the first 30 min and 4 mg/kg/h thereafter. At induction, fentanyl was

given in a bolus dose of 2 µg/kg followed by an infusion rate of 5 µg/kg/h. After 30 min

this was reduced to 2.5 µg/kg/h. The lungs were ventilated with 30% oxygen in nitrous

oxide. For all the patients, vecuronium 1 mg was given for precurarization followed by

suxamethonium 1 mg/kg for tracheal intubation. Ventilation was adjusted to give an

arterial carbon dioxide tension of 44.5 kPa.

Control: patients received flunitrazepam 0.5 to 1 mg by mouth as premedication 1 h

before induction of anaesthesia. Anaesthesia was induced with propofol 2 mg/kg and

maintained by a total intravenous technique using propofol 9 mg/kg/h for the first 30

min, followed by propofol 6 mg/kg/h. Fentanyl was given in a bolus dose of 2 µg/kg,

followed by an infusion of 7.5 µg/kg/h. The fentanyl infusion was also reduced after 30

min to 3.75 µg/kg/h. Oxygen in air was used for ventilation (FiO2, 0.3). The patients

received vecuronium 1 mg for precurarization followed by suxamethonium 1 mg/kg for

tracheal intubation. Ventilation was adjusted to give an arterial carbon dioxide tension

of 44.5 kPa

Outcomes Secondary outcome:

Pulmonary atelectasis: defined by CT scans

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk This was not reported.

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -
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Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “The CT scans for the diagnosis of pulmonary atelectasis

were reviewed blind to the anaesthetic given.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias High risk Fewer than 50 participants per arm.

Kozmary 1990

Methods Single-centre RCT

Participants Setting: a hospital in California, USA

Inclusion criteria: patients scheduled for carotid endarterectomy or other surgery on

the carotid artery

Participant numbers: 70 randomly assigned; 70 analysed

Interventions Intervention: patients received isoflurane, fentanyl (2 to 5 µg/kg), thiopental (2 to 5 mg/

kg), vecuronium, and 60% nitrous oxide/40% oxygen. The patients were mechanically

ventilated with tidal volumes of 10 mL/kg at a rate sufficient to produce an end-tidal

carbon dioxide of 30 to 35 mmHg.

Control: patients received isoflurane, fentanyl (2 to 5 µg/kg), thiopental (2 to 5 mg/kg)

, vecuronium, and 100% oxygen. The patients were mechanically ventilated with tidal

volumes of 10 mL/kg at a rate sufficient to produce an end-tidal carbon dioxide of 30

to 35 mmHg

Outcomes Secondary outcomes:

Myocardial infarction: defined by creatine kinase enzyme changes

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk The patients were blinded, but insufficient information on the

personnel
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Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “Experts unaware of the choice of anaesthetic analysed

the data for diagnosis of myocardial infarction.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias High risk Fewer than 50 participants per arm.

Krogh 1994

Methods Single-centre RCT

Participants Setting: a hospital in Odense, Denmark

Inclusion criteria: ASA I-II patients scheduled for elective major colonic surgery

Participant numbers: 139 randomly assigned; 139 analysed

Interventions Intervention: premedication comprised diazepam 0.2 mg/kg orally. Anaesthesia was in-

duced with fentanyl 2 to 5 µg/kg intravenous. Propofol was given as a bolus dose of 1

mg/kg. All patients breathed 100% oxygen during induction. The patient’s lungs were

ventilated with oxygen via a face mask until the trachea had been intubated. Tracheal

intubation was facilitated by administration of pancuronium 0.1mg/kg. Anaesthesia was

maintained with fentanyl 2 to 4 µg/kg/h and propofol 1 to 2 mg/kg/h. The lungs of the

patients were ventilated with nitrous oxide in oxygen. The inspiratory oxygen concentra-

tion was maintained at 30%. Neuromuscular block was maintained with pancuronium

1 to 2 mg if train-of-four showed one or two twitches. Before induction of anaesthesia,

a lumbar extradural catheter was inserted and extradural bupivacaine given.

Control: premedication comprised diazepam 0.2 mg/kg orally. Anaesthesia was induced

with fentanyl 2 to 5 µg/kg intravenous. Propofol was given as a bolus dose of 1 mg/kg.

All patients breathed 100% oxygen during induction. The patient’s lungs were ventilated

with oxygen via a face mask until the trachea had been intubated. Tracheal intubation

was facilitated by administration of pancuronium 0.1mg/kg. Anaesthesia was maintained

with fentanyl 2 to 4 µg/kg/h and propofol 4 to 6 mg/kg/h. The lungs of the patients were

ventilated with oxygen and air. The inspiratory oxygen concentration was maintained

at 30%. Neuromuscular block was maintained with pancuronium 1 to 2 mg if train-of-

four showed one or two twitches. Before induction of anaesthesia, a lumbar extradural

catheter was inserted and extradural bupivacaine given

Outcomes Secondary outcomes:

Length of hospital stay
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Krogh 1994 (Continued)

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk This was not reported.

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Low risk The outcome measurement is not likely to be influenced by lack

of blinding

Blinding of outcome assessment (detection

bias)

Complications

Unclear risk -

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias Low risk No other potential sources of bias were detected.

Lampe 1990

Methods Single-centre RCT

Participants Setting: a hospital in California, USA

Inclusion criteria: patients presenting for elective resection of acoustic neuroma

Participant numbers: 26 randomly assigned; 26 analysed

Interventions Intervention: premedication (triazolam, and/or morphine, or none) and intraoperative

fentanyl and edrophonium/atropine were administered at the discretion of the anaes-

thesiologist. Patients received thiopental and vecuronium and the lungs were ventilated

with 50 to 60% nitrous oxide/30 to 40% oxygen and isoflurane. Inhaled isoflurane

concentrations were adjusted to maintain clinically acceptable levels of anaesthesia as

determined by the attending anaesthesiologist. Ventilation was controlled, and total gas

flows of 5 L/min were maintained throughout surgery.

Control: premedication (triazolam, and/or morphine, or none) and intraoperative fen-

tanyl and edrophonium/atropine were administered at the discretion of the anaesthesi-
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Lampe 1990 (Continued)

ologist. Patients received thiopental and vecuronium and the lungs were ventilated with

100% oxygen and isoflurane. Inhaled isoflurane concentrations were adjusted to main-

tain clinically acceptable levels of anaesthesia as determined by the attending anaesthe-

siologist. Ventilation was controlled, and total gas flows of 5 L/min were maintained

throughout surgery

Outcomes Primary outcomes:

Inhospital case fatality rate

Secondary outcomes:

Pneumonia: based on radiographic evidence and increased white blood cell count plus

fever

Pulmonary atelectasis: based on radiographic evidence

Wound infection: as defined by the surgeon

Length of hospital stay

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk This was not reported.

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Low risk Quote: “All data collection (including patient interviews) and

analyses were performed by individuals unaware of the patient’s

anaesthetic regimen.”

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “All data collection (including patient interviews) and

analyses were performed by individuals unaware of the patient’s

anaesthetic regimen.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias High risk Fewer than 50 participants per arm.
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Larsen 2000

Methods Single-centre RCT

Participants Setting: University of Saarland, Germany

Inclusion criteria: ASA I-II patients, aged 18-65 year, scheduled for elective operative

procedures

Exclusion criteria: a history of a significant cardiac, pulmonary, hepatic, or renal disease;

chronic drug or alcohol abuse; morbid obesity; disabling neuropsychiatric disorders;

hypersensitivity to aesthetics or familial history of malignant hyperthermia; women who

were pregnant or breast-feeding; patients who refused to give consent

Participant numbers: 60 randomly assigned; 60 analysed

Interventions Intervention: before the induction of anaesthesia, all patients received fentanyl 2 µg/

kg IV, then breathed 100% oxygen for 3 min. Anaesthesia was induced with propofol

2 mg/kg IV. After loss of consciousness, patients received either desflurane at an endti-

dal concentration of 5% or sevoflurane 1.7% and rocuronium 0.6 mg/kg to facilitate

endotracheal intubation. Maintenance of anaesthesia was provided with the respective

volatile anaesthetic (0.85 MAC concentration with nitrous oxide 65% in oxygen; the

inspired concentration was adjusted to maintain mean arterial pressure within 20% of

baseline values.

Control: patients were infused with remifentanil at a rate of 0.5 µg/kg/min until they felt

dazed. Thereafter, anaesthesia was induced by propofol in a dose adequate for loss of eye-

lash reflex, followed by rocuronium 0.6 mg/kg for tracheal intubation. After intubation,

remifentanil infusion was reduced to 0.25µg/kg/min, and a propofol infusion was started

at a rate of 3 mg/kg/min and maintained throughout surgery. During the maintenance

of anaesthesia, patients were ventilated with a fresh gas flow of 2 L/min of oxygen 35%

in air by using a semiclosed circle system. No inhaled anaesthetics were given

Outcomes Other outcomes:

Quality of recovery

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Quote: “The assignment of patients was single blinded.”

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -

58Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Larsen 2000 (Continued)

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “Observer was blinded to the anaesthesia the patients

had received.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias Low risk No other potential sources of bias were detected.

Lee 2005

Methods Single-centre RCT

Participants Setting: University of Hong Kong, China

Inclusion criteria: patients undergoing open colorectal surgery

Exclusion criteria: patients were excluded from the study if they had known allergy to

remifentanil or morphine, had abnormal preoperative renal or hepatic function, regularly

took analgesics or had consumed any kind of opioid within the past 24 h, had a history

of drug or alcohol abuse, were unable to use patient-controlled analgesia, were less than

18 yr old, or had a body weight that was not within 20% of ideal

Participant numbers: 60 randomly assigned; 60 analysed

Interventions Intervention: patients received isoflurane at an end tidal concentration of 0.5 to 1.5%

(according to clinical requirement), delivered with 70% nitrous oxide in oxygen.

Control: patients received isoflurane at an end tidal concentration of 0.5 to 1.5% (ac-

cording to clinical requirement) delivered in an oxygen-air gas mixture and they also

received an intravenous infusion of remifentanil at 0.05 to 0.5 µg/kg/min

Outcomes Other outcomes:

Postoperative opioid consumption

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “Randomization was based on computer-generated

codes.”

Allocation concealment (selection bias) Low risk Opaque envelopes were used.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk This was not reported.
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Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -

Blinding of outcome assessment (detection

bias)

Complications

Low risk Nurses and acute pain team members who were not involved

in the study and were unaware of the patients’ intraoperative

randomization conducted observation and management in the

postanaesthesia care unit and subsequently the ward

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias Low risk No other potential sources of bias were detected.

Leung 2006

Methods Single-centre RCT

Participants Setting: University of California, San Francisco Medical Centre, USA

Inclusion criteria: consecutive men or women who were > 65 years of age, undergoing

non-cardiac surgery, requiring general anaesthesia, who were expected to remain in the

hospital after operation for > 48 h

Exclusion criteria: patients who could not complete the neuropsychological testing

such as those who were expected to remain intubated after operation; patients who not

able to provide informed consent; surgical cases in which the use of nitrous oxide was

contraindicated

Participant numbers: 228 randomly assigned; 228 analysed

Interventions Intervention: pre-medication was limited to fentanyl up to 2 µg/kg intravenous. During

operation, mechanical ventilation was initiated to maintain normocarbia and oxygen

saturation > 95%. Anaesthetists were requested to control intraoperative heart rate and

blood pressure to within ± 30% of preoperative baseline measurements. Intraoperative

monitoring was not controlled by the study but was measured. Additional intravenous

morphine sulfate or fentanyl was allowed to be titrated to maintain spontaneous ven-

tilatory frequencies of 10 to 20 bpm and end-tidal CO2 between 45 and 55 mm Hg

while the inhalational agents were discontinued at the conclusion of surgery. The in-

traoperative anaesthetic management was consisted of nitrous oxide with oxygen plus a

potent inhalational agent. In order to make the study clinically feasible, the study allowed

the anaesthetists to adjust the percentages of inspired concentrations of oxygen during

surgery as clinically indicated.

Control: pre-medication was limited to fentanyl up to 2 µg/kg intravenous. During

operation, mechanical ventilation was initiated to maintain normocarbia and oxygen

saturation > 95%. Anaesthetists were requested to control intraoperative heart rate and

blood pressure to within ± 30% of preoperative baseline measurements. Intraoperative

monitoring was not controlled by the study but was measured. Additional intravenous

60Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Leung 2006 (Continued)

morphine sulfate or fentanyl was allowed to be titrated to maintain spontaneous ven-

tilatory frequencies of 10 to 20 bpm and end-tidal CO2 between 45 and 55 mm Hg

while the inhalational agents were discontinued at the conclusion of surgery. The intra-

operative anaesthetic management was consisted of oxygen plus a potent inhalational

agent. In order to make the study clinically feasible, the study allowed the anaesthetists to

adjust the percentages of inspired concentrations of oxygen during surgery as clinically

indicated

Outcomes Primary outcomes:

Inhospital case fatality rate

Secondary outcomes:

Length of hospital stay

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “A computerized random number list was created to

designate the two anaesthetic group assignments.”

Allocation concealment (selection bias) Low risk Quote: “The assignment of the anaesthetic group for each study

patient was contained in a sealed envelope.”

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk This was not reported.

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Low risk The outcome measurement is not likely to be influenced by lack

of blinding

Blinding of outcome assessment (detection

bias)

Complications

Unclear risk -

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias Low risk No other potential sources of bias were detected.
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Lonie 1986

Methods Single-centre RCT

Participants Setting: Manchester Royal Infirmary and St Mary’s Hospital, UK

Inclusion criteria: ASA I-II patients who were scheduled for elective inpatient la-

paroscopy

Participant numbers: 93 randomly assigned; 93 analysed

Interventions Intervention: nitrous oxide 67% in oxygen and 1.25% MAC end tidal enflurane (0.

7%)

Control: 33% oxygen in nitrogen and 1.25 MAC end tidal enflurane (2.1%)

Outcomes Other outcomes:

Non-severe nausea and vomiting

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk This was not reported.

