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ABSTRACT

Background

General anaesthesia causes atelectasis, which can lead to impaired respiratory function. Positive end-expiratory pressure (PEEP) is a
mechanical manoeuvre thatincreases functional residual capacity (FRC) and prevents collapse of the airways, thereby reducing atelectasis.
It is not known whether intraoperative PEEP alters the risks of postoperative mortality and pulmonary complications. This review was
originally published in 2010 and was updated in 2013.

Objectives

To assess the benefits and harms of intraoperative PEEP in terms of postoperative mortality and pulmonary outcomes in all adult surgical
patients.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL) 2013, Issue 10, part of The Cochrane Library, as well as MEDLINE
(via Ovid) (1966 to October 2013), EMBASE (via Ovid) (1980 to October 2013), CINAHL (via EBSCOhost) (1982 to October 2013), ISI Web of
Science (1945 to October 2013) and LILACS (via BIREME interface) (1982 to October 2010). The original search was performed in January
2010.

Selection criteria

We included randomized clinical trials assessing the effects of PEEP versus no PEEP during general anaesthesia on postoperative mortality
and postoperative respiratory complications in adults, 16 years of age and older.

Data collection and analysis

Two review authors independently selected papers, assessed trial quality and extracted data. We contacted study authors to ask for
additional information, when necessary. We calculated the number of additional participants needed (information size) to make reliable
conclusions.

Main results

This updated review includes two new randomized trials. In total, 10 randomized trials with 432 participants and four comparisons are
included in this review. One trial had a low risk of bias. No differences were demonstrated in mortality, with risk ratio (RR) of 0.97 (95%
confidence interval (Cl) 0.20 to 4.59; P value 0.97; 268 participants, six trials, very low quality of evidence (grading of recommendations
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assessment, development and evaluation (GRADE)), and in pneumonia, with RR of 0.40 (95% CI 0.11 to 1.39; P value 0.15; 120 participants,
threetrials, very low quality of evidence (GRADE)). Statistically significant resultsincluded the following: The PEEP group had higher arterial
oxygen pressure (Pa0,)/fraction of inspired oxygen (FiO,) on day one postoperatively, with a mean difference of 22.98 (95% Cl 4.40 to
41.55; P value 0.02; 80 participants, two trials, very low quality of evidence (GRADE)), and postoperative atelectasis (defined as an area of
collapsed lung, quantified by computerized tomography scan) was less in the PEEP group (standard mean difference -1.2,95% CI -1.78 to
-0.79; P value 0.00001; 88 participants, two trials, very low quality of evidence (GRADE)). No adverse events were reported in the three trials
that adequately measured these outcomes (barotrauma and cardiac complications). Using information size calculations, we estimated
that a further 21,200 participants would have to be randomly assigned to allow a reliable conclusion about PEEP and mortality.

Authors' conclusions

Evidence is currently insufficient to permit conclusions about whether intraoperative PEEP alters risks of postoperative mortality and
respiratory complications among undifferentiated surgical patients.

PLAIN LANGUAGE SUMMARY

Applying positive pressure at the end of each breath during anaesthesia for prevention of mortality and postoperative pulmonary
complications

Review question

We reviewed the evidence on the effects of positive end-expiratory pressure (PEEP) during general anaesthesia in adult patients 16 years
of age and older.

Background

PEEP is a mechanical technique that is often used for ventilating an unconscious patient. The technique involves adding a quantity of
pressureinto the lungs at the end of each breath. This process causes a degree of deflation in the lungs and can collapse some areas because
between breaths, the lungs contain less air than usual. By adding positive pressure at that time, we aim to reinflate the collapsed areas
of the lung (atelectasis). Although PEEP can be used during general anaesthesia, some lung areas collapse at the end of the anaesthetic
procedure. We do not know whether patients who receive PEEP have lower risks of postoperative mortality (approximately 3% to 5% of
adult patients) or respiratory complications. In this review, we aimed to assess the postoperative benefits and harms of using PEEP during
general anaesthesia.

Study characteristics

The evidence is current to October 2013. We found 10 randomized clinical trials involving 432 participants. The main limitation of our
review was our inability to identify studies analysing intraoperative data.

Key results

Six trials reported mortality. We pooled these data and found no differences between the group of patients who received PEEP and those
who did not, but because of the small number of patients, and the fact that this outcome may be rare, these results did not allow us to
make a conclusion about the effect of PEEP on mortality. Two results suggested some benefit of PEEP. First, oxygenation was better on the
day after surgery in the PEEP group. Second, radiological imaging showed less atelectasis after surgery in the PEEP group. The studies that
we found did not suggest that intraoperative PEEP causes harm.

Because of the small number of studies, this finding is inconclusive. We performed calculations to predict how many more participants
would be needed before reliable conclusions can be made about the effect on mortality of the application of PEEP. This number was 21,200.

Evidence is currently insufficient to allow conclusions about how intraoperative PEEP affects postoperative mortality and respiratory
complications.

Quality of the evidence

The quality of the evidence is very low because of poorly conducted studies, small numbers of participants and low event rates.
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. PEEP compared with zero end-expiratory pressure (ZEEP) during mechanical ventilation for adult
participants given general anaesthesia

PEEP compared with zero end-expiratory pressure (ZEEP) during mechanical ventilation for adult participants given general anaesthesia

Patient or population: adult participants given general anaesthesia

Settings: surgery
Intervention: PEEP

Comparison: zero end-expiratory pressure (ZEEP) during mechanical ventilation

Outcomes Illustrative comparative risks* (95% Cl) Relative effect  No. of partici- Quality of the Comments
(95% Cl) pants evidence
Assumedrisk  Corresponding risk (studies) (GRADE)
Zero end-ex- PEEP
piratory pres-
sure (ZEEP)
during me-
chanical venti-
lation
Postoperative mor- Study population RR 0.97 268 ecloe) Effect is uncertain
tality (0.2-4.59) (6 studies?) very low 2,3
Follow-up: mean 30 18 per 1000 17 per 1000
days (4-81)
Oxygen efficiency Mean oxygen efficiency (PaO,/ 80 @000 ncrease in oxygenation suggests
(Pa0,/FiO,) day 1 FiO,) day 1 postoperative in the (2 studies) very low 24 improvement with the interven-
postoperative intervention groups was tion (statistiFa'lly significant).
Follow-up: mean 1 day 22.98 higher However, this is a surrogate out-
(4.4-41.55 higher) come; effect size is very small
and a very small number of par-
ticipants were included in the
analysis
Oxygen efficiency Mean oxygen efficiency (PaO,/ 80 OO Effect is uncertain
(Pa0y/Fi0y) day 3 FiO,) day 3 postoperative in the (2 studies) very low 2.4

postoperative
Follow-up: mean 3
days

intervention groups was
12.59 higher
(6.78 lower-31.96 higher)

feaqny £1
aueiyds’o) =

‘yyeay 19199
*SUOISII3P pawioju]
*32UBPINS pashiL

SM3IADY J13BWSISAS JO seqeleq auelyd0)



“p¥7 ‘suos 13 A31IM uyor Aq paysiiqnd ‘uoneioqe|jod aueyd0) ayL 410z @ y3uAdod

(ma1nay)

suonesdwod Lieuow)nd annyesadoysod pue A}jeriow jo uonuanaid oy eisayisaeue Surinp (d33d) 24nssaad Aiojesidxa-pua annsod

Pneumonia Study population RR 0.4 120 OO Effect is uncertain
Follow-up: mean 7 (0.11-1.39) (3 studiesd) very low 2,6
days 121 per 1000 48 per 1000
(13-168)
Moderate
50 per 1000 20 per 1000
(5-69)
Postoperative atelec- Mean postoperative atelectasis 88 @000 SMD -1.29 (-1.78 t0 -0.79)
tasis in the intervention groups was (2 studies) very low 2.4 ) )
Using a scale from 1.29 standard deviations low- Decreased score in the interven-
0-67 er tion group represents a decrease
Follow-up: mean 7 (1.78-0.79 lower)8 in atelectasis (statistically signif-
days icant). However, this is a surro-

gate outcome and a small num-
ber of participants were included
in the analysis

*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% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence.

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

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

13 of these trials had zero events and therefore could not be included in the analysis.

20nly 1 of these trials was assessed as having low risk of bias.

3Precision was very low because of the small numbers and the low rate of events (only 268 participants and 4 events).

4Precision was very low because of the small numbers (only 80 participants).

50ne of these trials had zero events and therefore could not be included in the analysis.

6Precision was very low because of the small numbers (only 120 participants).

TThe Wilcox severity score used in Azab 2005 (the representative study) was used.

8Calculated by multiplying the standardised mean difference by the standard deviation of the control group in the representative study (Azab 2005).
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BACKGROUND

Positive end-expiratory pressure (PEEP) is an easily implemented
intervention that can be used in ventilating a patient with positive
pressure ventilation. It is a mechanical manoeuvre by which
positive pressure is exerted in the lungs at the end of each
exhalation. This end-expiratory pressure increases the functional
residual capacity (FRC) and prevents collapse of the small airways,
thereby reducing atelectasis. In patients with healthy lungs, PEEP
leads to improved lung compliance, decreased shunting and higher
arterial oxygen pressure (PaO,) (Maisch 2008; Maracaja-Neto 2009;

Meininger 2005; Tusman 2004).

General anaesthesia causes a reduction in FRC (Hedenstierna 1985;
Hewlett 1974). This reduction is thought to be due to a decrease
in inspiratory muscle tone, an increase in abdominal pressure
and a change in thoracic blood volume. Movement from the erect
position to the supine position, when a patient is lying on the
operating table, causes a loss of about 20% of FRC. Induction of
anaesthesia usually causes a further loss of 10% (Lumb 2000).
Furthermore, general anaesthesia causes atelectasis (Brismar 1985;
Eichenberger 2002; Lindquist 1995; Rothen 1998). Ventilatory
strategies used in general anaesthesia with high tidal volume,
high plateau pressure and no PEEP can cause an inflammatory
injury due to atelectasis, even in healthy patients (Tusman
2012). Many other factors may contribute to the development
of atelectasis during general anaesthesia. Supine positioning
and surgical elements can increase abdominal pressure, leading
to direct pressure on the airways and compression atelectasis.
Increased abdominal pressure during laparoscopic procedures is
one example. Rapid absorption of oxygen, or of nitrous oxide,
from occluded airways can cause absorption atelectasis; therefore,
both the inspired concentration of oxygen and the use of nitrous
oxide may affect the amount of atelectasis (Hedenstierna 2010).
Obese patients have greater loss of FRC during anaesthesia, with a
linear relationship between increasing body mass index (BMI) and
decreasing FRC (Pelosi 1998). Obese patients therefore are likely to
have more atelectasis (Eichenberger 2002). Lung disease, patient
age and duration of surgery may also be important variables.

Use of PEEP has been shown to be effective in preventing
atelectasis during anaesthesia (Brismar 1985; Neumann 1999;
Tokics 1987). Atelectasis impairs gas exchange during the
intraoperative period (Hedenstierna 1986; Lindberg 1992; Rothen
1998; Tokics 1987), and atelectasis has been hypothesized as a main
cause of postoperative hypoxaemia (Hedenstierna 2005). Moreover,
atelectasis impairs the clearing of secretions (Hedenstierna 2003)
and may impede lymphatic flow (Pearse 2005). Both of these effects
may predispose to infection. Atelectasis can continue for several
days after general anaesthesia (Hedenstierna 2010). In light of all
these factors, it seems likely that an increase in atelectasis may
lead to an increase in clinically relevant postoperative adverse
outcomes, such as respiratory failure, pneumonia and mortality.
PEEP, as an intervention that reduces atelectasis, may reduce the
risk of these postoperative outcomes.

PEEP, as with most medical interventions, has the potential to
do both harm and good. In damaged lungs, PEEP may cause
overdistension of normal lung areas without improvement in
abnormal areas (Carvalho 2006; Terragni 2007). So it is possible
that PEEP may actually impair respiratory function. The increased
intrapleural pressure caused by PEEP may increase the risk

of barotrauma and cause changes to cardiovascular dynamics.
Cardiovascular effects can change the intraoperative management
of a patient's condition, sometimes causing an increase in the
need for cardiovascular support. In the context of postoperative
implications, which are the focus of this review, these changes may
translate into changes in postoperative cardiac risk.

It is unclear how intraoperative PEEP affects postoperative
outcomes for adult patients receiving general anaesthesia. This
intervention may reduce the risk of postoperative respiratory
complications. PEEP is easily implemented, and its use does not
result in significant economical costs. Respiratory complications,
on the other hand, can lead to large costs in terms of morbidity,
mortality and economy (Ferreyra 2009). This review is needed to
determine both whether PEEP does indeed reduce postoperative
respiratory complications and whether it causes a postoperative
increase in harm.

OBJECTIVES

To assess the benefits and harms of intraoperative PEEP in terms
of postoperative mortality and pulmonary outcomes in all adult
surgical patients.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomized controlled trials (RCTs) that evaluated
the effects of PEEP versus zero PEEP during general anaesthesia
on postoperative mortality and postoperative respiratory
complications. We included studies irrespective of language and
publication status. We excluded prospective cohort studies and
quasi-randomized studies.

Types of participants

We included adult patients (16 years of age and older) undergoing
any kind of surgical procedure with general anaesthesia. We
included patients managed with both laryngeal mask airways and
endotracheal tubes and patients ventilated both with and without
continuous muscle relaxation.

Types of interventions

Participants who had extrinsically applied PEEP of any quantity
greater than zero constituted the intervention group. To be
included, participants needed to have had PEEP commenced
either from induction or immediately post induction and had
to have PEEP continued throughout the duration of surgery.
The intervention group was compared with a control group.
Participants who had zero PEEP (ZEEP) throughout the duration
of general anaesthesia constituted the control group. Because we
were interested in the effect of PEEP when applied throughout
the entire duration of general anaesthesia, we excluded cross-over
studies using both PEEP and ZEEP in individual participants.

Types of outcome measures
Primary outcomes

1. Mortality, all causes.

We used the longest follow-up data available in each RCT.

Positive end-expiratory pressure (PEEP) during anaesthesia for prevention of mortality and postoperative pulmonary complications 5
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Secondary outcomes

1. Respiratory failure: defined as an arterial oxygen pressure
(Pa0,)/fraction of inspired oxygen (FiO5) ratio of less than 200.