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “Patients were interviewed by a senior nurse who was

unaware of which anaesthetic the patient had received.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias Low risk No other potential sources of bias were detected.
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Mraovic 2008

Methods RCT

Participants Setting: unknown

Inclusion criteria: 150 ASA I-II patients, between 19 and 75 years old, undergoing

elective laparoscopic gynaecological surgery (removal of ovarian tumours and cysts, my-

omectomy, laparoscopic-assisted vaginal hysterectomy, and infertility surgery)

Exclusion criteria: obesity (body mass index > 33 kg/m²), pregnancy, breast-feeding,

known hypersensitivity to drugs used in the study protocol, use of antiemetics, psy-

chotropic drugs and steroids within 72 h before surgery; patients with known comor-

bidities that could increase the incidence of postoperative nausea and vomiting, i.e. dis-

eases which impaired gastric motility (diabetes mellitus, chronic cholecystitis, gastric

and intestinal disease, neuromuscular disorders, neuropathies, and liver dysfunction)

, vestibular disease, history of migraine headache, central nervous system injury, renal

impairment, irregular menstrual cycle (duration of < 21 or > 35 days and/or variations

between cycles > 4 days), alcoholism, and opioid addiction

Participant numbers: 150 randomly assigned; 137 analysed

Interventions Intervention: patients received 7.5 mg of midazolam by mouth 1 h before the surgery

with no prophylactic antiemetics. After induction of anaesthesia with thiopental 5 mg/kg

and fentanyl 1 to 2 µg/kg, patients were manually ventilated with oxygen via facemask.

Endotracheal intubation was facilitated with vecuronium 0.1 mg/kg IV. Patients then

received either 50% nitrous oxide with oxygen or 70% nitrous oxide with oxygen.

Anaesthesia was maintained with sevoflurane (end-tidal concentration approximately 1

MAC) and supplemental bolus doses of fentanyl intravenous (1 µg/kg) to keep heart rate

and arterial blood pressure within 20% of baseline values and additional vecuronium

was administered to maintain 1 or 2 twitches on the train-of-four monitor. All patients

received 10 mL/kg of crystalloids intraoperatively.

Control: patients received 7.5 mg of midazolam by mouth 1 h before the surgery with

no prophylactic antiemetics. After induction of anaesthesia with thiopental 5 mg/kg

and fentanyl 1 to 2 µg/kg, patients were manually ventilated with oxygen via facemask.

Endotracheal intubation was facilitated with vecuronium 0.1 mg/kg IV. Patients then

received air and oxygen, FiO230%. Anaesthesia was maintained with sevoflurane (end-

tidal concentration approximately 1 MAC) and supplemental bolus doses of fentanyl

intravenous (1 µg/kg) to keep heart rate and arterial blood pressure within 20% of base-

line values and additional vecuronium was administered to maintain 1 or 2 twitches on

the train-of-four monitor. All patients received 10 mL/kg of crystalloids intraoperatively

Outcomes Secondary outcomes:

Severe nausea and vomiting: 2 or more episodes of vomiting and retching within a period

of 30 min or total number of 3 or more emetic episodes during 24 h postoperatively

Notes 13 patients were excluded from the analysis. 4 patients were excluded in nitrous oxide-free

group: 1 patient was treated with corticosteroids for urticaria at induction of anaesthesia,

1 patient had an anaesthesia time < 30 min, 2 patients had a protocol violation. 4 patients

were excluded in nitrous oxide-based group 1: 1 patient had a conversion to laparotomy,

1 patient’s anaesthesia time was < 30 min, and 2 patients had a protocol violation. 5

patients were excluded from the nitrous oxide-based group 2: 2 patients’ surgery was

converted to laparotomy, 1 patient each had severe hypotension after induction, which

lasted more than 5 mins, acute coronary syndrome postoperatively, and anaesthesia time

< 30 min
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Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “Patients were randomized by computer-generated ran-

dom numbers.”

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk This was not reported.

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “Clinical nurses specifically trained for the study col-

lected the data and were blinded to the anaesthesia technique

used and randomizations.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing outcome data balanced in numbers across intervention

groups, with similar reasons for missing data across groups

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias Low risk No other potential sources of bias were detected.

Myles 2008a

Methods Muli-centre RCT

Participants Setting: 2 hospitals from Australia and Hong Kong

Inclusion criteria: patients undergoing elective noncardiac surgery, with risk factors or

a known history of coronary artery disease (hypertension, diabetes, age older than 60

years, or preexisting history of coronary artery disease)

Exclusion criteria: patients expected to require a high inspired oxygen concentration

intraoperatively or with any relative contraindication to nitrous oxide (volvulus, pul-

monary hypertension, increased intracranial pressure)

Participant numbers: 59 randomly assigned; 59 analysed

Interventions Intervention: patients had maintenance of general anaesthesia with nitrous oxide and

FiO2 0.3, and one of three other hypnotic agents (isoflurane, sevoflurane, or propofol)

at the discretion of the anaesthesiologist.

Control: patients had their anaesthesia maintained with FiO2 0.8 or FiO2 0.3, but

without nitrous oxide.
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Outcomes Secondary outcomes:

Length of hospital stay

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “Patients were randomly allocated via a computer-gen-

erated random list.”

Allocation concealment (selection bias) Low risk Quote: “The random sequence was concealed in opaque, sealed

envelopes.”

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Quote: “Administration and group identity were concealed from

the surgeon and research staff.”

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Low risk The outcome measurement is not likely to be influenced by lack

of blinding

Blinding of outcome assessment (detection

bias)

Complications

Unclear risk -

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) High risk Not all of the study’s pre-specified primary outcomes (e.g. my-

ocardial infarction) had been reported

Other bias Low risk No other potential sources of bias were detected.

Paredi 1994

Methods Single-centre RCT

Participants Setting: a hospital in Italy

Inclusion criteria: ASA I-II female patients, aged older than 18, undergoing total hys-

terectomy

Participant numbers: 184 randomly assigned; 184 analysed

Interventions Intervention: enflurane 1.3% in nitrous oxide and oxygen

Control: enflurane 2% in air and oxygen
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Paredi 1994 (Continued)

Outcomes Secondary outcomes:

Severe nausea and vomiting: no specific definition.

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Quote: “Participants and personnel had knowledge of nitrous

oxide exposure.”

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “Nausea and vomiting were assessed by an investigator

other than the anaesthetist or the surgeon.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias Low risk No other potential sources of bias were detected.

Pedersen 1993

Methods Single-centre RCT

Participants Setting: Herlev hospital, Herlev, Denmark

Inclusion criteria: 44 ASA I-II patients, aged 30 to 65 years, scheduled for elective

abdominal hysterectomy with or without salpingo oophorectomy

Exclusion criteria: patients with gastrointestinal disease of any kind, malignancy, or

weight < 45 kg or > 90 kg; preoperative medication known to interfere with bowel

function; contraindications against any of the anaesthetics used; insertion of a nasogastric

tube; surgical complications; administration of laxatives or enemas before the fourth day

postoperatively (the operation day being day 0)

Participant numbers: 44 randomly assigned; 36 analysed
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Interventions Intervention: diazepam 0.15 mg/kg administered orally 1 h before anaesthesia was used

as premedication. Anaesthesia was induced with fentanyl 3 µg/kg and atracurium as

precurarization followed by thiopentone 3 to 5 mg/kg. Intubation was facilitated by

suxamethonium 1.5 mg/kg. Anaesthesia was maintained with fentanyl 2 µg/kg/h and

isoflurane with nitrous oxide in 30% oxygen. Ventilation was adjusted to maintain end-

tidal carbon dioxide tension between 4 and 4.5 kPa. After the disappearance of the effect

of suxamethonium, neuromuscular block was achieved with a bolus of atracurium, 0.3

mg/kg, and maintained with infusion of atracurium.

Control: diazepam 0.15 mg/kg administered orally 1 h before anaesthesia was used

as premedication. Anaesthesia was induced with fentanyl 3 µg/kg and atracurium as

precurarization followed by thiopentone 3 to 5 mg/kg. Intubation was facilitated by

suxamethonium 1.5 mg/kg. Anaesthesia was maintained with fentanyl 2 µg/kg/h and

isoflurane in 30% oxygen. Ventilation was adjusted to maintain end-tidal carbon dioxide

tension between 4 and 4.5 kPa. After the disappearance of the effect of suxamethonium,

neuromuscular block was achieved with a bolus of atracurium, 0.3 mg/kg, and main-

tained with infusion of atracurium

Outcomes Secondary outcomes:

Severe nausea and vomiting: patient rated

Notes 8 patients were excluded during the study: 3 patients because of per- or postoperative

surgical complications, 1 patient because of the surgeon’s wish for insertion of a naso-

gastric tube due to distension of the intestines (the patient received nitrous oxide), 3

patients due to erroneous administration of laxative on the second postoperative day and

1 patient because of severe gastrointestinal discomfort on the third day postoperatively

requiring an enema (the patient received nitrous oxide)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Quote: “The mixture of gas administered was blinded for every-

one other than the anaesthetist.”

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “Nausea and vomiting were assessed by an investigator

other than the anaesthetist or the surgeon.”
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Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Insufficient information.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias High risk Fewer than 50 participants per arm.

Sengupta 1988

Methods Single-centre RCT

Participants Setting: a hospital in London, UK

Inclusion criteria: 80 ASA I-II patients older than 18 years undergoing a standard

anaesthetic technique for day-case laparoscopy

Exclusion criteria: patients with a history of excessive nausea and vomiting after previous

anaesthetics

Participant numbers: 80 randomly assigned; 64 analysed

Interventions Intervention: patients were given fentanyl 1.5 µg/kg intravenous and anaesthesia was

induced with propofol 2 mg/kg intravenous followed by vecuronium 0.06 mg/kg in-

travenous. The patients received an inspired gas mixture of 33% nitrous oxide and 1%

enflurane in oxygen.

Control: patients were given fentanyl 1.5µg/kg intravenous and anaesthesia was induced

with propofol 2 mg/kg intravenous followed by vecuronium 0.06 mg/kg intravenous.

The patients received an inspired gas mixture of 1% enflurane in oxygen

Outcomes Secondary outcomes:

Severe nausea and vomiting: patient rated

Notes 16 patients had not returned questionnaires

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk This was not reported.

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -
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Blinding of outcome assessment (detection

bias)

Complications

Unclear risk This was not reported.

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Insufficient information.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias High risk Fewer than 50 participants per arm.

Short 1985

Methods Single-centre RCT

Participants Setting: a hospital in London, UK

Inclusion criteria: ASA I-III patients scheduled for either minor gynaecological pro-

cedures such as dilatation and curettage, or urological procedures such as cysto-ure-

throscopy

Exclusion criteria: surgery lasted less than 30 minutes; alternative anaesthetic techniques

were required; use of opioids for postoperative pain relief

Participant numbers: 60 randomly assigned; 47 analysed

Interventions Intervention: two anaesthetic protocols were used for induction and maintenance of

anaesthesia. In protocol 1, patients received alfentanil 5 µg/kg over 1 minute, followed by

methohexitone 1.5 mg/kg. The patients then breathed nitrous oxide and oxygen (FiO2

= 0.3). Supplements of alfentanil 2.5 µg/kg were given every 8 minutes until cessation

of surgery, and increments of methohexitone 20 mg were given as clinically required. In

protocol 2, patients received methohexitone 1.5 mg/kg as induction, followed by up to

5% isoflurane with 66% nitrous oxide in oxygen via a Magill system. When anaesthesia

was satisfactory, the isoflurane concentration was decreased to 1.5 to 2%.

Control: patients received methohexitone 1.5 mg/kg as induction, followed by up to

5% isoflurane in oxygen via a Magill system. When anaesthesia was satisfactory, the

isoflurane concentration was decreased to 1.5 to 2%

Outcomes Secondary outcomes:

Severe nausea and vomiting: no specific definition

Notes The results from 13 patients were excluded from the study because either surgery lasted

more than 30 minutes, or alternative anaesthetic techniques were required, such as

tracheal intubation or the use of opioids for postoperative pain relief

Risk of bias

Bias Authors’ judgement Support for judgement
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Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk This was not reported.

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -

Blinding of outcome assessment (detection

bias)

Complications

High risk Quote: “The observer was aware of which anaesthetic had been

used.”

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Insufficient information.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias High risk Fewer than 50 participants per arm.

Singh 2011

Methods Single-centre RCT

Participants Setting: a hospital in New Delhi, India

Inclusion criteria: 116 ASA I-II patients between 18 and 60 years of age, either gen-

der, scheduled for elective supratentorial tumour surgery, with anticipated duration of

anaesthesia more than 4 hours

Exclusion criteria: patients with history of smoking, patients with history of mega-

loblastic anaemia, those requiring postoperative mechanical ventilation, patients receiv-

ing vitamin B12/folic acid supplementation, history of exposure to general anaesthe-

sia in the last one month, history of motion sickness/postoperative emesis, evidence of

pneumothorax/pneumocephalus, and bleeding disorders

Participant numbers: 116 randomly assigned; 87 analysed

Interventions Intervention: patients were preoxygenated with 100% oxygen for 3 minutes. General

anaesthesia was induced with fentanyl 2 mcg/kg and thiopentone 4 to 6 mg/kg and

tracheal intubation facilitated with rocuronium 1 mg/kg. Additional dose of thiopentone

1 to 2 mg/kg was given before laryngoscopy and intubation to prevent the pressor

response. Anaesthesia was maintained using 60% nitrous oxide and 40% oxygen as

carrier gases, as well as isoflurane at end-tidal concentration of 0.7%. The flow rate of

inhaled gas mixture was kept at 2 L/min in both the groups. Flow rate of nitrous oxide

and oxygen were 1.2 and 0.8 L/min, respectively. Intermittent doses of fentanyl (1 mcg/
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kg) and vecuronium (0.01 mg/kg) were repeated as and when required. Use of other

drugs and intravenous fluids was at the discretion of the attending anaesthesiologist.

Control: patients were preoxygenated with 100% oxygen for 3 minutes. General anaes-

thesia was induced with fentanyl 2 mcg/kg and thiopentone 4 to 6 mg/kg and tracheal

intubation facilitated with rocuronium 1 mg/kg. Additional dose of thiopentone 1 to

2 mg/kg was given before laryngoscopy and intubation to prevent the pressor response.