2. Oxygen efficiency: defined as the value of the ratio of PaO,/FiO,.

3. Mechanical respiratory support: defined as intubation and
ventilatory support after discharge from the postoperative care
unit.

4. Pneumonia: defined as a new or progressive radiographic
infiltrate on chest radiograph that was associated with
clinical features of pneumonia, or as defined by the primary
investigators.

5. Atelectasis: defined as an area (percentage) of collapsed lung,
quantified by a computerized tomography (CT) scan.

6. Barotrauma: defined as the clinically diagnosed presence
or absence of pneumothorax, pneumomediastinum or
subcutaneous emphysema.

7. Postoperative cardiac complications: defined as clinically
diagnosed unstable angina, acute myocardial infarction or acute
left ventricular failure requiring pharmacological or invasive
support.

8. Length of stay in post-anaesthesia care unit (PACU).

9. Length of stay in hospital.

10.Postoperative admission to intensive care.

Search methods for identification of studies
Electronic searches

The authors of the original review (Imberger 2010) searched the
databases from inception to January 2010.

In this updated review, we searched the Cochrane Central Register
of Controlled Trials (CENTRAL) 2013, Issue 10, part of The Cochrane
Library, (see Appendix 1 for the detailed search strategy), as well
as MEDLINE (via Ovid, January 2010 to October 2013, see Appendix
2), EMBASE (via Ovid, January 2010 to October 2013, see Appendix
3), CINAHL (via EBSCOhost,bJanuary 2010 to October 2013, see
Appendix 4), ISI Web of Science (January 2010 to October 2013,
see Appendix 5) and LILACS (via BIREME interface, January 2010 to
October 2013, see Appendix 6).

We applied no language restrictions. We combined our subject
search terms with the highly sensitive strategies of The Cochrane
Collaboration to identify RCTs described in Section 6.4 of the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011) for our search of MEDLINE. We modified this RCT filter for
our search of EMBASE. We assessed retrieved studies to look for
any free-text terms or medical subject heading (MeSH) terms for
PEEP intensive that had not been used, and we incorporated into
the search strategy any new terms that were identified. We used
the free-text terms in all databases and in combination with subject
headings when thesauri were a component of a database.

Searching other resources

We screened the reference lists of included trials for additional trials
and contacted trials authors when necessary.

Data collection and analysis
Selection of studies

Using the results of the above searches, two review authors
independently screened all titles and abstracts for eligibility,
documenting the reason for exclusion for each excluded trial. In the
original review, Georgina Imberger and David Mcllroy undertook
the selection of studies (Imberger 2010). Fabiano T Barbosa and
Aldemar A Castro independently screened all titles and abstracts
for eligibility in the 2013 update. We constructed a list of possible
inclusions according to eligibility criteria. Full copies of all selected
studies were retrieved, and the studies reviewed for inclusion.
When published information was insufficient to allow a decision
about inclusion, we attempted to contact the study authors for
clarification. We resolved disagreements by discussion between
the two review authors.

Data extraction and management

Two review authors (FTB and AAC) independently extracted and
collected data on a paper form. A copy of this paper form is provided
in Appendix 7. When additional information was required, we
attempted to contact the study authors. We resolved discrepancies
in extracted data by discussion between the two data-retrieving
review authors.

Assessment of risk of bias in included studies

The same two review authors (FTB and AAC) independently
assessed the methodological quality of eligible trials using the
guidelines provided in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011) and by Jiini (Jini 2001). A
copy of the form used in this assessment is provided in Appendix
8. Discrepancies in this assessment were resolved by a consensus
meeting. As the result of changes to the ’Risk of bias’ tool in
RevMan 5.2, we reconsidered the risk of bias for all included trials.
These changes included separation of blinding of participants and
personnelfrom blinding of outcome assessors. We assessed the risk
of bias on the basis of information presented in these papers. We
did not contact study authors for clarification. We judged the risk
of bias as 'low' or 'high. We considered 'unclear’ risk of bias when
available information was insufficient for 'low' or 'high' risk of bias
to be considered.

1. Random sequence generation

Low: if sequence generation was reported using computer-
generated random numbers, codes or sealed envelopes. We judged
other processes, such as tossing of a coin, as adequate if the whole
sequence was generated before the start of the trial, and if it
was performed by a person not otherwise involved in participant
recruitment.

High: if a system was used that was generated by a non-random
approach (e.g. dates, names, identification numbers).

2. Allocation concealment

Low: if the process that was used prevented participant recruiters,
investigators and participants from knowing the intervention
allocation of the next participant to be enrolled in the study.

High: if the allocation method allowed participant recruiters,
investigators or participants to know the treatment allocation of
the next participant to be enrolled in the study.

Positive end-expiratory pressure (PEEP) during anaesthesia for prevention of mortality and postoperative pulmonary complications 6
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3. Blinding of participants and personnel

Low: if participants and personnel were reported as blinded.
High: if participants and personnel were not blinded.

4. Blinding of outcome assessors

Low: if outcome assessors were reported as blinded.
High: if outcome assessors were not blinded.

5. Incomplete outcome data

Low: if numbers of withdrawals or exclusions per group, with
reasons, were provided, or if the study authors reported no
withdrawals or exclusions.

High: if numbers of withdrawals or exclusions per group, with
reasons, were not provided, or if study authors did not report
reasons for withdrawal or exclusion per group when evident.

6. Selective reporting bias

Low: if all outcomes were reported.
High: if outcomes were measured but not reported.

7. Intention-to-treat

We considered intention-to-treat (ITT) adequate if all dropouts or
withdrawals were accounted for. We considered ITT inadequate if
the number of dropouts or withdrawals was not stated, or if the
reason for any dropout or withdrawal was not stated.

We considered a trial as having a low risk of bias if random sequence
generation, allocation concealment and blinding were assessed as
'low' risk of bias and ITT was assessed as adequate. We considered
a trial as having a high risk of bias if one or more of these three
criteria were assessed as 'high' risk of bias and ITT was assessed as
inadequate.

Measures of treatment effect

We presented categorical data as a risk ratio (RR). We presented
numerical comparisons as differences between means. When
the unit of continuous measurement was different, we used a
standardized mean difference (SMD) as the effect measure. For
outcomes with data from more than one trial, we assessed the
data qualitatively and then generated a quantitative summary
measure. We performed these pooled analyses using Review
Manager software (RevMan 5.2) and attempted to perform all
analyses according to the ITT principle. No trials were found in
which participants crossed over into the alternative intervention
group. When data from only a single trial were provided for a given
outcome, we calculated estimates of effect using data from the
single trial.

Unit of analysis issues

We had no unit of analysis issues.

Dealing with missing data

We contacted the trial authors to clarify missing or unclear data. We
attempted to include data on participants who were enrolled and
were excluded for a variety reasons. In this case, we followed the
ITT principle.

Assessment of heterogeneity

We assessed statistical heterogeneity in the results of trials using
tests of heterogeneity. The tests used were the Chi2 test and the 12
statistic; 12 > 50% and Chi2 with a P value > 0.1 implied significant
heterogeneity (Higgins 2002).

A random-effects model seemed appropriate from a clinical
perspective because planned comparisons had the potential for at
least moderate heterogeneity; the population for inclusion varied,
including all types of operations, and the intervention effect was
therefore likely to vary across different studies. However, when
littleinformation is available, arandom-effects analysis will provide
poor estimates of the width of the distribution of intervention
effects (Higgins 2002).

Assessment of reporting biases

We planned to assess publication bias and small study effects in a
qualitative manner, using a funnel plot (Egger 1997). This plot has
an inverted funnel shape if publication bias is absent. If more than
nine studies were included in any meta-analysis, funnel plots were
examined visually and by using Egger’s test to look for asymmetry.

We were also concerned about outcome reporting bias, as we knew
that many trials looked at this intervention and reported only
intraoperative outcomes. For this reason, we carefully reviewed
all randomized trials that reported the correct participants and
interventions, irrespective of which outcomes were described. In all
cases in which relevant outcomes were not reported, we attempted
to contact the study authors to confirm that no relevant outcomes
had been measured.

Data synthesis

We included small numbers of participants in all of our pooled
comparisons, and we used a fixed-effect model for the meta-
analyses. We had planned to assess statistical heterogeneity using
the 12 statistic, thereby estimating the percentage of total variance
across studies that was due to heterogeneity rather than to chance
(Higgins 2002). We performed the analysis using RevMan 5.2
(RevMan 5.2).

Trial sequential analysis

We planned to perform trial sequential analysis (TSA) (Brok
2008; Thorlund 2009; Wetterslev 2008) for the primary outcome
and for two of the secondary outcomes (respiratory failure and
pneumonia). In a similar way to using sequential monitoring
boundaries in a single trial, this technique aims to reduce the risk
of random error in the setting of repetitive testing of accumulating
data, thereby improving the reliability of any conclusions drawn.

As part of this analysis, we planned to calculate the information
size required for these three outcomes, thereby obtaining an
estimate of how many more participants would be required before
a reliable conclusion could be drawn. We used a conventional
calculation for sample size estimation, with conventional values
for a and {3 error (0.05 and 0.20) and assuming a two-sided test.
We performed calculations for relative risk reductions of 25%.
We planned to use control event rates from our own results in
performing these calculations. To calculate an information size
as part of TSA, the sample size is multiplied by a 'heterogeneity-
adjustment factor' (Brok 2008; Thorlund 2009; Wetterslev 2008;
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Wetterslev2009). We planned to use the heterogeneity (or diversity)
in our results to calculate heterogeneity adjustment factors.

Subgroup analysis and investigation of heterogeneity

We planned to conduct analyses on the following subgroups of
participants.

1. Increased age (> 60 years).

2. Obesity (BMI>30).

3. Lung disease (preoperative diagnosis of a chronic lung disease
requiring ongoing management).

4. Increased cardiac risk (one or more clinical risk factors as
defined by the American College of Cardiology (ACC)/American
Heart Association (AHA) Guidelines (Fleisher 2007)).

Operations of prolonged duration (> four hours).
High inspired oxygen (> 50%).

Use of nitrous oxide.

Laparoscopic procedures.

e N,

We planned to perform analyses on the following subgroups of the
intervention.

1. Different values of PEEP (5 cm H,0 and 10 cm H,0)

Statistical heterogeneity was estimated by using the Chi2 test
and the 12 statistic. Clinical heterogeneity was considered through
evaluation of the populations, interventions and outcomes within
each study.

Sensitivity analysis

We planned to perform sensitivity analyses of trials with low risk of
bias versus those with high risk of bias.

RESULTS

Description of studies
Results of the search

The original search revealed eight trials that met the inclusion
criteria (Imberger 2010). During an updated search of electronic
databases (January 2010 to October 2013), we identified 560 titles
and abstracts. We excluded 552 studies by considering the inclusion
criteria. Full papers were retrieved for eight abstracts, and two
studies were added. For a summary of the search, see Figure 1. A
search of the references of included studies yielded no new studies.
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Figure 1. Study flow diagram.
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Included studies

We included studies with 432 participants that compared PEEP
versus ZEEP in participants 16 years of age or older (Almarakbi 2009;
Azab 2005; Berthelsen 1979; Choi 2006; Pang 2003; Severgnini 2013;
Talab 2009; Tusman 1999; Weingarten 2010; Wetterslev 2001).

Of the included studies, two included participants with
obesity who were undergoing laparoscopic gastric banding
(Almarakbi 2009; Talab 2009). Three studies included participants
undergoing elective cholecystectomies: one with American Society
of Anesthesiologists (ASA) | participants having laparoscopic
procedures (Azab 2005); one with ASA II/Ill participants having
laparoscopic procedures (Pang 2003); and one with participants
having open procedures (Berthelsen 1979). One study included
participants scheduled to undergo surgery for longer than two
hours (Severgnini 2013), and the other study included those
undergoing surgery for longer than five hours (Choi 2006). Two
studies included participants older than 60 years of age who were
having surgery that was non-laparoscopic and was not expected
to affect the thorax or the diaphragm (Tusman 1999; Weingarten
2010). One study included participants scheduled for elective upper
abdominal surgery (Wetterslev 2001).

We had planned to include all trials in which PEEP was commenced
at induction or post induction and was continued throughout the
surgery. The control group needed to receive ZEEP. We noted
variations in our included trials with regard to the timing of

commencement of PEEP, ranging from immediately post induction
to 30 minutes after induction. The amount of PEEP varied from 5
cm H,0 to 12 cm H,0. Recruitment manoeuvres (involving isolated
sustained application of positive pressure to the lungs) were used in
six trials (Almarakbi 2009; Pang 2003; Severgnini 2013; Talab 2009;
Tusman 1999; Weingarten 2010).

We contacted four authors of the included studies. Weingarten 2010
answered our request. Details of participants and interventions for
this study can be found in Characteristics of included studies.

Excluded studies

We excluded 26 studies during the review process. In one case,
the population was incorrect. In another case, the study was
not a randomized trial. In nine cases, the intervention was
incorrect. In most cases—15 studies—review of the entire paper
and confirmation with study authors revealed that the outcomes
rendered the trials ineligible for our review. In most cases,
outcomes were measured only during the intraoperative period.

Details of all exclusions can be found in Characteristics of excluded
studies.

Risk of bias in included studies

One study had low risk of bias (Wetterslev 2001). The remaining
included studies were assessed as having high risk of bias. See
Figure 2 and Figure 3.

Figure 2. Methodological quality graph: review authors' judgements about each methodological quality item

presented as percentages across all included studies.
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Figure 3. Methodological quality summary: review authors' judgements about each methodological quality item
for each included study.
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Allocation

Generation of allocation sequence was adequately reported in
three studies (Almarakbi 2009; Severgnini 2013; Wetterslev 2001).
Two studies reported an inadequate technique (Pang 2003;
Weingarten 2010), and the remainder did not describe a technique.
Allocation concealment was adequately reported in five studies
(Almarakbi 2009; Choi 2006; Severgnini 2013; Tusman 1999;
Wetterslev 2001) and was not described in the others.