Anaesthesia was maintained using 60% medical air and 40% oxygen as carrier gases,

as well as isoflurane at end-tidal concentration of 1.2%. The flow rate of inhaled gas

mixture was kept at 2 L/min in both the groups. Flow rates of medical air and oxygen

were 1.5 and 0.5 L/min, respectively. Intermittent doses of fentanyl (1 mcg/kg) and

vecuronium (0.01 mg/kg) were repeated as and when required. Use of other drugs and

intravenous fluids was at the discretion of the attending anaesthesiologist

Outcomes Secondary outcomes:

Pneumonia: radiologic infiltrate confirmed by chest X-ray or computed tomography, in

association with at least one of the following: temperature greater than 38°C, leukocyte

count greater than 12000 cell/mm³, or positive sputum culture that corresponds with

positive culture

Myocardial infarction: confirmed by a typical rise and fall in cardiac enzymes (troponin

or CK-MB fraction) with at least one of the following: typical ischaemic symptoms, new

Q-wave or ST-segment electrocardiographic changes

Stroke: a new neurological deficit persisting for 24 hours or longer, confirmed by neu-

rologist assessment, and/or computed tomography, or magnetic resonance imaging

Length of hospital stay

Length of ICU stay

Notes 29 patients could not be tracheally extubated at the end of surgery (15 patients in nitrous

oxide-based group and 14 in nitrous oxide-free group), so the data of these patients were

excluded from final analysis

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “Patients were randomly divided into two groups by a

computer-generated randomization chart.”

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Quote: “Attending anaesthesiologist was aware of the group

identity (for safe administration of anaesthesia), but it was con-

cealed from the surgeons.”

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Low risk Quote: “Staff conducting the postoperative follow-ups (i.e.,

those responsible for postoperative data collection and outcome

assessment) was blinded to the group identity.”
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Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “Staff conducting the postoperative follow-ups (i.e.,

those responsible for postoperative data collection and outcome

assessment) was blinded to the group identity.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk Missing outcome data balanced in numbers across intervention

groups, with similar reasons for missing data across groups

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias High risk Fewer than 50 participants per arm.

Sukhani 1994

Methods Single-centre RCT

Participants Setting: Loyola University Medical Center, USA

Inclusion criteria: nonpregnant patients, 19 to 40 years of age, ASA I-II, scheduled for

ambulatory gynaecologic laparoscopy

Exclusion criteria: patients were excluded from the study if they weighed more than

150% of their ideal body weight or had predisposing factors for delayed gastric emptying,

such as diabetes, chronic cholecystitis, scleroderma, neuropathies, and neuromuscular

disorders. Patients who demonstrated significant anxiety and who, in the anaesthesiolo-

gist’s judgment, required preoperative anxiolytic therapy were also excluded

Participant numbers: 70 randomly assigned; 70 analysed

Interventions Intervention: patients were ventilated with a mixture of oxygen and nitrous oxide and

the inspired oxygen concentration was maintained at 30%.

Control: patients were ventilated with a mixture of oxygen and air and the inspired

oxygen concentration was maintained at 30%

Outcomes Other outcomes:

Quality of recovery

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Quote: “The patients were assigned using a non-blinded study

design.”
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Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “Intermediate recovery variables were recorded by recov-

ery room nurses and the attending anaesthesiologist blinded to

anaesthetic technique.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias Low risk No other potential sources of bias were detected.

Todd 1993

Methods Single-centre RCT

Participants Setting: a hospital in Iowa, USA

Inclusion criteria: ASA II-III patients, aged 18-75 years, scheduled for elective cran-

iotomy for resection of a supratentorial mass lesion

Exclusion criteria: patients with known aneurysms, arteriovenous malformations, or

posterior fossa tumours; patients who suffered from severe ischaemic heart disease, con-

gestive heart failure, renal or hepatic dysfunction, severe chronic respiratory disease, med-

ically controlled hypertension, stable angina, diabetes mellitus, or mild chronic obstruc-

tive lung disease; a rapid post-operative return to normal consciousness was unlikely due

to the location or size of the lesion (e.g. large hypothalamic lesions) or if postoperative

sedation and mechanical ventilation were planned

Participant numbers: 121 randomly assigned; 121 analysed

Interventions Intervention: two anaesthetic protocols were used for induction and maintenance of

anaesthesia. In protocol 1, anaesthesia was induced with 4 to 6 mg/kg thiopental, followed

by 0.1 mg/kg vecuronium. Mask ventilation was begun with gradually increasing inspired

concentrations of isoflurane in 60% nitrous oxide/balance oxygen, and continued for 10

min. The trachea was intubated, mechanical ventilation begun with nitrous oxide/oxygen

(fraction of inspired oxygen 0.4), and the administered concentration of isoflurane was

adjusted thereafter according to the judgment of the attending anaesthesiologist. In

protocol 2, anaesthesia was induced with 4 to 6 mg/kg thiopental, followed by 0.1 mg/kg

vecuronium. Mask ventilation was begun with 60% nitrous oxide/balance oxygen, and

incremental doses of fentanyl were given, with a target loading dose of 10 µg/kg fentanyl

to be given over 10 min. This could be varied at the discretion of the anaesthesiologist.

After 10 min, the trachea was intubated, and mechanical ventilation begun with 60%

nitrous oxide/oxygen (fraction of inspired oxygen 0.4). An infusion of fentanyl was started

at the rate of 2 µg/kg/h, and paralysis was maintained with vecuronium or pancuronium.

Control: anaesthesia was induced with 1 to 2 mg/kg propofol, followed by 0.1 mg/

kg vecuronium. Simultaneously with the start of induction, a propofol infusion was
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begun at an initial rate of 200 µg/kg / min. Manual mask ventilation with 40% oxygen

(as an oxygen/air mixture) was begun, and incremental doses of fentanyl were given,

with a target loading dose of 10 µg/kg fentanyl to be given over 10 mins. The rate of

fentanyl administration and the propofol infusion could be varied at the discretion of the

attending anaesthesiologist. The patients’ lungs mechanically ventilated with oxygen/air

(FiO2 0.4). A fentanyl infusion was started and maintained at a rate of 2 µg/kg/h. The

propofol infusion rate was varied according to clinical need

Outcomes Primary outcomes:

Inhospital case fatality rate

Secondary outcomes:

Pneumonia: no specific definition

Length of hospital stay

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.

Allocation concealment (selection bias) Low risk Sealed envelopes were used.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk This was not reported.

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Low risk The outcome measurement is not likely to be influenced by lack

of blinding

Blinding of outcome assessment (detection

bias)

Complications

Unclear risk This was not reported.

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias Low risk No other potential sources of bias were detected.
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Van Hemelrijck 1991

Methods Single-centre RCT

Participants Setting: A hospital in Missouri, USA

Inclusion criteria: 92 non-pregnant gynaecologic patients, 19 to 46 years of age, ASA

I-II, scheduled for out-patient laparoscopic surgery

Participant numbers: 92 randomly assigned; 92 analysed

Interventions Intervention: all patients breathed 100% oxygen for 2 min after receiving a preinduc-

tion dose of fentanyl 1.5 µg/kg intravenous and dtubocurarine 3 mg intravenous. Three

anaesthetic protocols were used for induction and maintenance of anaesthesia. In proto-

col 1, anaesthesia was induced with propofol 2.5 mg/kg administered over 2.5 minutes

using a syringe-type infusion pump. After loss of consciousness, succinylcholine 1.5 mg/

kg intravenous was administered to facilitate intubation. Anaesthesia was maintained

with nitrous oxide 60% and a continuous infusion of propofol at an initial infusion rate

of 160 µg/kg/min, which subsequently was titrated within the range of 50 to 200 µg/kg/

min. The maintenance infusion rate of propofol was adjusted to maintain an adequate

depth of anaesthesia, adjudged by clinical signs and hemodynamic responses. In protocol

2, anaesthesia was induced with propofol 2.5 mg/kg administered over 2.5 minutes using

a syringe-type infusion pump. After loss of consciousness, succinylcholine 1.5 mg/kg

intravenous was administered to facilitate intubation. Anaesthesia was maintained with

desflurane 4 to 7% inspired concentration in combination with 60% nitrous oxide. The

inspired desflurane concentration were adjusted to maintain an adequate depth of anaes-

thesia, adjudged by clinical signs and hemodynamic responses. In protocol 3, anaesthesia

was induced by inhalation of desflurane with nitrous oxide 60% in oxygen. After loss

of consciousness, succinylcholine 1.5 mg/kg intravenous was administered to facilitate

intubation. Anaesthesia was maintained with desflurane 4 to 7% inspired concentration

in combination with 60% nitrous oxide. The inspired desflurane concentration were

adjusted to maintain an adequate depth of anaesthesia, adjudged by clinical signs and

hemodynamic responses.

Control: anaesthesia was induced by inhalation of desflurane with 100% oxygen. After

loss of consciousness, succinylcholine 1.5 mg/kg intravenous was administered to facil-

itate intubation. Anaesthesia was maintained with desflurane 4 to 7% inspired concen-

tration in combination with 100% oxygen. The inspired desflurane concentration were

adjusted to maintain an adequate depth of anaesthesia, adjudged by clinical signs and

hemodynamic responses

Outcomes Secondary outcomes:

Severe nausea and vomiting: persistent nausea with repeated episodes of vomiting, re-

quiring treatment

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.
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Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Quote: “The study used an open (non blinded) design.”

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “The outcome was assessed by research nurse who was

blinded to as to the anaesthetic treatment.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias High risk Fewer than 50 participants per arm.

Vanacker 1999

Methods RCT

Participants Inclusion criteria: 60 female in-patients (ASA I-II), aged 18 to 65 years, scheduled for

breast surgery with a duration of 1 to 3 hours

Exclusion criteria: patients had body weight 20% outside normal weight, history of

motion sickness or of postoperative nausea and vomiting, pregnant or breastfeeding

patients, history of alcohol or drug abuse, sensitivity to narcotics, impaired renal or

hepatic function, recent (< 30 days) participation in another study

Participant numbers: 30 randomly assigned; 30 analysed

Interventions Intervention: patients were breathing 100% oxygen with a fresh gas flow of 7 L/min for

2 to 3 minutes. A standardized anaesthetic technique consisting of propofol for induction

(2 mg/kg) followed by desflurane with nitrous oxide for maintenance of anaesthesia was

used in all patients. The concentration of anaesthetic given to the patients was based

on previously determined MAC values and adjusted to the patient’s needs as clinically

indicated with the objective to maintain the heart rate and blood pressure within 20% of

the baseline values. They received a pre-induction dose of fentanyl 2 µg/kg; additional

doses of fentanyl 1 µg/kg were given if there were signs of inadequate anaesthesia (i.e.

movement, swallowing, tearing, salivation) despite changes in inhalation concentration.

Muscle relaxation for intubation was achieved by a single dose of vecuronium 0.1 mg/

kg. Mechanical ventilation was instituted in all patients and ventilatory settings were

adjusted to achieve normocapnia; the fresh gas flow was reduced to 2 L/ min during

maintenance of anaesthesia. At the end of surgery, desflurane and nitrous oxide were

discontinued and the patients received 100% oxygen (7 L/min fresh gas flow).

Control: patients were breathing 100% oxygen with a fresh gas flow of 7 L/min. for
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2 to 3 minutes. A standardized anaesthetic technique consisting of propofol for induc-

tion (2 mg/kg) followed by desflurane for maintenance of anaesthesia was used in all

patients. The concentration of anaesthetic given to the patients was based on previously

determined MAC values and adjusted to the patient’s needs as clinically indicated with

the objective to maintain the heart rate and blood pressure within 20% of the baseline

values. They received a pre-induction dose of fentanyl 2 µg/kg; additional doses of fen-

tanyl 1 µg/kg were given if there were signs of inadequate anaesthesia (i.e. movement,

swallowing, tearing, salivation) despite changes in inhalation concentration. Muscle re-

laxation for intubation was achieved by a single dose of vecuronium 0.1 mg/kg. Mechan-

ical ventilation was instituted in all patients and ventilatory settings were adjusted to

achieve normocapnia; the fresh gas flow was reduced to 2 L/ min during maintenance of

anaesthesia. At the end of surgery, desflurane was discontinued and the patients received

100% oxygen (7 L/min fresh gas flow)

Outcomes Secondary outcomes:

Severe nausea and vomiting: vomiting requiring at least three doses of antiemetic medi-

cation within 24 hours of surgery

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Described as randomized but no further details.

Allocation concealment (selection bias) Low risk Sealed envelopes were used.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk This was not reported.

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -

Blinding of outcome assessment (detection

bias)

Complications

Unclear risk This was not reported.

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.

Other bias High risk Fewer than 50 participants per arm.
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Yoshimura 2014

Methods Single-centre RCT

Participants Setting: Teikyo University, Japan

Inclusion criteria: Adult patients scheduled for elective thoracotomy or thoracoscopic

surgery

Exclusion criteria: Patients were excluded if pleural adhesion was anticipated during

preoperative assessment or if they had evidence of bullae on their chest computed to-

mography scans

Participant numbers: 50 randomly assigned; 50 analysed

Interventions Intervention: patients received a gas mixture of oxygen and nitrous oxide (FiO2 = 0.5).

Anaesthesia was induced with propofol (1 to 2 mg/kg), remifentanil (0.3 to 0.5 µg/kg/

min), and rocuronium (1 mg/kg) and was maintained with propofol infusion (120 to

200 µg/kg/min) and intermittent boluses of rocuronium.

Control: patients received 100% oxygen for three minutes for thorough denitrogenation.

Anaesthesia was induced with propofol (1 to 2 mg/kg), remifentanil (0.3 to 0.5 µg/kg/

min), and rocuronium (1 mg/kg) and was maintained with propofol infusion (120 to

200 µg/kg/min) and intermittent boluses of rocuronium

Outcomes Other outcomes:

Lung collapse score

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote: “Patients were allocated by random number.”

Allocation concealment (selection bias) Unclear risk No details given.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk This was not reported.

Blinding of outcome assessment (detection

bias)

Inhospital case fatality rate/length of stay

Unclear risk -

Blinding of outcome assessment (detection

bias)

Complications

Low risk Quote: “Surgeons were blinded to the gas mixture and were

instructed to assess the lung collapse scale.”

Incomplete outcome data (attrition bias)

All outcomes

Low risk No missing data.

Selective reporting (reporting bias) Low risk All outcomes described in methods section reported.
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Yoshimura 2014 (Continued)

Other bias Low risk No other potential sources of bias were detected.