Blinding

We considered blinding of participants and personnel adequate if
the authors of the RCTs reported an adequate method of blinding
participants and personnel. None of the studies actually stated
that participants were blinded to the intervention. PEEP is an
intervention that is implemented when a patient is anaesthetized,
and it is possible that many patients would not understand what
PEEP is, or what its implications could be. Therefore, if a study
described that participants were randomly assigned after they
were anaesthetized, we thought it reasonable to assume that
participants were blinded to the intervention. On the basis of this
assumption, two trials were assessed by the review authors as
describing adequate blinding (Almarakbi 2009; Wetterslev 2001).

We considered blinding of outcome assessors adequate if authors
of RCTs reported this information for all outcome assessors. On this
basis, it was determined that one trial described adequate blinding
(Wetterslev 2001).

Incomplete outcome data

In six of the 10 trials, all randomly assigned participants were
analysed for all relevant outcomes (Almarakbi 2009; Azab 2005;
Berthelsen 1979; Pang 2003; Tusman 1999; Weingarten 2010). In
Wetterslev 2001, for all of the relevant outcomes reported in this
paper, all randomly assigned participants were analysed. But for
this study, we also retrieved from the trial authors raw data on
two outcomes, which revealed that for four participants, outcome
data were incomplete (10% of sample size). These four participants
were all accounted for in the text. In Choi 2006, six dropouts were
reported (13% of sample size), and all were explained. Analysis
was done per protocol. Severgnini 2013 reported one dropout
from the analysis, and this was explained (1.8% of sample size).
Analysis was done per protocol. In Talab 2009, eight dropouts were
reported (12% of sample size); again, all dropouts were explained,
but analysis was done per protocol.

Selective reporting

In six of the 10 trials, risk of reporting bias was rated as
low (Almarakbi 2009; Azab 2005; Berthelsen 1979; Pang 2003;

Weingarten 2010; Wetterslev 2001). Two studies did not report
mortality in the methods section (Choi 2006; Severgnini 2013). One
study did not report postoperative complications in the methods
section (Talab 2009). One study did not report parameters of lung
mechanics in the methods section (Tusman 1999).

Other potential sources of bias

We had planned to assess publication bias and small study effects
in a qualitative manner, using a funnel plot (Egger 1997). We did not
make this assessment because of the small number of trials that
were included.

With regard to potential outcome reporting bias, of the 26 trials
reviewed in full, 15 did not report outcomes that were relevant for
our review. In all 15 cases, we attempted to contact the trial authors
to confirm that no relevant outcomes had been measured. In eight
cases, we were able to get this confirmation. Details of this process
are provided in Characteristics of excluded studies. It is possible
that relevant outcomes had been measured in the remaining five
trials but were not reported, representing a source of reporting bias.

Summary of risk of bias

One study was judged as having low risk of bias in all domains
(Wetterslev 2001). Because details were omitted in eligible papers,
we assessed risk as unclear for almost all items in the Risk of bias
table for included studies.

Effects of interventions

See: Summary of findings for the main comparison PEEP
compared with zero end-expiratory pressure (ZEEP) during
mechanical ventilation for adult participants given general
anaesthesia

See the Summary of findings table for PEEP compared with ZEEP
during mechanical ventilation for adult participants given general
anaesthesia (Summary of findings for the main comparison).

1. Mortality

Six trials provided data on postoperative mortality (Almarakbi
2009; Choi 2006; Severgnini 2013; Tusman 1999; Weingarten 2010;
Wetterslev 2001). Three of these studies reported zero event rates
in both groups and therefore did not contribute to the pooled
analysis. The pooled analysis showed no statistically significant
difference in risk ratio (RR 0.97, 95% CI 0.20 to 4.59;, P value 0.97;
268 participants, very low quality of evidence) (Analysis 1.1). See
also Figure 4.
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Figure 4. Forest plot of comparison 1.1: mortality.
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2. Respiratory failure

We defined respiratory failure as PaO,/FiO, < 200. This definition
was not used in any of the included trials. To measure this outcome
for our review, we needed to be able to retrieve individual values
of PaO, with known values of FiO,. Severgnini 2013 defined this
outcome while considering acute respiratory distress syndrome.
We were able to obtain data for respiratory failure during the first
four postoperative days from one trial involving 40 participants
(Wetterslev 2001), yielding an RR of 0.18 (95% CI 0.01 to 3.56). See
Table 1.

Favours PEEP Favours ZEEP

3. Oxygen efficiency

We defined oxygen efficiency as PaO,/FiO,. Five trials measured
data that could be used for this outcome (Berthelsen 1979; Pang
2003; Severgnini 2013; Weingarten 2010; Wetterslev 2001). Pang
2003 reported this outcome incorrectly. Severgnini 2013 defined
Pa0O,/FiO, according to acute respiratory distress syndrome,
and these data could not be used. We analysed data from 80
participants. See Figure 5.

Figure 5. Forest plot of comparison 1.2: oxygen efficiency—PaO,/FiO,.
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Favours ZEEP Favours PEEFP
In the post-anaesthesia care unit (PACU) Postoperative day one

Two studies measured FiO, and PaO, in the PACU (Pang 2003;
Weingarten 2010). We calculated an effect estimate using the data
from Weingarten 2010 involving 40 participants and found a small
decrease in the Pa0O,/FiO; ratio in the PEEP group; this difference
was not statistically significant (mean difference (MD) 4.80, 95% ClI
-3.10t0 12.70) (Table 1).

Three studies measured FiO, and PaO, on postoperative day one
(Berthelsen 1979; Severgnini 2013; Wetterslev 2001). The pooled
analysis showed a statistically significant increase in the PaO,/FiO,
ratio in the PEEP group (MD 22.98,95% Cl 4.40 to 41.55; P value 0.02;
80 participants, two trials, very low quality of evidence (GRADE))
(Analysis 1.2).
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Postoperative day two

One study involving 40 participants measured FiO, and PaO; on
postoperative day two (Wetterslev 2001). We calculated an effect
estimate using the data from this single trial (Table 1) and found an
increase in the PaO,/FiO; ratio in the PEEP group; this difference
was not statistically significant (MD 22, 95% Cl -9.87 to 53.87).

Postoperative day three

Three studies measured FiO, and PaO, on postoperative day three
(Berthelsen 1979; Severgnini 2013; Wetterslev 2001). The pooled
analysis showed an increase in the PaO,/FiO, ratio in the PEEP
group; this difference was not statistically significant (MD 12.59,
95% CI -6.78 to 31.96; P value 0.02; 80 participants, two trials, very
low quality of evidence) (Analysis 1.2).

Postoperative day four

One study involving 40 participants measured FiO, and PaO, on
postoperative day four (Wetterslev 2001). We calculated an effect
estimate using the data from this single trial (Table 1) and found
a small decrease in the PaO,/FiO, ratio in the PEEP group; this
difference was not statistically significant (MD -1, 95% Cl -38.79 to
36.79).

4. Pneumonia

Four studies reported pneumonia as an outcome (Choi 2006;
Severgnini 2013; Weingarten 2010; Wetterslev 2001). The event
rate was zero in both groups in Choi 2006. This trial did not
contribute to the pooled analysis. Severgnini 2013 used a score
to report pulmonary complications without stating the number

Figure 6. Forest plot of comparison 1.3: atelectasis.

of participants with pneumonia in each group. This trial did not
contribute to the pooled analysis. The pooled analysis showed no
statistically significant differences (RR 0.40, 95% CI 0.11 to 1.39;
P value 0.15; 120 participants, three trials, very low quality of
evidence) (Analysis 1.3).

5. Mechanical respiratory support

Two studies reported this outcome (Almarakbi 2009; Wetterslev
2001). The event rate was zero in both groups in Almarakbi 2009,
so no pooled analysis was done. The data from Wetterslev 2001
involving 40 participants were obtained through correspondence
with the study authors. We calculated an estimate of effect (Table
1): The RR for the PEEP group was 0.18 (95% CI 0.01 to 3.56).

6. Atelectasis

Three trials reported measurements of atelectasis as postoperative
outcomes (Azab 2005; Severgnini 2013; Talab 2009). Severgnini
2013 measured this outcome using chest radiography. This trial
did not contribute to the pooled analysis. Azab 2005 and Talab
2009 measured this outcome using a CT scan done immediately
after discharge from the PACU. Both used ordinal scales: Azab
2005 used a six-point scale, with classifications for the severity
of atelectasis taken from the Joyce et al modification of Wilcox
severity scoring (Joyce 1995); Talab 2009 used a five-point scale
that included similar radiological classifications (Westcott 1985).
These data were treated as quantitative, and the standardized
mean difference (SMD) was used as the descriptive parameter.
Pooled analysis showed a statistically significant result, with a
reduction in the PEEP group of SMD -1.2 (95% CI -1.78 to -0.79;
P value 0.00001; 88 participants, two trials, very low quality of
evidence) (Analysis 1.4). See also Figure 6.
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Heterogeneity: Chi®=7.81, df=1 (P = 0.008); F=87% ; l

Test for overall effect: Z=510(F = 0.00001)

7. Barotrauma

Two trials reported postoperative barotrauma in the PEEP and
ZEEP groups (Almarakbi 2009; Talab 2009). In both trials, the event
rate was zero in both groups.

8. Cardiac complications

Two studies reported this outcome (Pang 2003; Wetterslev 2001).
The event rate was zero in both groups in Pang 2003, so no
pooled analysis was done. The data from Wetterslev 2001 involving
40 participants were reported in this paper, and no statistical
comparison was performed. We calculated an effect estimate
(Table 1), and our comparison revealed an RR of 0.3 for the PEEP
group; this result was not statistically significant (95% Cl 0.01 to
7.02).

4 -2 0 2 4
Favours PEEF Favours ZEEP

9. Length of stay (LOS) in PACU

Only one study involving 66 participants reported this outcome
(Talab 2009). We calculated an effect measure (Table 1) and found a
statistically significant difference between the two groups, with the
PEEP group in the PACU for 21 minutes less than the ZEEP group
(95% CI -37.73 to -4.37).

10. Length of stay (LOS) in hospital

Four studies reported this outcome (Almarakbi 2009; Severgnini
2013; Weingarten 2010; Wetterslev 2001). Because of clinical and
statistical heterogeneity, a pooled analysis was not performed. We
calculated effect estimates for three trials (Table 1). In Almarakbi
2009, 60 participants had undergone laparoscopic gastric banding
surgery and a significant difference in LOS was reported, with
PEEP participants staying for -19.9 hours less (95% CI -27 to
-12.8). In Weingarten 2010, 40 elderly participants had undergone
major abdominal surgery and no significant difference in LOS
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was described, with an MD of 5.1 days (95% Cl -1.37 to 11.57).
In Wetterslev 2001, 40 participants had undergone open upper
abdominal surgery with a significant difference in LOS, but with
the PEEP group staying for 24 hours longer (95% CI 18.2 to 29.8).
Severgnini 2013 used a Kaplan-Meier curve to analyse these data
and did not report the LOS in hospital for each group.

11. Intensive care unit (ICU) admissions

Two studies reported this outcome (Talab 2009; Wetterslev 2001).
The event rate was zero in both groups in Talab 2009, so no pooled
analysis was done. We calculated an effect measure using the data
from Wetterslev 2001 (Table 1) and found the RR for the PEEP
group to be 0.45 (95% Cl 0.04 to 4.60). We analysed data from 40
participants.

Trial sequential analysis (TSA)

Because available data on these outcomes were limited, we were
unable to perform TSA. We did, however, calculate the information
size required for these three outcomes, thus obtaining an estimate
of how many more participants would be required for a reliable
conclusion to be drawn.

Mortality

The control event rate in our review was 3.3%. A 25% RR reduction
would lower this event rate to 2.5%. Sample size calculation (with
a=0.05and 3 =0.20) yielded a sample size of 7642 participants.

To calculate an information size as part of TSA, the sample
size is multiplied by a 'heterogeneity-adjustment factor' (Brok
2008; Thorlund 2009; Wetterslev 2008; Wetterslev 2009). We had
planned to use heterogeneity (or diversity) in our own results to
estimate this factor. However, as a result of the small number
of trials included in our review, we had to estimate the extent
of heterogeneity (or diversity) that might exist as further trials
accumulate. On the basis of clinical context, we anticipated that
heterogeneity (or diversity) would be at least moderate (D?= 50%)
and assigned a value of two as our heterogeneity adjustment
factor. With heterogeneity adjustment, the information size for
these parameters was therefore estimated at 15,284 participants.

We had planned to use just the control event rates from our own
results to perform these calculations. Again, because of the small
numbers included in our review, we decided that we needed a
more robust estimate of control event rates for mortality. To get this
estimate, we surveyed the 76 reviews currently published by the
Cochrane Anaesthesia Review Group (CARG 2013) and found that
six reviews reported postoperative mortality in participants who
had received general anaesthesia, with a total number of 11,497
participants included in these mortality outcomes. The median
event rate was 4% (range 0.7% to 20.97%); we used this event rate
as our estimate for the control rate for mortality.

When 4% is used as the control event rate for mortality, a 25% RR
reduction would lower it to 3%. Sample size calculation (with a =
0.05and 3=0.20) revealed a sample size of 10,602 participants. With
heterogeneity adjustment, the information size was estimated at
21,204 participants.

Respiratory failure

Data for respiratory failure were available from one trial (Wetterslev
2001); three events and 19 participants revealed a control event

rate of 16%. A 25% RR reduction would lower this event rate to
12%. Sample size calculation (with a = 0.05 and = 0.20) yielded
a sample size of 2362 participants. With heterogeneity adjustment,
the information size was therefore estimated at 4724 participants.

Pneumonia

With a control event rate for pneumonia of 18%, our review
determined that a 25% RR reduction would lower it to 13.5%.
Sample size calculation (with a = 0.05 and 3 = 0.20) revealed a
sample size of 1640 participants. With heterogeneity adjustment,
the information size was therefore estimated at 3280 participants.

Subgroup analyses

We pooled data from six trials for mortality analyses (Almarakbi
2009; Choi 2006; Severgnini 2013; Tusman 1999; Weingarten 2010;
Wetterslev 2001). Almarakbi 2009, Severgnini 2013 and Tusman
1999 reported no events in each group. We did not use data from
these three trials in this analysis. Data from two trials could be used
in participant subgroup analyses (Weingarten 2010; Wetterslev
2001). Weingarten 2010 analysed participants who were older than
60 years of age. Wetterslev 2001 analysed data from participants
who received nitrous oxide during general anaesthesia. One trial
could be used in intervention subgroup analyses (Choi 2006).
Choi 2006 analysed participants who received 10 cm H,O PEEP.
Therefore it was not possible to perform any of the planned
subgroup analyses.

Data from only two trials were provided on oxygen efficiency,
pneumonia and atelectasis. Therefore it was not possible to
perform the planned subgroup analyses.

Sensitivity analyses

Sensitivity analysis was planned on the basis of adequate random
sequence generation, allocation concealment and blinding by
separating studies with an unclear risk from those with a high risk
of bias. Mortality data were obtained from six trials (Almarakbi
2009; Choi 2006; Severgnini 2013; Tusman 1999; Weingarten 2010;
Wetterslev 2001). Three of the contributing studies reported zero
event rates in both groups, and only four deaths were reported
among 122 participants. It was not possible to perform the planned
sensitivity analyses.

Oxygen efficiency, pneumonia and atelectasis data were available
from only two trials. Therefore it was not possible to perform the
planned sensitivity analyses.

DISCUSSION

Summary of main results

The focus of our review was to assess the benefits and harms
of intraoperative PEEP, for all adult surgical patients, in terms of
postoperative mortality and pulmonary outcomes. Evidence was
found to be insufficient to support or refute the use of PEEP
with respect to postoperative mortality and pulmonary outcomes.
The small number of participants and the small event rate were
reflected in arisk ratio reduction that was close to one and had wide
confidence intervals. The same conclusion can be drawn for the
two secondary outcomes that we considered clinically important:
respiratory failure and pneumonia. Given the small frequency of
events, the small number of included studies and the low quality
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of most of these studies, available evidence until this moment is
graded as very low.

For two secondary outcomes, a pooled analysis revealed a
statistically significant benefit in the PEEP group. The first was
postoperative atelectasis, for which the results from two trials (Azab
2005; Talab 2009) showed an SMD of -1.29 (95% CI -1.78 to -0.79).
Both of these trials measured atelectasis using a CT scan, and both
performed these measurements immediately after discharge from
postoperative care. Some guides are available on how to interpret
the size of SMD effect measurements. One guide suggests that a
value greater than 0.8 represents a large effect, while a value less
than 0.2 represents a small effect (Cohen 1988), suggesting that
we have observed a large difference in atelectasis in the PEEP
group. However, our result was based on only two trials, with a
total of 88 participants. Empirical evidence suggests that effect size
can easily be overestimated in the early stages of a meta-analysis
(Gehr 2006; loannidis 2001; Thorlund 2009; Trikalinos 2004), so this
result cannot be considered as definitive. Moreover, atelectasis is
a surrogate outcome. If PEEP can reduce postoperative atelectasis,
this fact does suggest possible clinical benefit. Whether this effect is
large or small, the important question remains: Does this reduction
in atelectasis lead to meaningful clinical improvements?

The second outcome with a statistically significant result was
oxygen efficiency (PaO,/FiO,) on postoperative day one. For this
comparison, the pooled analysis from two trials (Berthelsen 1979;
Wetterslev 2001) showed a higher PaO,/FiO, ratio in the PEEP
group (MD 22.98, 95% Cl 4.40 to 41.55). Three things are important
to consider regarding the importance of this finding. First,
pooled analyses were done for two time points postoperatively:
postoperative day one and postoperative day two. Effect estimates
were calculated from single trials for a further three time points:
in PACU, on postoperative day two and on postoperative day four.
From these five times, only one comparison yielded a significant
result. It is possible that we did not find a significant difference at
any other time point because of lack of power. However, it may also
be true that the single statistically significant result was a chance
finding. Second, like atelectasis, PaO,/FiO, is a surrogate outcome.
Improved oxygen uptake into the bloodstream is an encouraging
observation. However, it is not necessarily the case that improved
oxygenation leads to clinical benefit; in fact, it is possible that this
findingis associated with harm. Once again, clinical outcomes need
to be correlated with these surrogate findings. Finally, the quantity
of the effect needs comment. The lower end of the 95% confidence
interval includes a PaO,/FiO, of 4.40. If a patient is breathing room
air, this result equates to an increase of about 1 mm Hg of oxygen in
the blood. On the other end of the 95% confidence interval, a value
of 41.55 corresponds to an increase of about 9 mm Hg of oxygen in
the blood. In a clinical context, this amount of increase in PaO, is of

questionable value.

With regard to potential adverse events, two trials measured
barotrauma (Almarakbi 2009; Talab 2009). Both groups in both
of these trials recorded zero events. Cardiac complications were
reported in only two trials (Pang 2003; Wetterslev 2001). In
Pang 2003, zero events were reported in both groups. An effect
estimate from Wetterslev 2001 yielded a non-significant result.
Lack of evidence of adverse effects of PEEP is reassuring.
However, evidence from randomized trials is insufficient to
conclude that PEEP does not cause postoperative harm. Because
any potential benefit of PEEP therapy is probably small in

an undifferentiated surgical population, even a very low level
of increase in adverse events would be clinically meaningful.
Given the practical limitations of studying these outcomes with
randomized trials, other forms of evidence may be appropriate to
guide practical and clinical decision making.

The limitations of this review are that identified studies reported
more intraoperative data with low precision. RCT authors have
to consider the effects of interventions during follow-up time if
they are to consolidate the validity of their results. Frequency of
event rates in this systematic review were small and the range of
confidence intervals large, showing low precision in our results.
This low precision reduces the confidence that we can have in
statistically significant results.

The strengths of this review are that details omitted in papers
assessed as having high risk of bias were identified, thus
alerting authors of new studies in this area of knowledge to
avoid this problem. Random sequence generation and allocation
concealment were adequately reported in three studies (Almarakbi
2009; Severgnini 2013; Wetterslev 2001). Random sequence
generation is one method that implies that each individual or unit
entered into a trial has the same chance of receiving each of the
possible interventions (Green 2005). Allocation concealment is the
process that does not allow one to know the comparison groups
into which participants will be allocated (Green 2005). Included
studies used terms such as randomized study or randomization
to describe their processes, but these terms are not adequate to
describe how sequence generation and allocation concealment
were ensured. Blinding protects the sequence of randomization
after allocation (Schulz 2002). Only one study correctly reported
blinding (Wetterslev 2001). It would be useful if authors of future
RCTs will clearly describe the blinding of participants, personnel
and outcome assessors.

Overall completeness and applicability of evidence

Our review aimed to assess the postoperative benefit of
intraoperative PEEP. Evidence from randomized trials is insufficient
to allow any definitive conclusions on this topic. We had planned
to perform trial sequential analysis—a method that aims to adjust
for the multiplicity caused by repeated updates in systematic
reviews (Brok 2008; Thorlund 2009; Wetterslev 2008). Because of
the small number of eligible trials, we did not perform this analysis.
However, we did use this method to calculate an 'information
size,’ which predicts the number of extra participants that would
have to be randomly assigned to allow a reliable conclusion.
We made these calculations for the primary outcome and for
the two important clinical outcomes. We calculated that 21,200
more participants would be needed to estimate mortality, 4700
for respiratory failure and 3200 for pneumonia. These numbers
are high because our population of interest included all adult
patients presenting for general anaesthesia. The baseline risk of
postoperative complications is low in this broad population, and a
large amount of heterogeneity exists. Both of these factors increase
the sample sizes needed to provide enough power to detect true
benefit. We used a risk ratio reduction of 25% in our calculations.
Given the huge number of patients who could benefit from this
intervention, even a small improvement in these postoperative
outcomes would be important. It would be reasonable to look for
differences smaller than 25%, and this effect size would require
even larger numbers. Alternatively, information sizes could be
considered for less heterogeneous groups. In a surgical population
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with increased risk of pulmonary complications, the information
size required for the same effect size would be smaller.

Quality of the evidence

We considered the quality of evidence using the measurement
of 'Risk of bias' tools. Wetterslev 2001 was assessed to have
adequate random sequence generation, allocation concealment
and blinding. Wetterslev 2001 used intention-to-treat analysis. We
considered this study as having low risk of bias. This RCT did not
report all prespecified outcomes of this systematic review. Sample
size of the included studies was small.

Potential biases in the review process

Different levels of PEEP were tested in included studies, such
as four, five, eight, 10 and 12 cm H,0. Some authors of the
included studies combined PEEP with an alveolar recruitment
manoeuvre. These differing strategies for ventilating a patient
could improve lung compliance, decrease shunting and decrease
the collapse of the small airways in a different way. We did not
consider these differences in our subgroup analysis. Differences in
mechanical ventilation strategies during general anaesthesia could
affect outcomes.

Agreements and disagreements with other studies or
reviews

It seems unlikely that in the near future, enough participants will
be randomly assigned to fulfil the information size requirements
forreliable answers to questions about mortality and postoperative
respiratory complications. Physicians providing anaesthesia care
need to make a decision about whether they will use PEEP
when they ventilate their patients. In the absence of level one
evidence for postoperative clinical outcomes, physicians need to
use other information in making this decision. In the setting of
intensive care, for patients with existing lung pathology, PEEP is
an essential part of ventilatory care (Mercat 2008). In intensive
care research, the question now focuses more on how much PEEP
should be used (Brower 2004; Phoenix 2009; Villar 2006). The
population of patients in intensive care is different from that of
all patients receiving general anaesthesia. Differences include the
co-morbidity of patients, the lack of surgical intervention and the
duration of mechanical ventilation. It is not reasonable to conclude
that demonstrated benefits of PEEP in intensive care ventilation
translate into benefits for all patients receiving general anaesthesia.
However, it is reasonable to consider the adverse effects of PEEP in
the intensive care population. In a recent meta-analysis comparing
high levels of PEEP versus low levels of PEEP in intensive care,
no increase in barotrauma was detected (Oba 2009). This finding
makes it unlikely that PEEP would cause a meaningful increase in
barotrauma in an undifferentiated surgical population.

In the setting of general anaesthesia for surgery, available
information does support the use of PEEP. PEEP is able to
correct the decrease in FRC that is caused by anaesthesia,
thereby preventing atelectasis (Brismar 1985; Neumann 1999;
Tokics 1987). Atelectasis causes decreased lung compliance,
impaired oxygenation, increased pulmonary vascular resistance
and lunginjury (Duggan 2005). Evidence shows that PEEP improves
intraoperative respiratory function (Clarke 1998; Maracaja-Neto
2009; Meininger 2005), especially when used in combination with
recruitment maneuvers (Dyhr 2004; Maisch 2008; Tusman 2004).

Observational evidence also indicates that atelectasis persists well
into the postoperative period (Lindberg 1992), especially in obese
patients (Eichenberger 2002). Finally, the finding of our systematic
review, albeit inconclusive, does suggest that PEEP improves
postoperative atelectasis and oxygenation.

AUTHORS' CONCLUSIONS

Implications for practice

PEEP is an intraoperative intervention that is easy and cheap to
implement. A physiological rationale for the efficacy of PEEP has
been demonstrated intraoperatively. Our review aimed to assess
whether the benefits of PEEP extend into the postoperative period.
We found insufficient evidence to allow review authors to comment
on whether PEEP affects the risk of postoperative mortality,
respiratory failure or pneumonia. Some evidence suggests that
intraoperative PEEP reduces postoperative atelectasis and may
improve postoperative gas exchange. Evidence is insufficient to
allow a conclusion about whether intraoperative PEEP increases
the risk of barotrauma or postoperative cardiac complications.

Current evidence is insufficient to permit conclusions about the
postoperative benefits of intraoperative PEEP. Physicians providing
anaesthetic care need to make their decision about whether to
use PEEP on the basis of known physiological effects, known
intraoperative benefits and known benefits for the intensive care
population.

Implications for research

More randomized trials are needed to confirm the postoperative
benefit of using intraoperative PEEP. It does seem likely that this
intervention improves patient care. However, in the absence of
level one evidence, this benefit continues to be unproven, and
the potential remains that this intervention may cause adverse
effects. Because of the enormous number of patients who receive
general anaesthesia and the low rate of serious postoperative
complications in an undifferentiated population, very large sample
sizes would be needed to demonstrate any benefit and to exclude
any adverse effects.
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Methods

Low risk of bias

Parallel randomized controlled trial

Participants 1. 60 participants randomly assigned
2. Included: ASA II, having elective laparoscopic gastric banding, 18-60 years of age, BMI > 30
3. Excluded: asthma, COAD, restrictive lung disease, ICP, history of smoking
4. Age: 38 years, range (32-43); 38 years, range (33-43); 38 years, range (33-43); 38 years, range (33-46)
5. Sex distribution: M/F (8/7,9/6,7/8, 8/7)
6. Country: Egypt
Interventions 1. 45 participants received PEEP (10 cm H,0), commenced 10 minutes after induction of pneumoperi-

toneum: 15 received PEEP with no recruitment manoeuvre, 15 received PEEP with 1 recruitment ma-
noeuvre at the beginning and 15 received PEEP with multiple recruitment manoeuvres

2. 15 participants received ZEEP wlith 1 recruitment manoeuvre at the beginning

Outcomes . Arterial blood gas parameters

. Adverse events
. Length of stay in hospital

~N o b W=

. Respiratory system compliance

. Mechanical respiratory support during admission
. Barotrauma in post-anaesthesia care unit (PACU) and 24 hours after surgery
. Intensive care unit admissions during admission

Notes Single centre
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Almarakbi 2009 (continued)

Follow-up was continued until discharge, and the study authors reported no major adverse events. We
thought it reasonable to assume from these statements that no mortality occurred in either group dur-

ing admission

Could be included in the following subgroup analyses: PEEP 10 cm H,0, obesity, laparoscopic proce-

dure

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "...patients were randomized, using a computer-generated randomiza-

tion (selection bias) tion schedule and sealed opaque envelopes..."
Comment: clear

Allocation concealment Low risk Quote: as above

(selection bias)

Comment: clear

Blinding of participants Low risk Quotes: "... Ten minutes after the pneumoperitoneum... patients were random-

and personnel (perfor- ized...", "... patients were discharged from hospital at the discretion of the sur-

mance bias) geon who was blinded to patient's group assignment..."