Abbreviations: ASA: American Society of Anesthesiologists; ASEPSIS: Additional treatment, Serous discharge, Erythema, Purulent

exudate, Separation of deep tissues, Isolation of bacteria, and duration of inpatient Stay; bpm: breaths per minute; CABG: Coronary

Artery Bypass Grafting; CK-MB: Creatine Kinase, MB Form; CT: Computed Tomography; ECG: Electrocardiogram; h: hour(s);

ICU: Intensive Care Unit; IM: intramuscular injection; IV: intravenous injection; kPa: kilopascals; MAC: Minimum Alveolar

Concentration; N: number; PTCA: Percutaneous Transluminal Coronary Angioplasty; ST: ST-segment; TIA: Transient Ischaemic

Attack; V-Q: Ventilation/Perfusion.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Antonini 1994 Not a RCT.

Atanassoff 1994 Not general anaesthesia.

Atassi 2005 Nitrous oxide used in the control group.

Barr 1999 Not a RCT.

Bronco 2010 Nitrous oxide used in the control group.

Castéra 2001 Not general anaesthesia.

Cheong 2000 Nitrous oxide used in the control group.

Divatia 1996 Not a RCT.

Dover 1994 Not a RCT.

Einarsson 1997 Nitrous oxide used in the control group.

Fredman 1998 Nitrous oxide used in the control group.

Gozdemir 2007 Nitrous oxide used in the control group.

Haessler 1993 Nitrous oxide used in the control group.

Haraguchi 1995 Not general anaesthesia.

Heath 1996 Not general anaesthesia.
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(Continued)

Holst 1993 Nitrous oxide used in the control group.

Ishii 1994 Nitrous oxide used in the control group.

Jastak 1973 Non-adults involvement.

Jellish 1996 Nitrous oxide used in the control group.

Johnson 1997 Non-adults involvement.

Kryshtalskyj 1990 Not general anaesthesia.

Lim 1992 Non-adults involvement.

Losasso 1992 Non-adults involvement.

Masood 2002 Not general anaesthesia.

Morimoto 1997 Not a RCT.

Nightingale 1992 Non-adults involvement.

Nishiyama 1998 Nitrous oxide used in the control group.

Ogg 1983 Non-adults involvement.

Rocca 2000 Non-adults involvement.

Saïssy 2000 Non-adults involvement.

Simpson 1977 Nitrous oxide used in the control group.

Sinha 2006 Nitrous oxide used in the control group.

Smith 1993 Nitrous oxide used in the control group.

Taki 2003 Non-adults involvement.

Towey 1979 Non-adults involvement.

Van den Berg 1995 Non-adults involvement.

Vari 2010 Nitrous oxide used in the control group.

Wesner 2005 Not a RCT.

Yamakage 2001 Nitrous oxide used in the control group.
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(Continued)

Yang 2004 Nitrous oxide used in the control group.

Zuurmond 1986 Nitrous oxide used in the control group.

Characteristics of studies awaiting assessment [ordered by study ID]

Adams 1994

Methods RCT

Participants 20 ASA 1 to 2 patients 18 to 60 years of age scheduled for orthopaedic surgery

Interventions Intervention : intravenous combined with inhaled anaesthesia ventilated with 1.2 to 2.4 volume % isoflurane in

nitrous oxide and oxygen

Control : total intravenous anaesthesia ventilated with air and oxygen, FiO2 33%

Outcomes Unknown

Notes

Miralles Pardo 1991

Methods Controlled study

Participants 20 ASA 1 to 2 patients

Interventions Intervention : thiopental and nitrous oxide in oxygen

Control : propofol

Outcomes Unknown

Notes

Moussa 1995

Methods Controlled study

Participants Patients scheduled for dental day surgery

Interventions Intervention : anaesthesia ventilated with nitrous oxide

Control : total intravenous anaesthesia

Outcomes Unknown

Notes
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Rashchupkin 2011

Methods Controlled study

Participants 60 patients undergoing open cholecystectomy

Interventions Intervention : nitrous oxide

Control : xenon

Outcomes Unknown

Notes

Röpcke 2001

Methods RCT

Participants 25 female patients during gynaecological laparotomies

Interventions Intervention : sevoflurane in air and oxygen

Control : sevoflurane in nitrous oxide and oxygen

Outcomes Unknown

Notes

Schaffranietz 2000

Methods Controlled study

Participants 40 patients undergoing an elective craniotomy for brain tumour resection

Interventions Intervention : general anaesthesia with nitrous oxide

Control : general anaesthesia without nitrous oxide

Outcomes Unknown

Notes

Segatto 1993

Methods RCT

Participants 200 pregnant patients

Interventions Intervention : thiopental-nitrous oxide anaesthesia

Control : total intravenous anaesthesia

Outcomes Unknown

82Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Segatto 1993 (Continued)

Notes Only title available

Shulunov 2002

Methods Controlled study

Participants 44 patients undergoing cholecystectomy

Interventions Intervention : nitrous oxide and oxygen

Control : xenon and oxygen

Outcomes Unknown

Notes

Abbreviations; ASA: American Society of Anesthesiologists.
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D A T A A N D A N A L Y S E S

Comparison 1. Nitrous oxide-based versus nitrous oxide-free

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Inhospital case fatality rate 8 10148 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.87 [0.61, 1.26]

2 Pneumonia 8 2699 Odds Ratio (M-H, Fixed, 95% CI) 1.68 [1.00, 2.81]

3 Pulmonary atelectasis 5 2400 Odds Ratio (M-H, Fixed, 95% CI) 1.57 [1.18, 2.10]

4 Myocardial infarction 6 9246 Odds Ratio (M-H, Fixed, 95% CI) 1.01 [0.84, 1.22]

5 Stroke 4 9142 Odds Ratio (M-H, Fixed, 95% CI) 1.47 [0.86, 2.53]

6 Severe nausea and vomiting 10 11045 Odds Ratio (M-H, Random, 95% CI) 1.44 [0.97, 2.15]

7 Venous thromboembolism 2 9004 Odds Ratio (M-H, Fixed, 95% CI) 0.73 [0.45, 1.20]

8 Wound infection rate 6 9789 Odds Ratio (M-H, Random, 95% CI) 1.22 [0.84, 1.78]

9 Length of hospital stay 6 1103 Mean Difference (IV, Random, 95% CI) 0.36 [-0.69, 1.40]

10 Inhospital case fatality rate:

type of surgery

4 646 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.64 [0.11, 3.88]

10.1 Intra-abdominal surgery 2 499 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.41 [0.06, 3.03]

10.2 Neurosurgery 2 147 Peto Odds Ratio (Peto, Fixed, 95% CI) 4.45 [0.07, 287.21]

11 Pneumonia: type of surgery 6 427 Odds Ratio (M-H, Fixed, 95% CI) 1.29 [0.48, 3.48]

11.1 Intra-abdominal surgery 3 193 Odds Ratio (M-H, Fixed, 95% CI) 1.12 [0.33, 3.78]

11.2 Neurosurgery 3 234 Odds Ratio (M-H, Fixed, 95% CI) 1.71 [0.30, 9.81]

12 Pulmonary atelectasis: type of

surgery

3 128 Odds Ratio (M-H, Fixed, 95% CI) 0.16 [0.02, 1.06]

12.1 Intra-abdominal surgery 2 102 Odds Ratio (M-H, Fixed, 95% CI) 0.16 [0.02, 1.06]

12.2 Neurosurgery 1 26 Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

13 Myocardial infarction: type of

surgery

3 212 Odds Ratio (M-H, Fixed, 95% CI) 1.24 [0.42, 3.67]

13.1 Intra-abdominal surgery 1 91 Odds Ratio (M-H, Fixed, 95% CI) 2.07 [0.48, 8.93]

13.2 Neurosurgery 1 87 Odds Ratio (M-H, Fixed, 95% CI) 3.44 [0.14, 86.92]

13.3 Vascular surgery 1 34 Odds Ratio (M-H, Fixed, 95% CI) 0.25 [0.02, 2.74]

14 Stroke: type of surgery 2 138 Odds Ratio (M-H, Fixed, 95% CI) 2.46 [0.53, 11.48]

14.1 Neurosurgery 1 87 Odds Ratio (M-H, Fixed, 95% CI) 1.74 [0.28, 10.95]

14.2 Ophthalmic surgery 1 51 Odds Ratio (M-H, Fixed, 95% CI) 5.20 [0.24, 113.98]

15 Severe nausea and vomiting:

type of surgery

8 2041 Odds Ratio (M-H, Fixed, 95% CI) 1.13 [0.72, 1.78]

15.1 Day-case

procedure/examination

4 1624 Odds Ratio (M-H, Fixed, 95% CI) 0.65 [0.30, 1.41]

15.2 Intra-abdominal surgery 3 233 Odds Ratio (M-H, Fixed, 95% CI) 1.56 [0.65, 3.71]

15.3 Breast surgery 1 184 Odds Ratio (M-H, Fixed, 95% CI) 1.44 [0.70, 2.99]

16 Wound infection rate: type of

surgery

3 525 Odds Ratio (M-H, Random, 95% CI) 1.63 [0.28, 9.33]

16.1 Intra-abdominal surgery 2 499 Odds Ratio (M-H, Random, 95% CI) 1.63 [0.28, 9.33]

16.2 Neurosurgery 1 26 Odds Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

17 Length of hospital stay: type of

surgery

3 556 Mean Difference (IV, Fixed, 95% CI) -0.45 [-1.44, 0.54]

17.1 Intra-abdominal surgery 2 530 Mean Difference (IV, Fixed, 95% CI) -0.12 [-1.25, 1.00]

17.2 Neurosurgery 1 26 Mean Difference (IV, Fixed, 95% CI) -1.60 [-3.71, 0.51]
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18 Inhospital case fatality rate:

concentrations of inhaled

nitrous oxide

7 9920 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.86 [0.60, 1.24]

18.1 High-concentration

nitrous oxide

7 9920 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.86 [0.60, 1.24]

19 Stroke: concentrations of

inhaled nitrous oxide

3 9091 Odds Ratio (M-H, Fixed, 95% CI) 1.39 [0.80, 2.42]

19.1 High-concentration

nitrous oxide

3 9091 Odds Ratio (M-H, Fixed, 95% CI) 1.39 [0.80, 2.42]

20 Severe nausea and vomiting:

concentrations of inhaled

nitrous oxide

8 10847 Odds Ratio (M-H, Random, 95% CI) 1.37 [0.89, 2.11]

20.1 High-concentration

nitrous oxide

7 10691 Odds Ratio (M-H, Random, 95% CI) 1.34 [0.81, 2.19]

20.2 Low-concentration

nitrous oxide

2 156 Odds Ratio (M-H, Random, 95% CI) 1.39 [0.53, 3.68]

21 Length of hospital stay:

concentrations of inhaled

nitrous oxide

5 875 Mean Difference (IV, Random, 95% CI) 0.45 [-1.03, 1.93]

21.1 High-concentration

nitrous oxide

5 875 Mean Difference (IV, Random, 95% CI) 0.45 [-1.03, 1.93]

22 Inhospital case fatality rate:

techniques used in the nitrous

oxide-free group

6 1144 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.33 [0.29, 6.00]

22.1 Propofol-based

maintenance of anaesthesia

used in the nitrous oxide-free

group

1 121 Peto Odds Ratio (Peto, Fixed, 95% CI) 4.45 [0.07, 287.21]

22.2 Volatile anaesthetic-based

maintenance of anaesthesia

used in the nitrous oxide-free

group

5 1023 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.11 [0.22, 5.58]

23 Pneumonia: techniques used in

the nitrous oxide-free group

7 687 Odds Ratio (M-H, Fixed, 95% CI) 1.13 [0.45, 2.86]

23.1 Propofol-based

maintenance of anaesthesia

used in the nitrous oxide-free

group

2 181 Odds Ratio (M-H, Fixed, 95% CI) 0.50 [0.07, 3.61]

23.2 Volatile anaesthetic-based

maintenance of anaesthesia

used in the nitrous oxide-free

group

5 506 Odds Ratio (M-H, Fixed, 95% CI) 1.42 [0.49, 4.06]

24 Pulmonary atelectasis:

techniques used in the nitrous

oxide-free group

4 388 Odds Ratio (M-H, Fixed, 95% CI) 0.32 [0.09, 1.12]

24.1 Propofol-based

maintenance of anaesthesia

used in the nitrous oxide-free

group

2 102 Odds Ratio (M-H, Fixed, 95% CI) 0.16 [0.02, 1.06]
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24.2 Volatile anaesthetic-based

maintenance of anaesthesia

used in the nitrous oxide-free

group

2 286 Odds Ratio (M-H, Fixed, 95% CI) 0.70 [0.12, 4.29]

25 Myocardial infarction:

techniques used in the nitrous

oxide-free group

4 242 Odds Ratio (M-H, Fixed, 95% CI) 0.96 [0.37, 2.53]

25.1 Volatile anaesthetic-based

maintenance of anaesthesia

used in the nitrous oxide-free

group

4 242 Odds Ratio (M-H, Fixed, 95% CI) 0.96 [0.37, 2.53]

26 Stroke: techniques used in the

nitrous oxide-free group

2 138 Odds Ratio (M-H, Fixed, 95% CI) 2.46 [0.53, 11.48]

26.1 Propofol-based

maintenance of anaesthesia

used in the nitrous oxide-free

group

1 51 Odds Ratio (M-H, Fixed, 95% CI) 5.20 [0.24, 113.98]

26.2 Volatile anaesthetic-based

maintenance of anaesthesia

used in the nitrous oxide-free

group

1 87 Odds Ratio (M-H, Fixed, 95% CI) 1.74 [0.28, 10.95]

27 Severe nausea and vomiting:

techniques used in the nitrous

oxide-free group

8 2041 Odds Ratio (M-H, Fixed, 95% CI) 1.13 [0.72, 1.78]

27.1 Propofol-based

maintenance of anaesthesia

used in the nitrous oxide-free

group

1 1417 Odds Ratio (M-H, Fixed, 95% CI) 1.99 [0.18, 22.04]

27.2 Volatile anaesthetic-based

maintenance of anaesthesia

used in the nitrous oxide-free

group

7 624 Odds Ratio (M-H, Fixed, 95% CI) 1.11 [0.70, 1.75]

28 Wound infection rate:

techniques used in the nitrous

oxide-free group

4 785 Odds Ratio (M-H, Random, 95% CI) 2.13 [0.44, 10.22]

28.1 Volatile anaesthetic-based

maintenance of anaesthesia

used in the nitrous oxide-free

group

4 785 Odds Ratio (M-H, Random, 95% CI) 2.13 [0.44, 10.22]

29 Length of hospital stay:

techniques used in the nitrous

oxide-free group

5 1044 Mean Difference (IV, Fixed, 95% CI) 0.20 [-0.36, 0.75]

29.1 Volatile anaesthetic-based

maintenance of anaesthesia

used in the nitrous oxide-free

group

5 1044 Mean Difference (IV, Fixed, 95% CI) 0.20 [-0.36, 0.75]
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Analysis 1.1. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 1 Inhospital case

fatality rate.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 1 Inhospital case fatality rate

Study or subgroup Nitrous oxide-based Nitrous oxide-free
Peto

Odds Ratio Weight
Peto

Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Chen 2013 1/31 0/60 0.8 % 18.83 [ 0.30, 1177.36 ]

Eger 1990 1/133 0/137 0.9 % 7.61 [ 0.15, 383.92 ]

ENIGMA II trial 2014 42/3483 57/3509 83.9 % 0.74 [ 0.50, 1.10 ]

ENIGMA trial 2007 9/1015 3/997 10.3 % 2.68 [ 0.86, 8.35 ]

Fleischmann 2005 0/206 3/202 2.6 % 0.13 [ 0.01, 1.27 ]

Lampe 1990 0/13 0/13 Not estimable

Leung 2006 1/114 0/114 0.9 % 7.39 [ 0.15, 372.38 ]

Todd 1993 1/81 0/40 0.8 % 4.45 [ 0.07, 287.21 ]

Total (95% CI) 5076 5072 100.0 % 0.87 [ 0.61, 1.26 ]

Total events: 55 (Nitrous oxide-based), 63 (Nitrous oxide-free)

Heterogeneity: Chi2 = 12.12, df = 6 (P = 0.06); I2 =50%

Test for overall effect: Z = 0.72 (P = 0.47)

Test for subgroup differences: Not applicable

0.005 0.1 1 10 200

Favours nitrous oxide-based Favours nitrous oxide-free
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Analysis 1.2. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 2 Pneumonia.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 2 Pneumonia

Study or subgroup Nitrous oxide-based Nitrous oxide-free Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Chen 2013 3/31 4/60 10.7 % 1.50 [ 0.31, 7.17 ]

Eger 1990 0/126 1/134 6.3 % 0.35 [ 0.01, 8.72 ]

ENIGMA trial 2007 30/1015 15/997 63.7 % 1.99 [ 1.07, 3.73 ]

Jensen 1992 0/40 1/20 8.5 % 0.16 [ 0.01, 4.12 ]

Jensen 1993a 1/21 0/21 2.0 % 3.15 [ 0.12, 81.74 ]

Lampe 1990 1/13 1/13 4.0 % 1.00 [ 0.06, 17.90 ]

Singh 2011 1/41 0/46 2.0 % 3.44 [ 0.14, 86.92 ]

Todd 1993 1/81 0/40 2.8 % 1.51 [ 0.06, 37.88 ]

Total (95% CI) 1368 1331 100.0 % 1.68 [ 1.00, 2.81 ]

Total events: 37 (Nitrous oxide-based), 22 (Nitrous oxide-free)

Heterogeneity: Chi2 = 3.69, df = 7 (P = 0.81); I2 =0.0%

Test for overall effect: Z = 1.98 (P = 0.048)

Test for subgroup differences: Not applicable

0.02 0.1 1 10 50

Favours nitrous oxide-based Favours nitrous oxide-free
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Analysis 1.3. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 3 Pulmonary

atelectasis.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 3 Pulmonary atelectasis

Study or subgroup Nitrous oxide-based Nitrous oxide-free Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Eger 1990 2/126 3/134 3.8 % 0.70 [ 0.12, 4.29 ]

ENIGMA trial 2007 127/1015 75/997 87.1 % 1.76 [ 1.30, 2.37 ]

Jensen 1992 1/40 1/20 1.7 % 0.49 [ 0.03, 8.22 ]

Jensen 1993b 20/28 14/14 7.4 % 0.08 [ 0.00, 1.56 ]

Lampe 1990 0/13 0/13 Not estimable

Total (95% CI) 1222 1178 100.0 % 1.57 [ 1.18, 2.10 ]

Total events: 150 (Nitrous oxide-based), 93 (Nitrous oxide-free)

Heterogeneity: Chi2 = 5.82, df = 3 (P = 0.12); I2 =48%

Test for overall effect: Z = 3.10 (P = 0.0019)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours nitrous oxide-based Favours nitrous oxide-free
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Analysis 1.4. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 4 Myocardial infarction.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 4 Myocardial infarction

Study or subgroup Nitrous oxide-based Nitrous oxide-free Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Chen 2013 4/31 4/60 1.1 % 2.07 [ 0.48, 8.93 ]

Eger 1990 1/14 3/16 1.2 % 0.33 [ 0.03, 3.64 ]

ENIGMA II trial 2014 215/3483 219/3509 93.0 % 0.99 [ 0.81, 1.20 ]

ENIGMA trial 2007 13/1015 7/997 3.2 % 1.83 [ 0.73, 4.62 ]

Kozmary 1990 1/18 3/16 1.4 % 0.25 [ 0.02, 2.74 ]

Singh 2011 1/41 0/46 0.2 % 3.44 [ 0.14, 86.92 ]

Total (95% CI) 4602 4644 100.0 % 1.01 [ 0.84, 1.22 ]

Total events: 235 (Nitrous oxide-based), 236 (Nitrous oxide-free)

Heterogeneity: Chi2 = 5.26, df = 5 (P = 0.39); I2 =5%

Test for overall effect: Z = 0.15 (P = 0.88)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours nitrous oxide-based Favours nitrous oxide-free
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Analysis 1.5. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 5 Stroke.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 5 Stroke

Study or subgroup Nitrous oxide-based Nitrous oxide-free Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Deleu 2000 2/26 0/25 2.1 % 5.20 [ 0.24, 113.98 ]

ENIGMA II trial 2014 26/3483 19/3509 85.4 % 1.38 [ 0.76, 2.50 ]

ENIGMA trial 2007 1/1015 1/997 4.6 % 0.98 [ 0.06, 15.73 ]

Singh 2011 3/41 2/46 7.9 % 1.74 [ 0.28, 10.95 ]

Total (95% CI) 4565 4577 100.0 % 1.47 [ 0.86, 2.53 ]

Total events: 32 (Nitrous oxide-based), 22 (Nitrous oxide-free)

Heterogeneity: Chi2 = 0.80, df = 3 (P = 0.85); I2 =0.0%

Test for overall effect: Z = 1.40 (P = 0.16)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours nitrous oxide-based Favours nitrous oxide-free
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Analysis 1.6. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 6 Severe nausea and

vomiting.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 6 Severe nausea and vomiting

Study or subgroup Nitrous oxide-based Nitrous oxide-free Odds Ratio Weight Odds Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Arellano 2000 2/710 1/707 2.5 % 1.99 [ 0.18, 22.04 ]

ENIGMA II trial 2014 506/3483 378/3509 27.2 % 1.41 [ 1.22, 1.62 ]

ENIGMA trial 2007 229/1015 104/997 25.4 % 2.50 [ 1.95, 3.21 ]

Mraovic 2008 12/91 5/46 8.9 % 1.25 [ 0.41, 3.78 ]

Paredi 1994 3/30 0/30 1.7 % 7.76 [ 0.38, 157.14 ]

Pedersen 1993 3/17 3/19 4.4 % 1.14 [ 0.20, 6.60 ]

Sengupta 1988 5/33 3/31 5.5 % 1.67 [ 0.36, 7.65 ]

Short 1985 0/40 2/11 1.6 % 0.05 [ 0.00, 1.06 ]

Van Hemelrijck 1991 9/69 6/23 8.3 % 0.43 [ 0.13, 1.36 ]

Vanacker 1999 21/91 16/93 14.6 % 1.44 [ 0.70, 2.99 ]

Total (95% CI) 5579 5466 100.0 % 1.44 [ 0.97, 2.15 ]

Total events: 790 (Nitrous oxide-based), 518 (Nitrous oxide-free)

Heterogeneity: Tau2 = 0.15; Chi2 = 26.68, df = 9 (P = 0.002); I2 =66%

Test for overall effect: Z = 1.80 (P = 0.072)

Test for subgroup differences: Not applicable
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Analysis 1.7. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 7 Venous

thromboembolism.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 7 Venous thromboembolism

Study or subgroup Nitrous oxide-based Nitrous oxide-free Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

ENIGMA II trial 2014 18/3483 22/3509 57.7 % 0.82 [ 0.44, 1.54 ]

ENIGMA trial 2007 10/1015 16/997 42.3 % 0.61 [ 0.28, 1.35 ]

Total (95% CI) 4498 4506 100.0 % 0.73 [ 0.45, 1.20 ]

Total events: 28 (Nitrous oxide-based), 38 (Nitrous oxide-free)

Heterogeneity: Chi2 = 0.34, df = 1 (P = 0.56); I2 =0.0%

Test for overall effect: Z = 1.24 (P = 0.21)

Test for subgroup differences: Not applicable
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Analysis 1.8. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 8 Wound infection rate.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 8 Wound infection rate

Study or subgroup Nitrous oxide-based Nitrous oxide-free Odds Ratio Weight Odds Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Chen 2013 10/31 6/60 8.6 % 4.29 [ 1.38, 13.28 ]

Eger 1990 3/126 0/134 1.5 % 7.62 [ 0.39, 149.08 ]

ENIGMA II trial 2014 321/3483 311/3509 36.4 % 1.04 [ 0.89, 1.23 ]

ENIGMA trial 2007 106/1015 77/997 31.0 % 1.39 [ 1.02, 1.89 ]

Fleischmann 2005 31/206 40/202 22.5 % 0.72 [ 0.43, 1.20 ]

Lampe 1990 0/13 0/13 Not estimable

Total (95% CI) 4874 4915 100.0 % 1.22 [ 0.84, 1.78 ]

Total events: 471 (Nitrous oxide-based), 434 (Nitrous oxide-free)

Heterogeneity: Tau2 = 0.09; Chi2 = 12.49, df = 4 (P = 0.01); I2 =68%

Test for overall effect: Z = 1.04 (P = 0.30)

Test for subgroup differences: Not applicable
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Analysis 1.9. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 9 Length of hospital

stay.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 9 Length of hospital stay

Study or subgroup Nitrous oxide-based Nitrous oxide-free
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Chen 2013 31 12.5 (10.3) 30 9.7 (4.4) 5.8 % 2.80 [ -1.15, 6.75 ]

Chen 2013 31 12.5 (10.3) 30 10.2 (12.3) 3.0 % 2.30 [ -3.40, 8.00 ]

Eger 1990 126 8.1 (5) 134 7.8 (4.4) 23.6 % 0.30 [ -0.85, 1.45 ]

Fleischmann 2005 206 11.1 (4.9) 202 11.6 (7.2) 23.1 % -0.50 [ -1.70, 0.70 ]

Lampe 1990 13 7 (2.2) 13 8.6 (3.2) 14.1 % -1.60 [ -3.71, 0.51 ]

Leung 2006 114 5.4 (3.5) 114 4.8 (2.9) 27.3 % 0.60 [ -0.23, 1.43 ]

Myles 2008a 25 16 (14) 34 8.6 (3.7) 3.1 % 7.40 [ 1.77, 13.03 ]

Total (95% CI) 546 557 100.0 % 0.36 [ -0.69, 1.40 ]

Heterogeneity: Tau2 = 0.86; Chi2 = 13.43, df = 6 (P = 0.04); I2 =55%

Test for overall effect: Z = 0.67 (P = 0.50)

Test for subgroup differences: Not applicable
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Analysis 1.10. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 10 Inhospital case

fatality rate: type of surgery.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 10 Inhospital case fatality rate: type of surgery

Study or subgroup Nitrous oxide-based Nitrous oxide-free
Peto

Odds Ratio Weight
Peto

Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

1 Intra-abdominal surgery

Chen 2013 1/31 0/60 18.8 % 18.83 [ 0.30, 1177.36 ]

Fleischmann 2005 0/206 3/202 62.6 % 0.13 [ 0.01, 1.27 ]

Subtotal (95% CI) 237 262 81.4 % 0.41 [ 0.06, 3.03 ]

Total events: 1 (Nitrous oxide-based), 3 (Nitrous oxide-free)

Heterogeneity: Chi2 = 4.26, df = 1 (P = 0.04); I2 =77%

Test for overall effect: Z = 0.87 (P = 0.39)

2 Neurosurgery

Lampe 1990 0/13 0/13 Not estimable

Todd 1993 1/81 0/40 18.6 % 4.45 [ 0.07, 287.21 ]

Subtotal (95% CI) 94 53 18.6 % 4.45 [ 0.07, 287.21 ]

Total events: 1 (Nitrous oxide-based), 0 (Nitrous oxide-free)

Heterogeneity: not applicable

Test for overall effect: Z = 0.70 (P = 0.48)

Total (95% CI) 331 315 100.0 % 0.64 [ 0.11, 3.88 ]

Total events: 2 (Nitrous oxide-based), 3 (Nitrous oxide-free)

Heterogeneity: Chi2 = 5.27, df = 2 (P = 0.07); I2 =62%

Test for overall effect: Z = 0.48 (P = 0.63)

Test for subgroup differences: Chi2 = 1.02, df = 1 (P = 0.31), I2 =2%
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Analysis 1.11. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 11 Pneumonia: type

of surgery.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 11 Pneumonia: type of surgery

Study or subgroup Nitrous oxide-based Nitrous oxide-free Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Intra-abdominal surgery

Chen 2013 3/31 4/60 35.6 % 1.50 [ 0.31, 7.17 ]

Jensen 1992 0/40 1/20 28.3 % 0.16 [ 0.01, 4.12 ]

Jensen 1993a 1/21 0/21 6.7 % 3.15 [ 0.12, 81.74 ]

Subtotal (95% CI) 92 101 70.6 % 1.12 [ 0.33, 3.78 ]

Total events: 4 (Nitrous oxide-based), 5 (Nitrous oxide-free)

Heterogeneity: Chi2 = 1.90, df = 2 (P = 0.39); I2 =0.0%

Test for overall effect: Z = 0.18 (P = 0.86)

2 Neurosurgery

Lampe 1990 1/13 1/13 13.3 % 1.00 [ 0.06, 17.90 ]

Singh 2011 1/41 0/46 6.6 % 3.44 [ 0.14, 86.92 ]