Mortality
Comment: Given that participants were anaesthetized when the intervention
was randomly assigned and implemented, we are assuming that participants
were blinded

Blinding of participants Low risk Quotes: "... Ten minutes after the pneumoperitoneum... patients were random-

and personnel (perfor- ized...", "... patients were discharged from hospital at the discretion of the sur-

mance bias) geon who was blinded to patient's group assignment..."

Oxigen efficiency - Pa02/

Fio2 Comment: Given that participants were anaesthetized when the intervention
was randomly assigned and implemented, we are assuming that participants
were blinded

Blinding of participants Low risk Quotes: "... Ten minutes after the pneumoperitoneum... patients were random-

and personnel (perfor- ized...", "... patients were discharged from hospital at the discretion of the sur-

mance bias) geon who was blinded to patient's group assignment..."

Atelectasis
Comment: Given that participants were anaesthetized when the intervention
was randomly assigned and implemented, we are assuming that participants
were blinded

Blinding of outcome as- Unclear risk Not described

sessment (detection bias)

Mortality

Blinding of outcome as- Unclear risk Not described

sessment (detection bias)

Oxigen efficiency - Pa02/

Fi02

Blinding of outcome as- Unclear risk Not described

sessment (detection bias)

Atelectasis

Incomplete outcome data  Low risk All randomly assigned participants analysed

(attrition bias)

All outcomes
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Selective reporting (re-
porting bias)

Low risk All expected outcomes reported

Azab 2005

Methods

Parallel randomized controlled trials

High risk of bias

Participants

. 30 participants randomly assigned

. Included: ASA | participants scheduled for laparoscopic cholecystectomies
. Age: 43.7 years (mean 42.3+5.3,44.3 + 4.5)

. Sex distribution: M/F (9/21)

. Country: Egypt

a b~ W N =

Interventions

=

. 15 participants received PEEP (5 cm H,0), commenced on induction of pneumoperitoneum

2. 15 participants received ZEEP

Outcomes 1. Hemodynamic parameters
2. Arterial blood gas parameters
3. Atelectasis: CT after discharge from PACU
Notes Single centre
Study authors did not report arterial blood gas data in text
Could be included in the following subgroup analyses: PEEP 5 cm H,0, laparoscopic procedures.
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "... patients were randomly allocated into two groups..."

Comment: not described adequately

Allocation concealment
(selection bias)

Unclear risk Quote: as above

Comment: not described

Blinding of participants
and personnel (perfor-
mance bias)

Mortality

Unclear risk Quote: "...CT scan of the chest was performed by a radiologist who was un-
aware of the experimental protocol and patient assignment..."

Comment: unclear whether participants were aware of intervention groups

Blinding of participants
and personnel (perfor-
mance bias)

Oxigen efficiency - Pa02/
FiO2

Unclear risk Quote: "...CT scan of the chest was performed by a radiologist who was un-
aware of the experimental protocol and patient assignment..."

Comment: unclear whether participants were aware of intervention groups

Blinding of participants
and personnel (perfor-
mance bias)
Atelectasis

Unclear risk Quote: "...CT scan of the chest was performed by a radiologist who was un-
aware of the experimental protocol and patient assignment..."

Comment: unclear whether participants were aware of intervention groups
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Blinding of outcome as- Unclear risk Quote: "...CT scan of the chest was performed by a radiologist who was un-
sessment (detection bias) aware of the experimental protocol and patient assignment..."
Mortality
Comment: unclear whether all outcome assessors were blinded
Blinding of outcome as- Unclear risk Quote: "...CT scan of the chest was performed by a radiologist who was un-
sessment (detection bias) aware of the experimental protocol and patient assignment..."
Oxigen efficiency - Pa02/
FiO2 Comment: unclear whether all outcome assessors were blinded
Blinding of outcome as- Unclear risk Quote: "...CT scan of the chest was performed by a radiologist who was un-
sessment (detection bias) aware of the experimental protocol and patient assignment..."
Atelectasis
Comment: Unclear whether all outcome assessors were blinded
Incomplete outcome data  Low risk All participants analysed
(attrition bias)
All outcomes
Selective reporting (re- Low risk All expected outcomes reported

porting bias)

Berthelsen 1979

Methods

Parallel randomized controlled trial

High risk of bias

Participants

o b~ W N

. 40 participants randomly assigned

. Included: healthy, non-obese participants scheduled for elective open cholecystectomy
. Excluded: patients with jaundice, fever or suspected choledocholithiasis

. Age: years (mean 48 + 12,52 + 13)

. Sex distribution: M/F (4/14, 7/15)

. Country: Denmark

Interventions

[

. 18 participants received PEEP (10 cm H,0), commenced 20-30 minutes post induction

2. 22 participants received ZEEP

Outcomes

. Forced vital capacity

2. Arterial blood gas parameters

. Oxygen efficiency: postoperative days 1 and 3

Notes

Single centre

Oxygen efficiency was also measured on postoperative day 5. 11 participants were missing from this
day 5 measurement: 8 from the PEEP group and 3 from the ZEEP group. It was not clear why these da-
ta were missing. Given that participants had an elective open cholecystectomy, all may be explained by
the fact that participants were discharged home. Given the disparity between the number of dropouts
in each group and the consequential potential for confounding, this comparison was not included in
our review

Could be included in the following subgroup analyses: PEEP 10 cm H,0 and use of nitrous oxide

Risk of bias
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Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Quote: "... the patients were then allocated randomly to one of two groups..."

tion (selection bias)
Comment: not described adequately

Allocation concealment Unclear risk Quote: "... the patients were then allocated randomly to one of two groups..."

(selection bias)
Comment: not described

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

mance bias)

Mortality

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

mance bias)

Oxigen efficiency - Pa02/

Fi02

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

mance bias)

Atelectasis

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

Mortality

Blinding of outcome as- Unclear risk No description of blinding

sessment (detection bias)
Oxigen efficiency - Pa02/

FiO2

Blinding of outcome as- Unclear risk No description of blinding

sessment (detection bias)

Atelectasis

Incomplete outcome data ~ Low risk All participants analysed up until day 3 postop. After this time, a substantial re-

(attrition bias) duction in numbers was seen, more so in the PEEP group. No reason for this re-

All outcomes duction was provided. Presumably, it can be explained by discharge of partici-
pants. Data after day 3 were not used in our analysis

Selective reporting (re- Low risk All expected outcomes reported

porting bias)

Choi 2006
Methods Parallel randomized controlled trial
High risk of bias
Participants 1. 46 participants randomly assigned
2. 40 participants completed the trial protocol
3. Included: adults scheduled for surgery of at least 5 hours' duration
Positive end-expiratory pressure (PEEP) during anaesthesia for prevention of mortality and postoperative pulmonary complications 27
(Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews
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4. Excluded: history of lung disease, immunosuppressive medications, recent infection, recent ICU ad-
mission, previous thromboembolic disease

5. Age: years (mean 62+9.8,61+9.5)
6. Sex distribution: M/F (14/7, 14/5)
7. Country: Netherlands

Interventions 1. 21 participants received PEEP (10 cm H,0), commenced post induction

2. 19 participants received ZEEP

Outcomes 1. Mortality during admission
2. Pneumonia during admission
3. Mechanical respiratory support during admission

Notes Single centre

Mortality was not specifically described as an outcome. 1 death was described; it was stated clearly
that all other participants in the trial were discharged home

Could be included in the following subgroup analyses: PEEP 10 cm H,0

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk Quote: "...Randomization was performed by drawing a presealed envelope..."

tion (selection bias)
Comment: inadequate sequence generation

Allocation concealment High risk Quote: as above

(selection bias)
Comment: sealed envelopes, but allocation concealment would have been

compromised towards the end, given the randomization technique

Blinding of participants Unclear risk Not described
and personnel (perfor-

mance bias)

Mortality

Blinding of participants Unclear risk Not described
and personnel (perfor-

mance bias)

Oxigen efficiency - Pa02/

Fi02

Blinding of participants Unclear risk Not described
and personnel (perfor-

mance bias)

Atelectasis

Blinding of outcome as- Unclear risk Not described
sessment (detection bias)
Mortality

Blinding of outcome as- Unclear risk Not described
sessment (detection bias)

Oxigen efficiency - Pa02/

Fi02
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Blinding of outcome as- Unclear risk Not described

sessment (detection bias)

Atelectasis

Incomplete outcome data  Low risk All randomly assigned participants analysed

(attrition bias)
All outcomes

Selective reporting (re- High risk Mortality not described in methods section
porting bias)

Pang 2003
Methods Parallel randomized controlled trial
High risk of bias
Participants 1. 24 participants randomly assigned
2. Included: ASA I/11, 16-70 years, having elective laparoscopic cholecystectomies
3. Excluded: preexisting cardiac or respiratory disease requiring treatment, past history of pneumotho-
rax or haemodynamic instability
4. Age:years (mean 52.16 + 13.63,49.14 + 13.91)
5. Sex distribution: M/F (3/9, 6/6)
6. Country: Hong Kong
Interventions 1. 12 participants received PEEP (5 cm H,0), commenced post induction
2. 12 participants received ZEEP
Outcomes 1. Arterial blood gas parameters
2. Oxygen efficiency in postoperative care unit
3. Postoperative cardiac complications during admission
Notes Single centre
Could be included in the following subgroup analyses: PEEP 5 cm H,0, use of nitrous oxide, laparo-
scopic procedure
We did not localize the study authors
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk Quote: "...Patients were randomized..., using shuffled envelopes"

tion (selection bias)
Comment: inadequate sequence generation

Allocation concealment High risk Quote: as above

(selection bias)
Comment: Allocation concealment would have been compromised towards

the end, given the randomization technique

Blinding of participants Unclear risk Not described

and personnel (perfor-

mance bias)
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Pang 2003 (Continued)
Mortality

Blinding of participants
and personnel (perfor-
mance bias)

Oxigen efficiency - Pa02/
Fi02

Unclear risk Not described

Blinding of participants
and personnel (perfor-
mance bias)
Atelectasis

Unclear risk Not described

Blinding of outcome as-
sessment (detection bias)
Mortality

Unclear risk Not described

Blinding of outcome as-
sessment (detection bias)
Oxigen efficiency - Pa02/
Fi02

Unclear risk Not described

Blinding of outcome as-
sessment (detection bias)
Atelectasis

Unclear risk Not described

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All randomly assigned participants analysed

Selective reporting (re-
porting bias)

Low risk All expected outcomes reported

Severgnini 2013

Methods

Parallel randomized controlled trial

High risk of bias

Participants

. 56 participants randomly assigned
2. Included: non-laparoscopic abdominal surgery, expected surgery time longer than 2 hours and par-

ticipants older than 18 years of age

. Excluded: body mass index greater than 40 kg/m?2, laparoscopic surgery, need for surgery in an emer-

gency, any previous lung surgery, persistent haemodynamic instability, intractable shock considered
unsuitable for the study by the participant's managing physician, history of chronic obstructive pul-
monary disease, repeated systemic corticosteroid therapy for acute exacerbations of chronic obstruc-
tive pulmonary disease, asthma or sleep disorders, recentimmunosuppressive medication defined as
needed for chemotherapy or radiation therapy, less than 2 months after chemotherapy or radiation
therapy, severe cardiac disease defined as New York Heart Association Class Ill or IV or acute coro-
nary syndrome or persistent ventricular tachyarrhythmias, pregnancy (excluded by laboratory analy-
sis), acute lung injury or acute respiratory distress syndrome, expecting to require prolonged post-
operative mechanical ventilation, any neuromuscular disease, contraindications to positioning of an
epidural catheter due to major clotting disorders or sign of infection at the site of the procedure

4. Age:years (mean 67.9+9,65.5+11.4)
. Sex distribution: M/F (16/11, 18/10)
6. Country: Italy
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Severgnini 2013 (Continued)

Interventions 1. 28 participants received PEEP (10 cm H,0) with recruitment maneuvers after induction of anaesthe-
sia, after any disconnection from the mechanical ventilator and directly before extubation
2. 28 participants received ZEEP without recruitment maneuvers

Outcomes 1. Pulmonary function parameters
2. Arterial blood gas parameters
3. Pain
4. Atelectasis
5. Pulmonary infection
6. Wound infection
7. Pulmonary complications
8. Length of stay in hospital
9. Mortality during admission
Notes Single centre
The ratio PaO,/FiO, was reported in light of acute respiratory distress syndrome
Atelectasis was analysed by chest x-ray
Authors used modified Clinical Pulmonary Infection Score and did not report the number of partici-
pants with pneumonia
Pulmonary complications included cough, increased secretions, dyspnoea, chest pain, temperature
greater than 38°C and pulse rate greater than 100 beats/min
Mortality was not specifically described as an outcome
Could be included in the following subgroup analysis: PEEP 10 cm H,0
We emailed the study authors to remove our doubts. The study authors did not respond to our request
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "... to select patients for treatment we generated a randomization list
tion (selection bias) by Random Allocation Software (Windows software, version 1.0, May 2004,
Saghaei, licensee BioMed Central Ltd.) (allocation ratio 1:1) and inserted the
group-identification paper in envelopes, which were then sealed and clouded
to not reveal allocations"
Comment: adequate
Allocation concealment Low risk Quote: as above
(selection bias) Comment: adequate
Blinding of participants Unclear risk Not described
and personnel (perfor-
mance bias)
Mortality
Blinding of participants Unclear risk Not described
and personnel (perfor-
mance bias)
Oxigen efficiency - Pa02/
FiO2
Blinding of participants Unclear risk Not described
and personnel (perfor-
mance bias)
Atelectasis
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Severgnini 2013 (Continued)

Blinding of outcome as- Unclear risk Quote: "... blinded way by an independent specialist in radiology, who was not
sessment (detection bias) involved in the study"

Mortality Comment: only radiologists reported

Blinding of outcome as- Unclear risk Quote: "... blinded way by an independent specialist in radiology, who was not
sessment (detection bias) involved in the study"

Oxigen efficiency - Pa02/ Comment: only radiologists reported

Fi02

Blinding of outcome as- Unclear risk Quote: "... blinded way by an independent specialist in radiology, who was not
sessment (detection bias) involved in the study"

Atelectasis Comment: only radiologists reported

Incomplete outcome data  High risk One participant in the intervention group was excluded from the analysis
(attrition bias)

All outcomes

Selective reporting (re- High risk Mortality was not reported in the methods section

porting bias)

Talab 2009

Methods

Parallel randomized controlled trial

High risk of bias

Participants

. 66 participants randomly assigned
. Included: obese participants undergoing laparoscopic gastric banding, BMI 30-50
. Excluded: hospitalised before surgery, history of heart or lung disease, any sign of cardiopulmonary

disease

4. Age: not described

. Sex distribution: not described
. Country: Saudi Arabi

Interventions

. 44 participants received PEEP, commenced after intubation: 22 received 5 cm H,0 and 22 received

10cm Hzo

. 22 participants received ZEEP

Outcomes

~N o b W N

. Respiratory failure in PACU (**waiting on data)

. Oxygen efficiency in PACU (**waiting on data)

. Arterial blood gas parameters

. Postoperative complications (desaturation, chest infection and bronchospasm)
. Atelectasis after discharge from PACU

. Barotrauma after discharge from PACU

. LOSin PACU

Notes

Single centre

The paper presented means and standard deviations of LOS in PACU for the ZEEP group, the PEEP
group (5 cm H,0) and the PEEP group (10 cm H,0). We contacted the study authors to attempt to ob-
tain the raw data and calculate an accurate standard deviation for both PEEP groups pooled together.
We were unable to get this information and therefore used the ZEEP group and the PEEP group (10 cm
H,0) for our estimate of effect
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This trial also measured PaO, in the PACU. Investigators used these data to calculate alveolar-to-arter-
ial oxygen gradients, so they must also have recorded FiO,. These data could have contributed to 2 fur-

ther outcomes in our review: respiratory failure and oxygen efficiency. Unfortunately, we were unable
to get this information from the authors of the paper.