Todd 1993 1/81 0/40 9.5 % 1.51 [ 0.06, 37.88 ]

Subtotal (95% CI) 135 99 29.4 % 1.71 [ 0.30, 9.81 ]

Total events: 3 (Nitrous oxide-based), 1 (Nitrous oxide-free)

Heterogeneity: Chi2 = 0.32, df = 2 (P = 0.85); I2 =0.0%

Test for overall effect: Z = 0.60 (P = 0.55)

Total (95% CI) 227 200 100.0 % 1.29 [ 0.48, 3.48 ]

Total events: 7 (Nitrous oxide-based), 6 (Nitrous oxide-free)

Heterogeneity: Chi2 = 2.30, df = 5 (P = 0.81); I2 =0.0%

Test for overall effect: Z = 0.51 (P = 0.61)

Test for subgroup differences: Chi2 = 0.15, df = 1 (P = 0.70), I2 =0.0%
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Analysis 1.12. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 12 Pulmonary

atelectasis: type of surgery.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 12 Pulmonary atelectasis: type of surgery

Study or subgroup Nitrous oxide-based Nitrous oxide-free Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Intra-abdominal surgery

Jensen 1992 1/40 1/20 18.8 % 0.49 [ 0.03, 8.22 ]

Jensen 1993b 20/28 14/14 81.2 % 0.08 [ 0.00, 1.56 ]

Subtotal (95% CI) 68 34 100.0 % 0.16 [ 0.02, 1.06 ]

Total events: 21 (Nitrous oxide-based), 15 (Nitrous oxide-free)

Heterogeneity: Chi2 = 0.79, df = 1 (P = 0.37); I2 =0.0%

Test for overall effect: Z = 1.90 (P = 0.058)

2 Neurosurgery

Lampe 1990 0/13 0/13 Not estimable

Subtotal (95% CI) 13 13 Not estimable

Total events: 0 (Nitrous oxide-based), 0 (Nitrous oxide-free)

Heterogeneity: not applicable

Test for overall effect: not applicable

Total (95% CI) 81 47 100.0 % 0.16 [ 0.02, 1.06 ]

Total events: 21 (Nitrous oxide-based), 15 (Nitrous oxide-free)

Heterogeneity: Chi2 = 0.79, df = 1 (P = 0.37); I2 =0.0%

Test for overall effect: Z = 1.90 (P = 0.058)

Test for subgroup differences: Not applicable
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Analysis 1.13. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 13 Myocardial

infarction: type of surgery.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 13 Myocardial infarction: type of surgery

Study or subgroup Nitrous oxide-based Nitrous oxide-free Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Intra-abdominal surgery

Chen 2013 4/31 4/60 40.7 % 2.07 [ 0.48, 8.93 ]

Subtotal (95% CI) 31 60 40.7 % 2.07 [ 0.48, 8.93 ]

Total events: 4 (Nitrous oxide-based), 4 (Nitrous oxide-free)

Heterogeneity: not applicable

Test for overall effect: Z = 0.98 (P = 0.33)

2 Neurosurgery

Singh 2011 1/41 0/46 7.8 % 3.44 [ 0.14, 86.92 ]

Subtotal (95% CI) 41 46 7.8 % 3.44 [ 0.14, 86.92 ]

Total events: 1 (Nitrous oxide-based), 0 (Nitrous oxide-free)

Heterogeneity: not applicable

Test for overall effect: Z = 0.75 (P = 0.45)

3 Vascular surgery

Kozmary 1990 1/18 3/16 51.5 % 0.25 [ 0.02, 2.74 ]

Subtotal (95% CI) 18 16 51.5 % 0.25 [ 0.02, 2.74 ]

Total events: 1 (Nitrous oxide-based), 3 (Nitrous oxide-free)

Heterogeneity: not applicable

Test for overall effect: Z = 1.13 (P = 0.26)

Total (95% CI) 90 122 100.0 % 1.24 [ 0.42, 3.67 ]

Total events: 6 (Nitrous oxide-based), 7 (Nitrous oxide-free)

Heterogeneity: Chi2 = 2.56, df = 2 (P = 0.28); I2 =22%

Test for overall effect: Z = 0.40 (P = 0.69)

Test for subgroup differences: Chi2 = 2.55, df = 2 (P = 0.28), I2 =21%
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Analysis 1.14. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 14 Stroke: type of

surgery.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 14 Stroke: type of surgery

Study or subgroup Nitrous oxide-based Nitrous oxide-free Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Neurosurgery

Singh 2011 3/41 2/46 79.1 % 1.74 [ 0.28, 10.95 ]

Subtotal (95% CI) 41 46 79.1 % 1.74 [ 0.28, 10.95 ]

Total events: 3 (Nitrous oxide-based), 2 (Nitrous oxide-free)

Heterogeneity: not applicable

Test for overall effect: Z = 0.59 (P = 0.56)

2 Ophthalmic surgery

Deleu 2000 2/26 0/25 20.9 % 5.20 [ 0.24, 113.98 ]

Subtotal (95% CI) 26 25 20.9 % 5.20 [ 0.24, 113.98 ]

Total events: 2 (Nitrous oxide-based), 0 (Nitrous oxide-free)

Heterogeneity: not applicable

Test for overall effect: Z = 1.05 (P = 0.29)

Total (95% CI) 67 71 100.0 % 2.46 [ 0.53, 11.48 ]

Total events: 5 (Nitrous oxide-based), 2 (Nitrous oxide-free)

Heterogeneity: Chi2 = 0.36, df = 1 (P = 0.55); I2 =0.0%

Test for overall effect: Z = 1.15 (P = 0.25)

Test for subgroup differences: Chi2 = 0.36, df = 1 (P = 0.55), I2 =0.0%
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Analysis 1.15. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 15 Severe nausea and

vomiting: type of surgery.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 15 Severe nausea and vomiting: type of surgery

Study or subgroup Nitrous oxide-based Nitrous oxide-free Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Day-case procedure/examination

Arellano 2000 2/710 1/707 2.8 % 1.99 [ 0.18, 22.04 ]

Sengupta 1988 5/33 3/31 7.3 % 1.67 [ 0.36, 7.65 ]

Short 1985 0/40 2/11 10.6 % 0.05 [ 0.00, 1.06 ]

Van Hemelrijck 1991 9/69 6/23 21.7 % 0.43 [ 0.13, 1.36 ]

Subtotal (95% CI) 852 772 42.4 % 0.65 [ 0.30, 1.41 ]

Total events: 16 (Nitrous oxide-based), 12 (Nitrous oxide-free)

Heterogeneity: Chi2 = 5.55, df = 3 (P = 0.14); I2 =46%

Test for overall effect: Z = 1.10 (P = 0.27)

2 Intra-abdominal surgery

Mraovic 2008 12/91 5/46 16.0 % 1.25 [ 0.41, 3.78 ]

Paredi 1994 3/30 0/30 1.2 % 7.76 [ 0.38, 157.14 ]

Pedersen 1993 3/17 3/19 6.5 % 1.14 [ 0.20, 6.60 ]

Subtotal (95% CI) 138 95 23.7 % 1.56 [ 0.65, 3.71 ]

Total events: 18 (Nitrous oxide-based), 8 (Nitrous oxide-free)

Heterogeneity: Chi2 = 1.37, df = 2 (P = 0.50); I2 =0.0%

Test for overall effect: Z = 1.00 (P = 0.32)

3 Breast surgery

Vanacker 1999 21/91 16/93 33.8 % 1.44 [ 0.70, 2.99 ]

Subtotal (95% CI) 91 93 33.8 % 1.44 [ 0.70, 2.99 ]

Total events: 21 (Nitrous oxide-based), 16 (Nitrous oxide-free)

Heterogeneity: not applicable

Test for overall effect: Z = 0.99 (P = 0.32)

Total (95% CI) 1081 960 100.0 % 1.13 [ 0.72, 1.78 ]

Total events: 55 (Nitrous oxide-based), 36 (Nitrous oxide-free)

Heterogeneity: Chi2 = 9.22, df = 7 (P = 0.24); I2 =24%

Test for overall effect: Z = 0.54 (P = 0.59)

Test for subgroup differences: Chi2 = 2.94, df = 2 (P = 0.23), I2 =32%
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Analysis 1.16. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 16 Wound infection

rate: type of surgery.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 16 Wound infection rate: type of surgery

Study or subgroup Nitrous oxide-based Nitrous oxide-free Odds Ratio Weight Odds Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 Intra-abdominal surgery

Chen 2013 10/31 6/60 45.9 % 4.29 [ 1.38, 13.28 ]

Fleischmann 2005 31/206 40/202 54.1 % 0.72 [ 0.43, 1.20 ]

Subtotal (95% CI) 237 262 100.0 % 1.63 [ 0.28, 9.33 ]

Total events: 41 (Nitrous oxide-based), 46 (Nitrous oxide-free)

Heterogeneity: Tau2 = 1.40; Chi2 = 7.95, df = 1 (P = 0.005); I2 =87%

Test for overall effect: Z = 0.55 (P = 0.58)

2 Neurosurgery

Lampe 1990 0/13 0/13 Not estimable

Subtotal (95% CI) 13 13 Not estimable

Total events: 0 (Nitrous oxide-based), 0 (Nitrous oxide-free)

Heterogeneity: not applicable

Test for overall effect: not applicable

Total (95% CI) 250 275 100.0 % 1.63 [ 0.28, 9.33 ]

Total events: 41 (Nitrous oxide-based), 46 (Nitrous oxide-free)

Heterogeneity: Tau2 = 1.40; Chi2 = 7.95, df = 1 (P = 0.005); I2 =87%

Test for overall effect: Z = 0.55 (P = 0.58)

Test for subgroup differences: Not applicable
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Analysis 1.17. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 17 Length of hospital

stay: type of surgery.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 17 Length of hospital stay: type of surgery

Study or subgroup Nitrous oxide-based Nitrous oxide-free
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Intra-abdominal surgery

Chen 2013 31 12.5 (10.3) 30 9.7 (4.4) 6.3 % 2.80 [ -1.15, 6.75 ]

Chen 2013 31 12.5 (10.3) 30 10.2 (12.3) 3.0 % 2.30 [ -3.40, 8.00 ]

Fleischmann 2005 206 11.1 (4.9) 202 11.6 (7.2) 68.6 % -0.50 [ -1.70, 0.70 ]

Subtotal (95% CI) 268 262 77.9 % -0.12 [ -1.25, 1.00 ]

Heterogeneity: Chi2 = 3.17, df = 2 (P = 0.20); I2 =37%

Test for overall effect: Z = 0.22 (P = 0.83)

2 Neurosurgery

Lampe 1990 13 7 (2.2) 13 8.6 (3.2) 22.1 % -1.60 [ -3.71, 0.51 ]

Subtotal (95% CI) 13 13 22.1 % -1.60 [ -3.71, 0.51 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.49 (P = 0.14)

Total (95% CI) 281 275 100.0 % -0.45 [ -1.44, 0.54 ]

Heterogeneity: Chi2 = 4.64, df = 3 (P = 0.20); I2 =35%

Test for overall effect: Z = 0.89 (P = 0.37)

Test for subgroup differences: Chi2 = 1.46, df = 1 (P = 0.23), I2 =32%
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Analysis 1.18. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 18 Inhospital case

fatality rate: concentrations of inhaled nitrous oxide.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 18 Inhospital case fatality rate: concentrations of inhaled nitrous oxide

Study or subgroup
High-concentration
nitrous oxide-based Nitrous oxide-free

Peto
Odds Ratio Weight

Peto
Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

1 High-concentration nitrous oxide

Chen 2013 1/31 0/60 0.8 % 18.83 [ 0.30, 1177.36 ]

Eger 1990 1/133 0/137 0.9 % 7.61 [ 0.15, 383.92 ]

ENIGMA II trial 2014 42/3483 57/3509 84.6 % 0.74 [ 0.50, 1.10 ]

ENIGMA trial 2007 9/1015 3/997 10.3 % 2.68 [ 0.86, 8.35 ]

Fleischmann 2005 0/206 3/202 2.6 % 0.13 [ 0.01, 1.27 ]

Lampe 1990 0/13 0/13 Not estimable

Todd 1993 1/81 0/40 0.8 % 4.45 [ 0.07, 287.21 ]

Total (95% CI) 4962 4958 100.0 % 0.86 [ 0.60, 1.24 ]

Total events: 54 (High-concentration nitrous oxide-based), 63 (Nitrous oxide-free)

Heterogeneity: Chi2 = 10.97, df = 5 (P = 0.05); I2 =54%

Test for overall effect: Z = 0.82 (P = 0.41)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours high-concentration nitrous oxide-based Favours nitrous oxide-free

104Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 1.19. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 19 Stroke:

concentrations of inhaled nitrous oxide.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 19 Stroke: concentrations of inhaled nitrous oxide

Study or subgroup
High-concentration
nitrous oxide-based Nitrous oxide-free Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 High-concentration nitrous oxide

ENIGMA II trial 2014 26/3483 19/3509 87.2 % 1.38 [ 0.76, 2.50 ]

ENIGMA trial 2007 1/1015 1/997 4.7 % 0.98 [ 0.06, 15.73 ]

Singh 2011 3/41 2/46 8.1 % 1.74 [ 0.28, 10.95 ]

Total (95% CI) 4539 4552 100.0 % 1.39 [ 0.80, 2.42 ]

Total events: 30 (High-concentration nitrous oxide-based), 22 (Nitrous oxide-free)

Heterogeneity: Chi2 = 0.12, df = 2 (P = 0.94); I2 =0.0%

Test for overall effect: Z = 1.17 (P = 0.24)

Test for subgroup differences: Not applicable
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Analysis 1.20. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 20 Severe nausea and

vomiting: concentrations of inhaled nitrous oxide.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 20 Severe nausea and vomiting: concentrations of inhaled nitrous oxide

Study or subgroup
High-concentration
nitrous oxide-based Nitrous oxide-free Odds Ratio Weight Odds Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 High-concentration nitrous oxide

Arellano 2000 2/710 1/707 2.9 % 1.99 [ 0.18, 22.04 ]

ENIGMA II trial 2014 506/3483 378/3509 29.6 % 1.41 [ 1.22, 1.62 ]

ENIGMA trial 2007 229/1015 104/997 27.8 % 2.50 [ 1.95, 3.21 ]

Mraovic 2008 6/45 5/46 8.5 % 1.26 [ 0.36, 4.47 ]

Pedersen 1993 3/17 3/19 5.1 % 1.14 [ 0.20, 6.60 ]

Short 1985 0/40 2/11 1.8 % 0.05 [ 0.00, 1.06 ]

Van Hemelrijck 1991 9/69 6/23 9.5 % 0.43 [ 0.13, 1.36 ]

Subtotal (95% CI) 5379 5312 85.2 % 1.34 [ 0.81, 2.19 ]

Total events: 755 (High-concentration nitrous oxide-based), 499 (Nitrous oxide-free)

Heterogeneity: Tau2 = 0.19; Chi2 = 25.48, df = 6 (P = 0.00028); I2 =76%

Test for overall effect: Z = 1.14 (P = 0.25)

2 Low-concentration nitrous oxide

Mraovic 2008 6/46 5/46 8.5 % 1.23 [ 0.35, 4.35 ]

Sengupta 1988 5/33 3/31 6.4 % 1.67 [ 0.36, 7.65 ]

Subtotal (95% CI) 79 77 14.8 % 1.39 [ 0.53, 3.68 ]

Total events: 11 (High-concentration nitrous oxide-based), 8 (Nitrous oxide-free)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.09, df = 1 (P = 0.76); I2 =0.0%

Test for overall effect: Z = 0.67 (P = 0.51)

Total (95% CI) 5458 5389 100.0 % 1.37 [ 0.89, 2.11 ]

Total events: 766 (High-concentration nitrous oxide-based), 507 (Nitrous oxide-free)

Heterogeneity: Tau2 = 0.16; Chi2 = 25.63, df = 8 (P = 0.001); I2 =69%

Test for overall effect: Z = 1.43 (P = 0.15)

Test for subgroup differences: Chi2 = 0.01, df = 1 (P = 0.94), I2 =0.0%

0.01 0.1 1 10 100

Favours high-concentration nitrous oxide-based Favours nitrous oxide-free
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Analysis 1.21. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 21 Length of hospital

stay: concentrations of inhaled nitrous oxide.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 21 Length of hospital stay: concentrations of inhaled nitrous oxide

Study or subgroup
High-concentration
nitrous oxide-based Nitrous oxide-free

Mean
Difference Weight

Mean
Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 High-concentration nitrous oxide

Chen 2013 31 12.5 (10.3) 30 10.2 (12.3) 5.7 % 2.30 [ -3.40, 8.00 ]

Chen 2013 31 12.5 (10.3) 30 9.7 (4.4) 10.0 % 2.80 [ -1.15, 6.75 ]

Eger 1990 126 8.1 (5) 134 7.8 (4.4) 29.2 % 0.30 [ -0.85, 1.45 ]

Fleischmann 2005 206 11.1 (4.9) 202 11.6 (7.2) 28.8 % -0.50 [ -1.70, 0.70 ]

Lampe 1990 13 7 (2.2) 13 8.6 (3.2) 20.6 % -1.60 [ -3.71, 0.51 ]

Myles 2008a 25 16 (14) 34 8.6 (3.7) 5.8 % 7.40 [ 1.77, 13.03 ]

Total (95% CI) 432 443 100.0 % 0.45 [ -1.03, 1.93 ]

Heterogeneity: Tau2 = 1.61; Chi2 = 12.34, df = 5 (P = 0.03); I2 =59%

Test for overall effect: Z = 0.60 (P = 0.55)

Test for subgroup differences: Not applicable

-4 -2 0 2 4
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Analysis 1.22. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 22 Inhospital case

fatality rate: techniques used in the nitrous oxide-free group.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 22 Inhospital case fatality rate: techniques used in the nitrous oxide-free group

Study or subgroup Nitrous oxide-based

Intravenous combined
with inhaled
anaesthesia

Peto
Odds Ratio Weight

Peto
Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

1 Propofol-based maintenance of anaesthesia used in the nitrous oxide-free group

Todd 1993 1/81 0/40 13.1 % 4.45 [ 0.07, 287.21 ]

Subtotal (95% CI) 81 40 13.1 % 4.45 [ 0.07, 287.21 ]

Total events: 1 (Nitrous oxide-based), 0 (Intravenous combined with inhaled anaesthesia)

Heterogeneity: not applicable

Test for overall effect: Z = 0.70 (P = 0.48)

2 Volatile anaesthetic-based maintenance of anaesthesia used in the nitrous oxide-free group

Chen 2013 1/31 0/60 13.3 % 18.83 [ 0.30, 1177.36 ]

Eger 1990 1/133 0/137 14.8 % 7.61 [ 0.15, 383.92 ]

Fleischmann 2005 0/206 3/202 44.1 % 0.13 [ 0.01, 1.27 ]

Lampe 1990 0/13 0/13 Not estimable

Leung 2006 1/114 0/114 14.8 % 7.39 [ 0.15, 372.38 ]

Subtotal (95% CI) 497 526 86.9 % 1.11 [ 0.22, 5.58 ]

Total events: 3 (Nitrous oxide-based), 3 (Intravenous combined with inhaled anaesthesia)

Heterogeneity: Chi2 = 7.02, df = 3 (P = 0.07); I2 =57%

Test for overall effect: Z = 0.13 (P = 0.90)

Total (95% CI) 578 566 100.0 % 1.33 [ 0.29, 6.00 ]

Total events: 4 (Nitrous oxide-based), 3 (Intravenous combined with inhaled anaesthesia)

Heterogeneity: Chi2 = 7.40, df = 4 (P = 0.12); I2 =46%

Test for overall effect: Z = 0.37 (P = 0.71)

Test for subgroup differences: Chi2 = 0.37, df = 1 (P = 0.54), I2 =0.0%

0.001 0.01 0.1 1 10 100 1000

Favours nitrous oxide-based Favours intravenous combined with inhaled anaesthesia
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Analysis 1.23. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 23 Pneumonia:

techniques used in the nitrous oxide-free group.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 23 Pneumonia: techniques used in the nitrous oxide-free group

Study or subgroup Nitrous oxide-based

Intravenous combined
with inhaled
anaesthesia Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Propofol-based maintenance of anaesthesia used in the nitrous oxide-free group

Jensen 1992 0/40 1/20 23.4 % 0.16 [ 0.01, 4.12 ]

Todd 1993 1/81 0/40 7.8 % 1.51 [ 0.06, 37.88 ]

Subtotal (95% CI) 121 60 31.2 % 0.50 [ 0.07, 3.61 ]

Total events: 1 (Nitrous oxide-based), 1 (Intravenous combined with inhaled anaesthesia)

Heterogeneity: Chi2 = 0.92, df = 1 (P = 0.34); I2 =0.0%

Test for overall effect: Z = 0.69 (P = 0.49)

2 Volatile anaesthetic-based maintenance of anaesthesia used in the nitrous oxide-free group

Chen 2013 3/31 4/60 29.4 % 1.50 [ 0.31, 7.17 ]

Eger 1990 0/126 1/134 17.3 % 0.35 [ 0.01, 8.72 ]

Jensen 1993a 1/21 0/21 5.6 % 3.15 [ 0.12, 81.74 ]

Lampe 1990 1/13 1/13 11.0 % 1.00 [ 0.06, 17.90 ]

Singh 2011 1/41 0/46 5.4 % 3.44 [ 0.14, 86.92 ]

Subtotal (95% CI) 232 274 68.8 % 1.42 [ 0.49, 4.06 ]

Total events: 6 (Nitrous oxide-based), 6 (Intravenous combined with inhaled anaesthesia)

Heterogeneity: Chi2 = 1.31, df = 4 (P = 0.86); I2 =0.0%

Test for overall effect: Z = 0.65 (P = 0.52)

Total (95% CI) 353 334 100.0 % 1.13 [ 0.45, 2.86 ]

Total events: 7 (Nitrous oxide-based), 7 (Intravenous combined with inhaled anaesthesia)

Heterogeneity: Chi2 = 2.90, df = 6 (P = 0.82); I2 =0.0%

Test for overall effect: Z = 0.26 (P = 0.80)

Test for subgroup differences: Chi2 = 0.84, df = 1 (P = 0.36), I2 =0.0%

0.02 0.1 1 10 50
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Analysis 1.24. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 24 Pulmonary

atelectasis: techniques used in the nitrous oxide-free group.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 24 Pulmonary atelectasis: techniques used in the nitrous oxide-free group

Study or subgroup Nitrous oxide-based

Intravenous combined
with inhaled
anaesthesia Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Propofol-based maintenance of anaesthesia used in the nitrous oxide-free group

Jensen 1992 1/40 1/20 13.3 % 0.49 [ 0.03, 8.22 ]

Jensen 1993b 20/28 14/14 57.4 % 0.08 [ 0.00, 1.56 ]

Subtotal (95% CI) 68 34 70.7 % 0.16 [ 0.02, 1.06 ]

Total events: 21 (Nitrous oxide-based), 15 (Intravenous combined with inhaled anaesthesia)

Heterogeneity: Chi2 = 0.79, df = 1 (P = 0.37); I2 =0.0%

Test for overall effect: Z = 1.90 (P = 0.058)

2 Volatile anaesthetic-based maintenance of anaesthesia used in the nitrous oxide-free group

Eger 1990 2/126 3/134 29.3 % 0.70 [ 0.12, 4.29 ]

Lampe 1990 0/13 0/13 Not estimable

Subtotal (95% CI) 139 147 29.3 % 0.70 [ 0.12, 4.29 ]

Total events: 2 (Nitrous oxide-based), 3 (Intravenous combined with inhaled anaesthesia)

Heterogeneity: not applicable

Test for overall effect: Z = 0.38 (P = 0.70)

Total (95% CI) 207 181 100.0 % 0.32 [ 0.09, 1.12 ]

Total events: 23 (Nitrous oxide-based), 18 (Intravenous combined with inhaled anaesthesia)

Heterogeneity: Chi2 = 1.63, df = 2 (P = 0.44); I2 =0.0%

Test for overall effect: Z = 1.78 (P = 0.074)

Test for subgroup differences: Chi2 = 1.24, df = 1 (P = 0.27), I2 =19%

0.01 0.1 1 10 100

Favours nitrous oxide-based Favours intravenous combined with inhaled anaesthesia
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Analysis 1.25. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 25 Myocardial

infarction: techniques used in the nitrous oxide-free group.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 25 Myocardial infarction: techniques used in the nitrous oxide-free group

Study or subgroup Nitrous oxide-based

Intravenous combined
with inhaled
anaesthesia Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Volatile anaesthetic-based maintenance of anaesthesia used in the nitrous oxide-free group

Chen 2013 4/31 4/60 28.2 % 2.07 [ 0.48, 8.93 ]

Eger 1990 1/14 3/16 30.8 % 0.33 [ 0.03, 3.64 ]

Kozmary 1990 1/18 3/16 35.6 % 0.25 [ 0.02, 2.74 ]

Singh 2011 1/41 0/46 5.4 % 3.44 [ 0.14, 86.92 ]

Total (95% CI) 104 138 100.0 % 0.96 [ 0.37, 2.53 ]

Total events: 7 (Nitrous oxide-based), 10 (Intravenous combined with inhaled anaesthesia)

Heterogeneity: Chi2 = 3.62, df = 3 (P = 0.31); I2 =17%

Test for overall effect: Z = 0.08 (P = 0.94)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours nitrous oxide-based Favours intravenous combined with inhaled anaesthesia
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Analysis 1.26. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 26 Stroke: techniques

used in the nitrous oxide-free group.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 26 Stroke: techniques used in the nitrous oxide-free group

Study or subgroup Nitrous oxide-based

Intravenous combined
with inhaled
anaesthesia Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Propofol-based maintenance of anaesthesia used in the nitrous oxide-free group

Deleu 2000 2/26 0/25 20.9 % 5.20 [ 0.24, 113.98 ]

Subtotal (95% CI) 26 25 20.9 % 5.20 [ 0.24, 113.98 ]

Total events: 2 (Nitrous oxide-based), 0 (Intravenous combined with inhaled anaesthesia)

Heterogeneity: not applicable

Test for overall effect: Z = 1.05 (P = 0.29)

2 Volatile anaesthetic-based maintenance of anaesthesia used in the nitrous oxide-free group

Singh 2011 3/41 2/46 79.1 % 1.74 [ 0.28, 10.95 ]

Subtotal (95% CI) 41 46 79.1 % 1.74 [ 0.28, 10.95 ]

Total events: 3 (Nitrous oxide-based), 2 (Intravenous combined with inhaled anaesthesia)

Heterogeneity: not applicable

Test for overall effect: Z = 0.59 (P = 0.56)

Total (95% CI) 67 71 100.0 % 2.46 [ 0.53, 11.48 ]

Total events: 5 (Nitrous oxide-based), 2 (Intravenous combined with inhaled anaesthesia)

Heterogeneity: Chi2 = 0.36, df = 1 (P = 0.55); I2 =0.0%

Test for overall effect: Z = 1.15 (P = 0.25)

Test for subgroup differences: Chi2 = 0.36, df = 1 (P = 0.55), I2 =0.0%

0.01 0.1 1 10 100

Favours nitrous oxide-based Favours intravenous combined with inhaled anaesthesia
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Analysis 1.27. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 27 Severe nausea and

vomiting: techniques used in the nitrous oxide-free group.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 27 Severe nausea and vomiting: techniques used in the nitrous oxide-free group

Study or subgroup Nitrous oxide-based

Intravenous combined
with inhaled
anaesthesia Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Propofol-based maintenance of anaesthesia used in the nitrous oxide-free group

Arellano 2000 2/710 1/707 2.8 % 1.99 [ 0.18, 22.04 ]

Subtotal (95% CI) 710 707 2.8 % 1.99 [ 0.18, 22.04 ]

Total events: 2 (Nitrous oxide-based), 1 (Intravenous combined with inhaled anaesthesia)

Heterogeneity: not applicable

Test for overall effect: Z = 0.56 (P = 0.57)

2 Volatile anaesthetic-based maintenance of anaesthesia used in the nitrous oxide-free group

Mraovic 2008 12/91 5/46 16.0 % 1.25 [ 0.41, 3.78 ]

Paredi 1994 3/30 0/30 1.2 % 7.76 [ 0.38, 157.14 ]

Pedersen 1993 3/17 3/19 6.5 % 1.14 [ 0.20, 6.60 ]

Sengupta 1988 5/33 3/31 7.3 % 1.67 [ 0.36, 7.65 ]