Could be included in the following subgroup analyses: PEEP 5 cm H,0, PEEP 10 cm H,0, obesity, FiO, >
50%, laparoscopic procedure

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "...We randomly allocated 66 adult obese patients..."
tion (selection bias)
Comment: not described adequately
Allocation concealment Unclear risk Quote: as above
(selection bias)
Comment: not described
Blinding of participants Unclear risk Quote: "... CT scans were interpreted by radiologists who were aware of the ex-
and personnel (perfor- perimental protocol but unaware of patient group assignment..."
mance bias)
Mortality Comment: no information about participant blinding
Blinding of participants Unclear risk Quote: "... CT scans were interpreted by radiologists who were aware of the ex-
and personnel (perfor- perimental protocol but unaware of patient group assignment..."
mance bias)
Oxigen efficiency - Pa02/ Comment: no information about participant blinding
Fi02
Blinding of participants Unclear risk Quote: "... CT scans were interpreted by radiologists who were aware of the ex-
and personnel (perfor- perimental protocol but unaware of patient group assignment..."
mance bias)
Atelectasis Comment: no information about participant blinding
Blinding of outcome as- Unclear risk Quote: "... CT scans were interpreted by radiologists who were aware of the ex-
sessment (detection bias) perimental protocol but unaware of patient group assignment..."
Mortality
Comment: inclear whether all assessors were blinded
Blinding of outcome as- Unclear risk Quote: "... CT scans were interpreted by radiologists who were aware of the ex-
sessment (detection bias) perimental protocol but unaware of patient group assignment..."
Oxigen efficiency - Pa02/
FiO2 Comment: unclear whether all assessors were blinded
Blinding of outcome as- Unclear risk Quote: "... CT scans were interpreted by radiologists who were aware of the ex-
sessment (detection bias) perimental protocol but unaware of patient group assignment..."
Atelectasis
Comment: unclear whether all assessors were blinded
Incomplete outcome data  Low risk 8 participants were excluded after randomization (12%): 3 from the ZEEP
(attrition bias) group and 5 from the PEEP group. Reasons for exclusion were well described,
All outcomes including 2 participant refusals (both from the PEEP group) and surgical com-
plications, which prevented performance of CT (3 in each group)
Selective reporting (re- High risk Postoperative complications were not described in the methods section

porting bias)
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Tusman 1999

Methods

Parallel randomized controlled trial

High risk of bias

Participants 1. 30 participants randomly assigned
2. Included: age > 60, ASA II/Ill undergoing surgery > 2 hours in supine position, not expected to directly
affect thorax or diaphragm position
3. Exclude: patients undergoing thoracic, upper abdominal, spinal and laparoscopic surgery
4. Age:years (mean 69 +8.6,70.7+7.3,72.3+7.7)
5. Sex distribution: M/F (3/7, 6/4, 3/7)
6. Country: Argentina
Interventions 1. 20 participants received PEEP, commenced after induction: 10 received 5 cm H,0 and 10 received
accelerating PEEP, up to15 cm H-O0, followed by 5 cm H,0
2. 10 participants received ZEEP
Outcomes 1. Arterial blood gas parameters
2. Mortality during admission
Notes Single centre
The study authors stated that all participants were followed up until discharge and that no complica-
tions occurred in any participant. We thought it reasonable to assume from these statements that no
mortality occurred in either group during the admission
Could be included in the following subgroup analyses: PEEP 5 cm H,0, age > 60
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  High risk Quote: "...patients... were randomized prospectively to one of three groups of
tion (selection bias) 10 by opening sealed envelopes..."
Comment: inadequate sequence generation
Allocation concealment High risk Quote: as above
(selection bias)
Comment: Allocation concealment would have been compromised towards
the end, given the randomization technique
Blinding of participants Low risk Random assignment occurred after participants were anaesthetized. No com-
and personnel (perfor- ment was made about blinding of the outcome assessor. BUT only outcome
mance bias) used in our review was mortality
Mortality
Blinding of participants Low risk Random assignment occurred after participants were anaesthetized. No com-
and personnel (perfor- ment was made about blinding of the outcome assessor. BUT only outcome
mance bias) used in our review was mortality
Oxigen efficiency - Pa02/
Fi02
Blinding of participants Low risk Random assignment occurred after participants were anaesthetized. No com-
and personnel (perfor- ment was made about blinding of the outcome assessor. BUT only outcome
mance bias) used in our review was mortality
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Atelectasis
Blinding of outcome as- Unclear risk Random assignment occurred after participants were anaesthetized. No com-

sessment (detection bias)
Mortality

ment was made about blinding of the outcome assessor. BUT only outcome
used in our review was mortality

Blinding of outcome as-
sessment (detection bias)
Oxigen efficiency - Pa02/
FiO2

Unclear risk Random assignment occurred after participants were anaesthetized. No com-

ment was made about blinding of the outcome assessor. BUT only outcome
used in our review was mortality

Blinding of outcome as-
sessment (detection bias)
Atelectasis

Unclear risk Random assignment occurred after participants were anaesthetized. No com-

ment was made about blinding of the outcome assessor. BUT only outcome
used in our review was mortality

Incomplete outcome data  Low risk All randomly assigned participants analysed

(attrition bias)

All outcomes

Selective reporting (re- High risk Parameters of lung mechanics not described in the methods section

porting bias)

Weingarten 2010

Methods

Parallel randomized controlled trial
High risk of bias

Participants

. 40 participants randomly assigned

2. Included: participants 65 years of age undergoing major open abdominal surgery

. Excluded: pulmonary disease with abnormalities in spirometry consistent with obstructive or re-

strictive pulmonary disease, active asthma (requiring chronic bronchodilator therapy), previous lung
surgery, home oxygen therapy, significant cardiac dysfunction and BMI > 35

4. Age:years (mean 72.1, range (65-88); 73.8, range (65-88))

. Sexdistribution: M/F (16/4, 15/5)
. Country: United States

Interventions

. 20 participants received PEEP (4 cm H,0) until the first recruitment manoeuvre. The recruitment ma-

noeuvre was achieved by sequential increases in PEEP in 3 steps: 3 breaths (from 4 to 10 cm H,0),
3 breaths (15 cm H,0) and 10 breaths (20 cm H,0). After recruitment manoeuvre, level of PEEP was
maintained at 12 cm H,0 throughout the entire operation

. 20 participants received ZEEP without recruitment maneuvers

Outcomes

~N o b W N

. Arterial blood gas parameters

. Oxygen efficiency: intraoperative and recovery room data
. Interleukins 6 and 8

. Postoperative pulmonary complications

. Postoperative respiratory failure

. Length of hospital stay

. Mortality during admission

Notes

Single centre
Atelectasis was analysed by chest x-ray
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Weingarten 2010 (Continued)

Study authors defined postoperative respiratory failure as unanticipated mechanical ventilation for >
48 hours after operation or the need for reinstitution of mechanical or non-invasive ventilation after ex-
tubation

Could be included in the following subgroup analyses: increased age (> 60 years)

We emailed the study authors to remove our doubts. Study authors provided data about length of hos-
pital stay

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  High risk Quote: "Patients were randomized to one of the two ventilatory management
tion (selection bias) strategies using a randomization schedule provided by the Division of Biosta-
tistics"
Comment: not clear

Allocation concealment Unclear risk Not described
(selection bias)

Blinding of participants Unclear risk Not described
and personnel (perfor-

mance bias)

Mortality

Blinding of participants Unclear risk Not described
and personnel (perfor-

mance bias)

Oxigen efficiency - Pa02/

Fi02

Blinding of participants Unclear risk Not described
and personnel (perfor-

mance bias)

Atelectasis

Blinding of outcome as- Unclear risk Not described
sessment (detection bias)
Mortality

Blinding of outcome as- Unclear risk Not described
sessment (detection bias)

Oxigen efficiency - Pa02/

Fi02

Blinding of outcome as- Unclear risk Not described
sessment (detection bias)
Atelectasis

Incomplete outcome data  Low risk All participants analysed
(attrition bias)
All outcomes

Selective reporting (re- Low risk All expected outcomes reported
porting bias)
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Wetterslev 2001

Methods

Parallel randomized controlled trial

Low risk of bias

Participants

. 40 participants randomly assigned

. Included: participants scheduled for upper abdominal surgery
Age: 60 years (range (29-77); 58 years (range (43-75))

. Sexdistribution: 24 participants were male

. Country: Denmark

Interventions

=

. 21 participants received PEEP, commenced after induction: 5, 8 or 10 cm H,0
2. 19 participants received ZEEP

Outcomes

. Mortality during admission. Defined as an outcome

. Arterial blood gas parameters

. Respiratory failure during 4 postoperative days (from raw data from study authors)

. Oxygen efficiency postoperative days 1, 2, 3, 4 (from raw data from study authors)
Pneumonia during admission

. Mechanical respiratory support during admission (from raw data from study authors)
. Postoperative cardiac complications during admission

. LOS in hospital (partially from raw data from study authors)

. ICU admissions (from raw data from study authors)

Notes

Single centre

Some missing data in the raw results used. As per our protocol, we analysed these data according to
the ITT principle. Data were missing for 4 participants (10% sample size); 2 from the PEEP group and 2
from the ZEEP group. All 4 dropouts were explained in the paper

In the ZEEP group, 1 participant refused any further blood sampling from day 2 onwards. In the PEEP
group, 1 participant was discharged before the measurement could be made on day 4. We used the last
observation carried forward method for both of these participants

2 participants were unable to have their blood sampled while breathing room air because 1 was be-
ing mechanically ventilated and 1 had a very low PaO, despite supplemental oxygen. 1 of these partic-

ipants came from the PEEP group and 1 from the ZEEP group. Given the description of clinical condi-
tions, we believed it was reasonable to assume that both of these participants were in respiratory fail-
ure and would have had a Pa0O,/FiO5 ratio of less than 200. Therefore, both were assigned a ratio of 199

for our analysis. This number was chosen as it fulfilled our criteria for respiratory failure

Could be included in the following subgroup analysis: use of nitrous oxide

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "...the patients were randomly allocated, by means of sealed envelopes
numbered according to computer-generated random digits..."

Comment: adequate

Allocation concealment
(selection bias)

Low risk Quote: as above

Comment: adequate

Blinding of participants
and personnel (perfor-
mance bias)

Low risk Quotes: "... The investigators were unaware of the results, an the surgeons (un-
aware of ... perioperative PEEP/ZEEP status) diagnosed and recorded any com-
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Wetterslev 2001 (continued)
Mortality

plications...which needed treatment, or death, and the length of stay in hospi-
tal..."

Comment: Description of outcome assessor blinding was adequate. Methods
section clearly defines that participants were anaesthetized when the inter-
vention was randomly assigned and implemented. We therefore assumed that
participants were blinded

Blinding of participants Low risk Quotes: "... The investigators were unaware of the results, an the surgeons (un-
and personnel (perfor- aware of ... perioperative PEEP/ZEEP status) diagnosed and recorded any com-
mance bias) plications...which needed treatment, or death, and the length of stay in hospi-
Oxigen efficiency - Pa02/ tal..."
Fi02
Comment: Description of outcome assessor blinding was adequate. Methods
section clearly defines that participants were anaesthetized when the inter-
vention was randomly assigned and implemented. We therefore assumed that
participants were blinded
Blinding of participants Low risk Quotes: "... The investigators were unaware of the results, an the surgeons (un-
and personnel (perfor- aware of ... perioperative PEEP/ZEEP status) diagnosed and recorded any com-
mance bias) plications...which needed treatment, or death, and the length of stay in hospi-
Atelectasis tal..."
Comment: Description of outcome assessor blinding was adequate. Methods
section clearly defines that participants were anaesthetized when the inter-
vention was randomly assigned and implemented. We therefore assumed that
participants were blinded
Blinding of outcome as- Low risk Quotes: "... The investigators were unaware of the results, an the surgeons (un-
sessment (detection bias) aware of ... perioperative PEEP/ZEEP status) diagnosed and recorded any com-
Mortality plications...which needed treatment, or death, and the length of stay in hospi-
tal..."
Comment: Description of outcome assessor blinding was adequate. Methods
section clearly defines that participants were anaesthetized when the inter-
vention was randomly assigned and implemented. We therefore assumed that
outcome assessors were blinded
Blinding of outcome as- Low risk Quotes: "... The investigators were unaware of the results, an the surgeons (un-
sessment (detection bias) aware of ... perioperative PEEP/ZEEP status) diagnosed and recorded any com-
Oxigen efficiency - Pa02/ plications...which needed treatment, or death, and the length of stay in hospi-
Fi02 tal..."
Comment: Description of outcome assessor blinding was adequate. Methods
section clearly defines that participants were anaesthetized when the inter-
vention was randomly assigned and implemented. We therefore assumed that
outcome assessors were blinded
Blinding of outcome as- Low risk Quotes: "... The investigators were unaware of the results, an the surgeons (un-
sessment (detection bias) aware of ... perioperative PEEP/ZEEP status) diagnosed and recorded any com-
Atelectasis plications...which needed treatment, or death, and the length of stay in hospi-
tal..."
Comment: Description of outcome assessor blinding was adequate. Methods
section clearly defines that participants were anaesthetized when the inter-
vention was randomly assigned and implemented. We therefore assumed that
outcome assessors were blinded
Incomplete outcome data  Low risk For most of our outcomes, outcome data were available for all randomly as-
(attrition bias) signed participants. For our outcome of oxygen efficiency, we used raw data
All outcomes provided by the study authors. These data revealed 5 dropouts. The reasons
Positive end-expiratory pressure (PEEP) during anaesthesia for prevention of mortality and postoperative pulmonary complications 38
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Wetterslev 2001 (continued)

for 4 of these dropouts were described in the paper. (See Outcomes section
above for details)

Selective reporting (re- Low risk All outcomes expected reported

porting bias)

ASA = American Society of Anesthesiologists classification system.

BMI =body mass index.

COAD = chronic obstructive airways disease.
CT = computerized tomography scan.

FiO, = fraction of inspired oxygen.
ICP =intracranial pressure.

ICU =intensive care unit.

ITT = intention-to-treat.

LOS = length of stay.

M/F = male/female.

Pa0, = partial pressure of oxygen in arterial blood.

PACU = post-anaesthesia care unit.

PEEP = positive end-expiratory pressure.

VTE = venous thromboembolism.

ZEEP = zero end-expiratory pressure.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Clarke 1998 Wrong outcomes
Alveolar-arterial oxygen gradients measured postoperatively were reported. However, no inspired
oxygen fractions were reported, so these measurements did not fulfil our outcome criteria for oxy-
gen efficiency or respiratory failure. We emailed the study authors and confirmed that they did not
have the extra data to allow us to include this trial

Cohendy 1994 Wrong intervention

PEEP was not continued throughout surgery

Coussa 2004

Wrong intervention

PEEP was continued for only five minutes. Confirmed by email correspondence with study author

Dyhr 2002 Wrong population

Looking at patients in ICU, after cardiac surgery
Futier 2010 Wrong study

Participants were not randomly assigned.
Gander 2005 Wrong intervention

PEEP was not continued throughout surgery

Goldmann 2011

Wrong outcomes
This paper mainly reports intraoperative outcomes

Grzybowska 2005

Wrong outcomes
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Study

Reason for exclusion

This paper was read by a Polish speaker (Ewa Zasada), who confirmed that no postoperative out-
comes were reported in the text. An attempt was made to contact study authors via email to con-
firm that no relevant outcomes were measured, unfortunately with no success

Khanam 1973

Wrong outcomes

No postoperative outcomes reported. Written mail sent to the correspondence address. No reply,
which was not surprising, given the date of the paper

Kim 2010 Wrong outcomes

This paper mainly reports intraoperative outcomes
Kim 2013 Wrong intervention

Effects of inspiratory time on pulmonary gas exchange and respiratory mechanics were analysed
Liou 1993 Wrong outcomes

No postoperative outcomes reported in the paper. Email correspondence with study author con-
firmed that no postoperative outcomes were measured

Meininger 2005

Wrong outcomes

No postoperative outcomes reported in the paper. Paper clearly describes that last measurements
were taken while participants were still on the operating table. An email was sent to study authors
to confirm that no unpublished postoperative measurements were made. We did not receive a re-

ply

Mizobe 2005 Wrong outcomes
This paper reported the effects of PEEP (and clonidine) on intraoperative thermodynamics. We
contacted study authors to make sure that they had not made any postoperative measurements
that were relevant to our review. Email correspondence with the lead study author confirmed that
no relevant outcomes were measured

Nabil 2005 Wrong outcomes

This paper reports mainly intraoperative outcomes. Study authors state that no pulmonary or
haemodynamic complications occurred. However, they do not define how this measurement was
made, or over what time period. They also state that no barotrauma occurred, but CXRs were tak-
en only in the intervention group. We were unable to find an email contact for any of the study au-
thors. A letter was posted to the corresponding address to try to clarify the above. However, we re-
ceived no reply. It was therefore decided that these data should be excluded

Neumann 1999

Wrong outcomes

No postoperative outcomes reported. Email correspondence with one of the study authors (Heden-
stierna) confirmed that no postoperative measurements were made

Park 2009 Wrong intervention
PEEP not continued throughout surgery
Reinius 2009 Wrong outcomes
No postoperative outcomes reported. It was clearly stated in the paper that final measurements
were taken 40 minutes after the intervention, when participants were still anaesthetized. Email
correspondence with corresponding author confirmed that no postoperative measurements were
taken
Rusca 2003 Wrong intervention
Positive end-expiratory pressure (PEEP) during anaesthesia for prevention of mortality and postoperative pulmonary complications 40
(Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Study Reason for exclusion

PEEP applied only during induction

Russo 2013 Wrong intervention
No postoperative outcomes reported

Turgut 2007 Wrong outcomes

This paper reported pneumocephalus as the study outcome. We wanted to be sure that no postop-
erative outcomes relevant to our review had also been measured, most likely mortality Such out-
comes were not reported in the text. We emailed the corresponding study author but received no

reply

Wolthuis 2008 Wrong outcomes

This paper looked at pulmonary inflammation intraoperatively as the study outcome. No outcomes
relevant to our review were reported in the paper. We emailed the corresponding study author,
who confirmed that no relevant outcomes were measured

Wrigge 2000 Wrong outcomes

This paper looked at inflammatory responses as study outcomes. No outcomes relevant to our re-
view were reported in the paper. We emailed the corresponding study author, who confirmed that
no relevant outcomes were measured

Wrigge 2004 Wrong outcomes

This paper looked at inflammatory responses as study outcomes. No outcomes relevant to our re-
view were reported in the paper. We emailed the corresponding study author, who confirmed that
no relevant outcomes were measured

Ye 2011 Wrong intervention
No postoperative outcomes reported

Yu 2006 Wrong intervention

Cross-over study. PEEP was not continued throughout surgery

ICU =intensive care unit.
PEEP = positive end-expiratory pressure.
ZEEP = zero end-expiratory pressure.

DATA AND ANALYSES

Comparison 1. Comparison 1: PEEP versus ZEEP

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

title pants

1 Mortality 6 268 Risk Ratio (M-H, Fixed, 95% Cl) 0.97 [0.20, 4.59]

2 Oxygen efficiency - 2 Mean Difference (IV, Fixed, 95% Cl) Subtotals only

P302/Fi02

2.1 Day 1 postop 2 80 Mean Difference (IV, Fixed, 95% Cl) 22.98 [4.40, 41.55]
Positive end-expiratory pressure (PEEP) during anaesthesia for prevention of mortality and postoperative pulmonary complications 41
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Outcome or subgroup No. of studies No. of partici- Statistical method Effect size
title pants
2.2 Day 3 postop 2 80 Mean Difference (IV, Fixed, 95% Cl) 12.59 [-6.78, 31.96]
3 Pneumonia 3 120 Risk Ratio (M-H, Fixed, 95% Cl) 0.40[0.11, 1.39]
4 Atelectasis 2 88 Std. Mean Difference (IV, Fixed, 95% CI) ~ -1.29[-1.78,-0.79]
Analysis 1.1. Comparison 1 Comparison 1: PEEP versus ZEEP, Outcome 1 Mortality.
Study or subgroup PEEP ZEEP Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Almarakbi 2009 0/45 0/15 Not estimable
Choi 2006 1/21 0/21 + 16.28% 3[0.13,69.7]
Severgnini 2013 0/28 0/28 Not estimable
Tusman 1999 0/20 0/10 Not estimable
Weingarten 2010 1/20 1/20 = 32.56% 1[0.07,14.9]
Wetterslev 2001 0/21 1/19 | 51.16% 0.3[0.01,7.02]
Total (95% Cl) 155 113 el 100% 0.97[0.2,4.59]
Total events: 2 (PEEP), 2 (ZEEP)
Heterogeneity: Tau?=0; Chi*=1.02, df=2(P=0.6); I>=0%
Test for overall effect: Z=0.04(P=0.97)
Favours PEEP  0.01 0.1 1 10 100 Favours ZEEP

Analysis 1.2. Comparison 1 Comparison 1: PEEP versus ZEEP, Outcome 2 Oxygen efficiency - PaO,/FiO,.

Study or subgroup PEEP ZEEP Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
1.2.1 Day 1 postop
Berthelsen 1979 18 258 (38) 2 233 (28) —B— 754% 25(3.9,46.1]
Wetterslev 2001 21 320 (56) 19 304 (69) * } 22.46% 16[-23.19,55.19]
Subtotal *** 39 41 —~l 100% 22.98[4.4,41.55]
Heterogeneity: Tau?=0; Chi*=0.16, df=1(P=0.69); 1>=0%
Test for overall effect: Z=2.42(P=0.02)
1.2.2 Day 3 postop
Berthelsen 1979 18 273 (38) 2 268 (40) —— 63.86% 5[-19.24,29.24]
Wetterslev 2001 21 313 (47) 19 287 (56) —4.—’ 36.14% 26[-6.22,58.22]
Subtotal *** 39 41 —~— 100% 12.59[-6.78,31.96]
Heterogeneity: Tau?=0; Chi*=1.04, df=1(P=0.31); 1°=4.04%
Test for overall effect: Z=1.27(P=0.2)

Favours ZEEP  -50 25 0 25 50 Favours PEEP
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Analysis 1.3. Comparison 1 Comparison 1: PEEP versus ZEEP, Outcome 3 Pneumonia.

Study or subgroup PEEP ZEEP Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Choi 2006 0/21 0/19 Not estimable
Weingarten 2010 1/20 1/20 13.7% 1[0.07,14.9]
Wetterslev 2001 2/21 6/19 —F— 86.3% 0.3(0.07,1.32]
Total (95% Cl) 62 58 — 100% 0.4[0.11,1.39]
Total events: 3 (PEEP), 7 (ZEEP)
Heterogeneity: Tau?=0; Chi*=0.58, df=1(P=0.45); 1>=0%
Test for overall effect: Z=1.44(P=0.15)

PEEP 6.01 011 1 1‘0 10(; ZEEP

Analysis 1.4. Comparison 1 Comparison 1: PEEP versus ZEEP, Outcome 4 Atelectasis.

Study or subgroup PEEP ZEEP Std. Mean Difference Weight Std. Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Azab 2005 15 0.8(0.8) 15 3(0.9) — 25.17% -2.51[-3.49,-1.52]
Talab 2009 39 2.9(1) 19 3.7(0.8) R 74.83% -0.88[-1.45,-0.31]
Total *** 54 34 S 4 100% -1.29[-1.78,-0.79]
Heterogeneity: Tau?=0; Chi*=7.81, df=1(P=0.01); 1°=87.2%
Test for overall effect: Z=5.1(P<0.0001)
Favours PEEP -5 25 0 25 5 Favours ZEEP
ADDITIONAL TABLES
Table 1. Estimates of effect for outcomes reported in only one trial
Outcome Trial Participants Effect measure Estimate of effect
(95% CI)
Respiratory failure Wetterslev 2001 40 RR 0.18
(0.01-3.56)
Oxygen efficiency in PACU Weingarten 2010 40 Mean difference 4.8
(Pa0,/FiO5) (-3.10 to 12.70)
Oxygen efficiency day 2 Wetterslev 2001 40 Mean difference 22
(Pa0,/Fi0,) (-9.87 t0 53.87)
Oxygen efficiency day 4 Wetterslev 2001 40 Mean difference -1
(Pa0,/Fi0,) (-38.79 t0 36.79)
Mechanical respiratory support Wetterslev 2001 40 RR 0.18
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Table 1. Estimates of effect for outcomes reported in only one trial (continued)

(0.01-3.56)
Cardiac complications Wetterslev 2001 40 RR 0.30
(0.01-7.02)
LOS in PACU (minutes) Talab 2009 44 Mean difference -21.05 (favouring PEEP)

(-37.73 to -4.37)

LOS in hospital (hours) Almarakbi 2009 60 Mean difference -19.9 (favouring PEEP)
(laparoscopic gastric banding surgery) (-27 to -12.8)
LOS in hospital (days) Weingarten 2010 40 Mean difference 5.31
(major abdominal surgery) (-1.37to0 11.57)
LOS in hospital (hours) Wetterslev 2001 40 Mean difference 24 (favouring ZEEP)
(open upper abdominal surgery) (18.2-29.8)
ICU admission Wetterslev 2001 40 RR 0.45
(0.04-4.60)

FiO, = fraction of inspired oxygen.

ICU = intensive care unit.

LOS = length of stay.

PEEP = positive end-expiratory pressure.

RR =risk ratio.

PACU = post-anaesthesia care unit.

Pa0, = partial pressure of oxygen in arterial blood.
Bold indicates statistically significant findings.

APPENDICES

Appendix 1. Search strategy for CENTRAL, part of The Cochrane Library

#1 MeSH descriptor Positive-Pressure Respiration explode all trees

#2 MeSH descriptor Positive-Pressure Respiration, Intrinsic explode all trees
#3 MeSH descriptor Continuous Positive Airway Pressure explode all trees

#4 MeSH descriptor Intermittent Positive-Pressure Ventilation explode all trees
#5 MeSH descriptor Intermittent Positive-Pressure Ventilation explode all trees
#6 positive pressure ventil*

#7 positive-pressure ventil*

#8 positive airway pressure

#9 PEEP*

#10 autoPEEP

#11 (occult or auto or nontherapeutic) near PEEP

#12 positive pressure respirat®

#13 positive-pressure respirat®

#14 endexpiratory pressure

#15 APRV or CPAP or nCPAP

#16 (#1 OR#2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #12 OR #13 OR #14 OR #15)
#17 MeSH descriptor Anesthesia, General explode all trees

#18 MeSH descriptor Anesthesia, Conduction explode all trees

#19 MeSH descriptor Anesthesia, Inhalation explode all trees

#20 MeSH descriptor Anesthesia, Closed-Circuit explode all trees
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#21 general an?est”

#22 general near an?esth”

#23 an?esthesia:ti,ab

#24 (#17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23)
#25 (#16 AND #24)

Appendix 2. Search strategy for MEDLINE (Ovid SP)

1. exp Positive-Pressure-Respiration/

2. exp Positive-Pressure-Respiration-Intrinsic/

3. exp Continuous-Positive-Airway-Pressure/

4. exp Intermittent-Positive-Pressure-Breathing/

5. exp Intermittent-Positive-Pressure-Ventilation/ 6. ((occult or auto or non?therapeutic) adjé PEEP).mp.
7. (positive pressure adj3 (respirat* or ventil*)).mp.