Short 1985 0/40 2/11 10.6 % 0.05 [ 0.00, 1.06 ]

Van Hemelrijck 1991 9/69 6/23 21.7 % 0.43 [ 0.13, 1.36 ]

Vanacker 1999 21/91 16/93 33.8 % 1.44 [ 0.70, 2.99 ]

Subtotal (95% CI) 371 253 97.2 % 1.11 [ 0.70, 1.75 ]

Total events: 53 (Nitrous oxide-based), 35 (Intravenous combined with inhaled anaesthesia)

Heterogeneity: Chi2 = 8.99, df = 6 (P = 0.17); I2 =33%

Test for overall effect: Z = 0.44 (P = 0.66)

Total (95% CI) 1081 960 100.0 % 1.13 [ 0.72, 1.78 ]

Total events: 55 (Nitrous oxide-based), 36 (Intravenous combined with inhaled anaesthesia)

Heterogeneity: Chi2 = 9.22, df = 7 (P = 0.24); I2 =24%

Test for overall effect: Z = 0.54 (P = 0.59)

Test for subgroup differences: Chi2 = 0.22, df = 1 (P = 0.64), I2 =0.0%
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Analysis 1.28. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 28 Wound infection

rate: techniques used in the nitrous oxide-free group.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 28 Wound infection rate: techniques used in the nitrous oxide-free group

Study or subgroup Nitrous oxide-based

Intravenous combined
with inhaled
anaesthesia Odds Ratio Weight Odds Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 Volatile anaesthetic-based maintenance of anaesthesia used in the nitrous oxide-free group

Chen 2013 10/31 6/60 37.8 % 4.29 [ 1.38, 13.28 ]

Eger 1990 3/126 0/134 17.5 % 7.62 [ 0.39, 149.08 ]

Fleischmann 2005 31/206 40/202 44.7 % 0.72 [ 0.43, 1.20 ]

Lampe 1990 0/13 0/13 Not estimable

Total (95% CI) 376 409 100.0 % 2.13 [ 0.44, 10.22 ]

Total events: 44 (Nitrous oxide-based), 46 (Intravenous combined with inhaled anaesthesia)

Heterogeneity: Tau2 = 1.36; Chi2 = 9.77, df = 2 (P = 0.01); I2 =80%

Test for overall effect: Z = 0.95 (P = 0.34)

Test for subgroup differences: Not applicable
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Analysis 1.29. Comparison 1 Nitrous oxide-based versus nitrous oxide-free, Outcome 29 Length of hospital

stay: techniques used in the nitrous oxide-free group.

Review: Nitrous oxide-based techniques versus nitrous oxide-free techniques for general anaesthesia

Comparison: 1 Nitrous oxide-based versus nitrous oxide-free

Outcome: 29 Length of hospital stay: techniques used in the nitrous oxide-free group

Study or subgroup

Favours
nitrous

oxide-based

Intravenous combined
with inhaled
anaesthesia

Mean
Difference Weight

Mean
Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Volatile anaesthetic-based maintenance of anaesthesia used in the nitrous oxide-free group

Chen 2013 31 12.5 (10.3) 30 10.2 (12.3) 1.0 % 2.30 [ -3.40, 8.00 ]

Chen 2013 31 12.5 (10.3) 30 9.7 (4.4) 2.0 % 2.80 [ -1.15, 6.75 ]

Eger 1990 126 8.1 (5) 134 7.8 (4.4) 23.6 % 0.30 [ -0.85, 1.45 ]

Fleischmann 2005 206 11.1 (4.9) 202 11.6 (7.2) 21.7 % -0.50 [ -1.70, 0.70 ]

Lampe 1990 13 7 (2.2) 13 8.6 (3.2) 7.0 % -1.60 [ -3.71, 0.51 ]

Leung 2006 114 5.4 (3.5) 114 4.8 (2.9) 44.7 % 0.60 [ -0.23, 1.43 ]

Total (95% CI) 521 523 100.0 % 0.20 [ -0.36, 0.75 ]

Heterogeneity: Chi2 = 7.20, df = 5 (P = 0.21); I2 =31%

Test for overall effect: Z = 0.69 (P = 0.49)

Test for subgroup differences: Not applicable
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A P P E N D I C E S

Appendix 1. CENTRAL, the Cochrane Library

#1MeSH descriptor: [Nitrous Oxide] explode all trees

#2(laughing gas or nitrous oxide or dinitrogen monoxide or dinitrogen oxide or factitious air or hyponitrous acid anhydride or nitrogen

protoxide or N2O):ti,ab

#3#1 or #2

#4MeSH descriptor: [Anesthesia, General] explode all trees

#5general an?esth*:ti,ab

#6surg*:ti,ab

#7MeSH descriptor: [General Surgery] explode all trees

#8(#4 or #5) and (#6 or #7) and #3
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Appendix 2. MEDLINE (Ovid SP)

#1 exp Nitrous oxide/ or (laughing gas or nitrous oxide or dinitrogen monoxide or dinitrogen oxide or factitious air or hyponitrous

acid anhydride or nitrogen protoxide or N2O).ti,ab.

#2 (General anesthesia/ or general an?esthesia.mp.) and (General surgery/ or surg*.mp.)

#3 ((randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or placebo.ab. or clinical trials as topic.sh. or

randomly.ab. or trial.ti.) not (animals not (humans and animals)).sh.

#4 #1 and #2 and #3

Appendix 3. EMBASE (Ovid SP)

#1 exp nitrous oxide/ or (laughing gas or nitrous oxide or dinitrogen monoxide or dinitrogen oxide or factitious air or hyponitrous acid

anhydride or nitrogen protoxide or N2O).ti,ab.

#2 (general anesthesia/ or general an?esthesia.ti,ab.) and (general surgery/ or surg*.ti,ab.)

#3 (placebo.sh. or controlled study.ab. or random*.ti,ab. or trial*.ti,ab. or ((singl* or doubl* or trebl* or tripl*) adj3 (blind* or

mask*)).ti,ab.) not (animals not (humans and animals)).sh.

#4 #1 and #2 and #3

Appendix 4. ISI Web of Science

TS=(laughing gas or nitrous oxide or dinitrogen monoxide or dinitrogen oxide or factitious air or hyponitrous acid anhydride or nitrogen

protoxide or N2O) and TS=((general an?esth*) and surg*) and TS=(random* or (trial* SAME (control* or clinical)) or placebo* or

multicenter* or prospective or ((blind* or mask*) SAME (single or double or triple or treble)))

Appendix 5. Data extraction form

Study selection form

First author Journal/Conference proceedings etc Year

Study eligibility

RCT Relevant participants (age over

18 years, having standard general

anaesthesia)

Relevant interventions (nitrous

oxide-based throughout duration

of anaesthesia compared with ni-

trous oxide-free)

Relevant outcomes:

Inhospital case fatality rate, pul-

monary complications (pneumo-

nia and pulmonary atelectasis),

heart complications (myocardial

infarction), neurological compli-

cations (stroke), other complica-

tions (venous thromboembolism,

wound infection rate and severe

nausea and vomiting), length of

stay (length of hospital stay and

length of ICU stay)
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(Continued)

Yes/No/Unclear Yes/No/Unclear Yes/No/Unclear Yes/No/Unclear

Issue relates to selective reporting - when study authors may have taken measurements for particular outcomes, but not reported these

within the paper(s). Review authors should contact study authors for information on possible non-reported outcomes and reasons for

exclusion from publication. Study should be listed in ’Studies awaiting assessment’ section until clarified. If no clarification is received

after three attempts, the review authors should exclude the study.

Do not proceed if any of the above answers are “No”. If study is to be included in the ’Excluded studies’ section of the review,

record below the information to be inserted into ’Table of excluded studies’ section.

References to trial

Check other references identified in searches. If there are further references to this trial link the papers now and list below. All references

to a trial should be linked under one Study ID in RevMan 5.3.

Code each paper Author(s) Journal/Conference proceedings etc Year

A The paper listed above

B Further papers

Participants and trial characteristics

Participant and trial characteristics

Characteristics Further details

Age (mean, median, range, etc)

Number of participants in each intervention group

Sex of participants (numbers/%, etc)

Disease status/type, etc? (if applicable)

ASA physical status classification

Type of surgery

Single centre/multi-centre

Country/Countries
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(Continued)

Number of participants who were analysed

Trial design (e.g. parallel/cross-over*)

Other

Abbreviations: ASA: American Society of Anesthesiologists.

Details of intervention

Groups Details of intervention

Nitrous oxide based group(concentration of inhaled N2O, O2

separately, duration of inhaled N2O)

Nitrous oxide-free group (inhaled gas, concentration of inhaled

O2)

Methodological quality

Allocation of intervention

State here method used to generate allocation and reasons for

grading

Grade (circle)

Comment on allocation by review authors or included study quote

concerning allocation

Adequate (random)

Inadequate (e.g. alternate)

Unclear

Concealment of allocation

State here method used to generate allocation and reasons for

grading

Grade (circle)

Comment on allocation by review authors or included study quote

concerning allocation

Adequate (random)

Inadequate (e.g. alternate)

Unclear

Blinding

Person responsible for participants’ care Yes/No
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(Continued)

Participant Yes/No

Outcome assessor Yes/No

Other (please specify) Yes/No

Intention-to-treat

All participants entering trial

15% or fewer excluded

More than 15% excluded

Not analysed as “intention-to-treat”

Unclear

Were withdrawals described? Yes/No/Unclear

Discuss if appropriate

For “duration of stay” data

Code of pa-

per

Outcomes Unit of mea-

surement

N2O-based group N2O-free group Details if outcome only

described in text

n Mean n Mean

Secondary outcomes

Duration of

hospital stay

Yes/No

Duration of

ICU stay

For dichotomous data

Code of paper Outcomes N2O-based group(n)

n = number of participants, not

number of events

N2O-free group(n)

n = number of participants, not

number of events

Primary outcomes
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(Continued)

Inhospital case fatality rate

Secondary outcomes

Pneumonia

Pulmonary atelectasis

Myocardial infarction

Stroke

Severe nausea and vomiting

Venous thromboembolism

Wound infection rate

Other information which you feel is relevant to the results

Indicate if: any data were obtained from the primary study author; if results were estimated from graphs etc; or calculated by

you using a formula (this should be stated and the formula given). In general if results not reported in paper(s) are obtained

this should be made clear here to be cited in review.

C O N T R I B U T I O N S O F A U T H O R S

Rao Sun (RS), Wen Qin Jia (WQJ), KeHu Yang (KHY), Jin Hui Tian (JHT), Bin Ma (BM), Yali Liu (YL), Run H Jia (RHJ), Peng

Zhang (PZ), Xiao F Luo (XFL), Akira Kuriyama (AK):

• KHY and WQJ conceived the review.

• KHY and JHT coordinated the review.

• BM and YL undertook manual searches of the literature.

• WQJ and RS screened search results.

• WQJ, JHT, and RS organized retrieval of papers.

• WQJ and RS screened retrieved papers against the inclusion criteria.

• RS and BM appraised the quality of the papers.

• RS, WQJ, and AK: abstracted data from papers.

• RS, PZ, and AK wrote to authors of papers for additional information.

• WQJ, RS, PZ, and AK provided additional data about papers.
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• YL and BM obtained and screened data on unpublished studies.

• RS and JHT performed data management for the review.

• XFL and RS entered data into RevMan 5.3.

• XFL and RS performed statistical analyses using RevMan 5.3.

• XFL and RS performed statistical analyses using Stata 11.0.

• RS, JHT, and WQJ performed other statistical analyses without RevMan 5.3.

• JHT and RS performed double entry of data: person one: JHT; person two: RS.

• WQJ and RS interpreted the data.

• RS and XFL assessed statistical inferences.

• KHY, RS, and RHJ wrote the review.

• KHY secured funding for the review.

• JHT and WQJ performed previous work that was the foundation of the present review.

• KHY is guarantor for this Cochrane review.

• KHY and RS were responsible for reading and checking the review before submission.

D E C L A R A T I O N S O F I N T E R E S T

Rao Sun: none known.

Wen Qin Jia: none known.

KeHu Yang: none known.

Jin Hui Tian: none known.

Bin Ma: none known.

Yali Liu: none known.

Run H Jia: none known.

Peng Zhang: none known.

Xiao F Luo: none known.

Akira Kuriyama: none known.
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Internal sources

• Evidence-Based Medicine Center, School of Basic Medical Sciences, Lanzhou University, China.

External sources

• No sources of support supplied

D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

Authors: we have changed the author list from the published protocol (Yang 2011). Rao Sun and Akira Kuriyama joined the review

author team.

Types of interventions: we replaced ’total intravenous anaesthesia’ and ’inhaled anaesthesia’ with the more precise descriptions of

’propofol-based maintenance of anaesthesia’ and ’volatile anaesthetic-based maintenance of anaesthesia’, respectively.

Data collection and analysis: we used the most recent of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011)

for ’Risk of bias’ assessment, and we generated ’Risk of bias’ tables. We also used RevMan 5.3 for statistical analyses.

Selection of studies: the full texts we obtained provided sufficient information for us to determine their eligibility. Therefore, we did

not correspond with the original study investigators.

Measures of treatment effect: the data expressed as median and the interquartile range values may be skewed. To avoid introducing

potential bias, we only pooled the data expressed as mean and standard deviation for length of stay.

Assessment of reporting biases: we conducted Egger’s test to examine asymmetry of the funnel plot.

Data synthesis: where we did not conduct meta-analysis, we described the findings of the included studies qualitatively. We stated the

implementation of GRADE methods and the selection of outcomes in the ’Summary of findings’ tables.

Subgroup analysis and investigation of heterogeneity: we stated the details of grouping in the subgroup analysis.

Sensitivity analysis: we conducted sensitivity analyses based on the percentages of withdrawals (above 10% versus below 10%) of the

included RCTs.

I N D E X T E R M S

Medical Subject Headings (MeSH)

Anesthesia, General [∗adverse effects; methods]; Anesthetics, Inhalation [∗adverse effects]; Myocardial Infarction [etiology]; Nausea

[etiology]; Nitrous Oxide [∗adverse effects]; Pneumonia [etiology]; Pulmonary Atelectasis [etiology]; Randomized Controlled Trials as

Topic; Stroke [etiology]; Surgical Wound Infection [etiology]; Venous Thromboembolism [etiology]; Vomiting [etiology]

MeSH check words

Adult; Humans
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