8. ((positive airway or end?expiratory) adj3 pressure).mp.

9. (APRV or CPAP or nCPAP or PEEP* or auto?PEEP or positive?pressure).mp.
10.1or2or3or4or5o0r6or7or8or9

11. exp Anesthesia-General/

12. exp Anesthesia-Conduction/

13. exp Anesthesia-Inhalation/

14. exp Anesthesia-Closed-Circuit/

15. (general adj3 an?esth*).mp.

16. an?esthesia.ti,ab.

17.11orl6o0r13o0rl2orl50r14

18.10and 17

19. ((randomised 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 (animals and humans)).sh.

20.18and 19

Appendix 3. Search strategy for EMBASE (Ovid SP)

1 exp positive-end-expiratory-pressure/

2 airway-pressure/

3 ((occult or auto or non?therapeutic) adjé PEEP).mp.

4 (positive pressure adj3 (respirat* or ventil*)).mp.

5 ((positive airway or end?expiratory) adj3 pressure).mp.

6 (APRV or CPAP or nCPAP or PEEP* or auto?PEEP or positive?pressure).mp.

7lor2or3ord4or5o0r6

8 exp General Anesthesia/

9 exp Inhalation Anesthesia/

10 Anesthesia Induction/

11 (general adj3 an?esth*).mp.

12 an?esthesia.ti,ab.

138orllorl0or9orli2

147 and 13

15 (RANDOMIZED-CONTROLLED-TRIAL/ or RANDOMIZATION/ or CONTROLLED-STUDY/ or MULTICENTER-STUDY/ or PHASE-3-CLINICAL-

TRIAL/ or PHASE-4-CLINICAL-TRIAL/ or DOUBLE-BLIND-PROCEDURE/ or SINGLE-BLIND-PROCEDURE/ or (RANDOM* or CROSS?OVER* or
FACTORIAL* or PLACEBO* or VOLUNTEER* or ((SINGL* or DOUBL* or TREBL* or TRIPL*) adj3 (BLIND* or MASK*))).ti,ab.) not (animal not
(animal and human)).sh.

1615and 14

Appendix 4. Search strategy for CINAHL (EBSCOhost)

S1 (MM "Continuous Positive Airway Pressure")

S2 (MH "Intermittent Positive Pressure Breathing") or (MH "Intermittent Positive Pressure Ventilation")
S3 (MH "Positive-Pressure Respiration, Intrinsic")

S4 (MM "Positive End-Expiratory Pressure")

S5 (MH "Positive Pressure Ventilation+")

S6 TX positive pressure ventil*

S7 TX positive airway pressure

S8 TX PEEP*

S9 TX positive pressure respirat®

S10 TX end-expiratory pressure

Positive end-expiratory pressure (PEEP) during anaesthesia for prevention of mortality and postoperative pulmonary complications 45
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S11 TXAPRV or CPAP or nCPAP
S12S1orS2orS3orS4orS5o0rS6orS7orS8orS9orS10orSlil

S13 ("anaesthesia") or (MH "Anesthesia, Conduction+") or (MH "Anesthesia, General+")
S14 (MM "Anesthesia, Inhalation")

S15 TX anesthesia

S16 S13 or S14 or S15

S17 S12 and S16

$18 (MH "Random Assignment")

S19 TX random*

S20 (MH "Double-Blind Studies") or (MH "Single-Blind Studies") or (MH "Triple-Blind Studies")
S21 (MM "Placebos")

S22 (MM "Clinical Trials+")

S23 S18 or S19 or S20 or S21 or S22

$24 S17 and S23

Appendix 5. Search strategy for IS| Web of Science

# 1TS=(positive SAME pressure) AND TS=ventil*

# 2TS=positive airway pressure

# 3TS=positive pressure ventil*

# 4TS=(airway SAME pressure)

# 5TS=PEEP*

# 6TS=positive pressure respirat*

# 7TS=(positive pressure) SAME TS=respirat*

# 8TS=end?expiratory pressure

# 9TS=endSexpiratory pressure

# 10#9 OR#8 OR #7 OR #6 OR #5 OR #4 OR#3 OR #2 OR #1
#11TS=an$esth* SAME TS=general

# 12TS=anSesth* SAME TS=(general OR conduct* OR closedS$circuit OR inhalat*)
# 13TS=general an$esth* OR TS=an$esth* general

# 14TS=an$esth* conduct*

# 15TS=an$esth* inhalat*

# 16#15 OR #14 OR #13 OR#12 OR #11

#17#16 AND #10

# 18TS=random* or TS=clinical trial* or TS=(CROSS?0OVER* or FACTORIAL* or PLACEBO* or VOLUNTEER*) or TS=MULTICENTER or
TS=((SINGL* or DOUBL* or TREBL* or TRIPL*) SAME (BLIND* or MASK*))
# 19TS=(animal* not (animal* and human*))

#20#18 not #19

#21#17 and #20

Appendix 6. Search strategy for LILACS (via BIREME interface)

("RESPIRATION, ARTIFICIAL/" or "AIRWAY PRESSURE RELEASE VENTILATION/" or "AIRWAY PRESSURE RELEASE VENTILATION/" or
"AIRWAYS" or "PEEP" or "PEEP INTRINSECA/" or "PEEP OCULTA/" or "PEEP, INTRINSIC/" or "PEEP, OCCULT" or "PEEP, OCCULT/" or "PEEP/"
or "POSITIVE END-EXPIRATORY PRESSURE/" or "POSITIVE-PRESSURE RESPIRATION" or "POSITIVE-PRESSURE RESPIRATION, INTRINSIC/"
or "POSITIVE-PRESSURE RESPIRATION, OCCULT" or "POSITIVE-PRESSURE RESPIRATION/" or "VENTILATION, INTERMITTENT POSITIVE-
PRESSURE/" or "VENTILATION, MECHANICAL/") and ("ANESTHESIA/" or "ANESTHETICS, INHALATION/" or "ANESTICIA" or "ANETESIA" or
"CLOSED-CIRCUIT ANESTHESIA/" or "GENERAL ANESTHETICS")

Appendix 7. Data extraction form
PEEP during anaesthesia for prevention of postoperative pulmonary complications and mortality

Data extraction form

Outcomes Reported in paper  Subgroups Information avail-
(circle) able in paper (cir-
cle)
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(Continued)
Primary outcome—mortality Yes/No PEEP 5 cm H,0 Yes/No
Secondary outcomes: PEEP 10 cm H,0 Yes/No
Outcome 1—respiratory failure Yes/No Age > 60 Yes/No
Outcome 2—oxygen efficiency Yes/No Obesity Yes/No
Outcome 3—mechanical respiratory support Yes/No Participants with lung dis- Yes/No
ease
Outcome 4—pneumonia Yes/No Participants with increased Yes/No
cardiac risk
Outcome 5—atelectasis Yes/No Operations > 6 hours Yes/No
Outcome 6—barotrauma Yes/No FiO, > 50% Yes/No
Outcome 7—postoperative cardiac complications Yes/No Use of nitrous oxide Yes/No
Outcome 8—LOS in PACU Yes/No Laparoscopic procedure Yes/No
Outcome 9—LOS in hospital Yes/No
Outcome 10—postoperative admission to intensive Yes/No
care
Positive end-expiratory pressure (PEEP) during anaesthesia for prevention of mortality and postoperative pulmonary complications 47
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For dichotomous data (with a separate copy for each relevant subgroup)

Code of paper Qutcomes

Intervention group

(n)

n =number of par-
ticipants, not num-
ber of events

Control group (n)

n =number of par-
ticipants, not num-
ber of events

Primary outcome

Mortality

Outcome 1

Respiratory failure

Outcome 3

Mechanical respiratory support

Outcome 4

Pneumonia

Outcome 5

Atelectasis

Outcome 6

Barotrauma

Outcome 7

Postoperative cardiac complications

Outcome 10

Postoperative admission to intensive care

Trial characteristics

Further details

Single centre/multi-centre

Country/Countries

How was participant eligibility defined?
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(Continued)

How many participants were randomly assigned?

Number of participants in each intervention group

Number of participants who received intended treatment

Number of participants who were analysed

Drug treatment(s) used

Dose/frequency of administration

Duration of treatment (state weeks/months, etc; if cross-over trial, give length of time in each arm)

Median (range) length of follow-up reported in this paper (state weeks, months or years or not stat-
ed)

Time points when measurements were taken during the study

Time points reported in the study

Time points you are using in RevMan 5.2

Trial design (e.g. parallel/cross-over®)

Other

Appendix 8. Quality assessment of eligible trials form

PEEP during anaesthesia for prevention of postoperative pulmonary complications and mortality

Methodological quality

Trial:

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

Positive end-expiratory pressure (PEEP) during anaesthesia for prevention of mortality and postoperative pulmonary complications 50
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Concealment of allocation

Process used to prevent foreknowledge of group assignment in RCT, which should be seen as distinct from blinding

State here method used to conceal allocation and reasons for grading Grade (circle)

Comment on allocation concealment by review authors or included study quote concerning alloca-  Adequate
tion:

Inadequate
Unclear
Blinding
Participant Yes/No
Outcome assessor Yes/No
Other (please specify) Yes/No

Comment on blinding by review authors or included study quote concerning allocation:

Intention-to-treat

An intention-to-treat analysis is one in which all participants in a trial are analysed according to the intervention to which they were
allocated, whether or not they received it.

All participants entering trial

15% or less excluded

More than 15% excluded

Not analysed as ‘intention-to-treat’

Unclear

Were withdrawals described? Yes No Not clear

Discuss if appropriate

WHAT'S NEW

Date Event Description
20 May 2014 New citation required but conclusions We found eight new studies. After we assessed the full articles for
have not changed eligibility criteria, we included two studies in our updated review
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Date Event

Description

(Severgnini 2013; Weingarten 2010). These two studies are ran-
domized clinical trials. Severgnini 2013 assessed the effective-
ness of protective mechanical ventilation during open abdomi-
nal surgery. Weingarten 2010 compared two ventilatory strate-
gies in elderly study participants undergoing major abdominal
surgery. These studies focused on assessment of intraoperative
outcomes, and they did not assess most of the outcomes listed
in this review. The conclusions were not changed.

20 May 2014 New search has been performed

The previous review authors (Imberger 2010) decided not to up-
date the review.

Three new review authors updated this version: Fabiano T Bar-
bosa, Aldemar A Castro and Célio F Sousa-Rodrigues.

We reran the searches until October 2013.

We updated the methods section. We included selective report-
ing in the risk of bias table. Bias related to blinding of partici-
pants and personnel was assessed separately from bias related
to blinding of outcome assessment.

HISTORY

Protocol first published: Issue 3, 2009
Review first published: Issue 9, 2010

Date Event

Description

12 October 2010 Amended

Contact details updated.

CONTRIBUTIONS OF AUTHORS

Updated review: Fabiano T Barbosa (FTB), Aldemar A Castro (AAC), Célio Fernando de Sousa-Rodrigues (CFSR)

Conceiving of the original review: Georgina Imberger (Gl)
Co-ordinating the review: FTB

Undertaking manual searches: FTB

Screening search results: FTB, AAC

Organizing retrieval of papers: FTB

Screening retrieved papers against inclusion criteria: FTB, AAC
Appraising quality of papers: FTB, AAC

Abstracting data from papers: FTB, CFSR

Writing to authors of papers for additional information: FTB
Providing additional data about papers: FTB

Managing data for the review: FTB, AAC

Entering data into Review Manager (RevMan 5.2): FTB
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Checking data entry: FTB, CFSR

Handling RevMan statistical data: FTB, AAC

Performing other statistical analysis not using RevMan: Gl, Jesper Brok (JB), Jarn Wetterslev (JW)
Interpreting data: FTB, AAC, CFSR

Making statistical inferences: FTB

Writing the review: FTB

Serving as guarantor for the review (one author): FTB

Taking responsibility for reading and checking the review before submission: FTB

Original review (Imberger 2010)

Gl conceived of the idea for the review and wrote the protocol. David Mcllroy (DM) and Nathan Leon Pace (NLP) helped to design the
protocol. GI, DM, NLP, Jarn Wetterslev and Jesper Brok conducted the review.

DECLARATIONS OF INTEREST

The original review (Imberger 2010) was a recipient of the National Institute for Health Research (NIHR) Cochrane Review Incentive Scheme
2009 award.

Fabiano T Barbosa: none known.

Aldemar A Castro: none known.

Célio F Sousa-Rodrigues: none known.

DIFFERENCES BETWEEN PROTOCOL AND REVIEW

In the 2013 update, the review team changed from Imberger G, Mcllroy D, Pace NL, Wetterslev J, Brok J and Mgller AM to Barbosa FT, Castro
AA and Sousa-Rodrigues CF.

We included one item in the Risk of bias table: selective reporting.

Thebias related to blinding of participants and personnel was assessed separately from the bias related to blinding of outcome assessment.
INDEX TERMS

Medical Subject Headings (MeSH)

Anesthesia, General [*adverse effects]; Pneumonia [etiology] [mortality] [*prevention & control]; Positive-Pressure Respiration
[adverse effects] [*methods]; Postoperative Complications [mortality] [*prevention & control]; Pulmonary Atelectasis [etiology]
[mortality] [*prevention & control]; Randomized Controlled Trials as Topic; Respiratory Insufficiency [etiology] [mortality]
[*prevention & control]

MeSH check words

Adult; Humans
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